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and its RELATION tO ' T R A P - S H O T T E N  G N E I S S '  and ' F L I N T Y  
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[ .  l NTRODUCTION. 

IN the year 1913 I received from a former student of mine, 
Mr. P. H. S. De Wet, a consignment of rock-specimens from the 
neighbourhood of Parijs (O.F.S.). Among these were many pieces 
of a dense black rock, which, I was informed, occurs very abundantly 
in veins and networks in the granite. The characters of this rock 
seemed so remarkable that 1 took an early opportunity of visiting 
Parijs myself, in oMor to study the phenomena in the field. As 
a result of my observations, I formed the opinion that  the black 
veins were intrusions of basic magma which had entered the granite 
by a process of stoping, accompanied by corrosion and solution; 
and a paper embodying this conclusion was communicated to the 
Geological Society in :November 1914, an abstract of it appearing 
in the Proceedings of the Society for that month (No. 964). After 
the manuscript had left my hands, I became aware for the first time 
of the work of Sir Thomas Holland and his colleagues of the 
Geological Survey of India on the ' trap-shorten gneiss' of Salem, 
Madras, and I could not fail to be struck by the resemblance 
between some of the phenomena there described and those observed 
by me. My attention was next turned to the ' flinty crush-rocks' 
of the Cheviot Hills and other parts of Scotland, which were also 
at one time held to be of igneous origin. By the kindness of 
Dr. Flett, the late Dr. Clough, and Mr. E. B. Bailey, I was enabled 
to study hand-specimens and sections of a large number of these 
rocks; and although, on comparing them with my own material, 
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part 3] THE PSEUDOTACIfI'LYTE OF P/tRIJS. 199 

I found the differences to be at least as numerous as the resem- 
blances, it became clear that I must reconsider the features of the 
Pal:ijs occurrence in the light of the evidence derived from other 
regmns. Parijs was accordingly revisited during 1915, and such 
fresh information and illustrations as were gained have been em- 
bodied in the account which is now presented. 

I t  should be explained that the name p s e u d o t a c h y l y t e  has 
been adopted in recognition of the fact that these rocks have a 
great similarity to tachylyte, also that  such rocks have been mis- 
taken for trap and tachylyte in Scotland and India as well as in 
South Africa, and for the further reason that no more suitable 
name is in existence. 'Trap-shorten gneiss'  denotes the entire 
�9 complex of intrusion and intruded rock, and is misleading in view 
of the fact that the intrusive part is not certainly'  t rap '  at all;  
while ' f l in ty  crush-rock' begs the question--as regards the Parijs 
rocks, at  least. 

II .  OCCUrREnCE I~- T~E FIELD. 

The township of Parijs lies upon the northern portion of the 
Vredefort granite-mass and on the southern bank of the Vaal 
River. The granite, which has an outcrop of some 400 square 
miles, has generally been regarded as Archman (that is, pre-Wit- 
watersrand), and appears as such on Dr. F. H. Hatch's map of the 
Transvaal;  but Dr. Molengmaff, and more recently Mr. F. W. 
Penny, have held that this granite is in reality intrusive in the 
Witwatersrand System. No detailed survey of the region has yet 
been made. 

The 'g ran i te '  in the neighbourhood of Parijs is a streaky 
granitic gneiss, composed of red and grey elements. Sometimes 
the red forms patches and streaks within the grey, elsewhere the 
grey matter is similarly enveloped by the red, or again the two 
elements may constitute alternate bands. The red matter often 
forms veins and bands of coarse pegmatite which run parallel to the 
direction of foliation of the grey rock, but in other cases such veins 
,cut sharply across the foliation. These pegmatites are occasionally 
very coarse-grained graphic granites. When extensive exposures 
are studied, it becomes evident that the red portion is of later con- 
solidation than the rest of the rock. Isolated ' floaters' of banded 
grey paragneiss can be found embedded in the red granite ; and, to 
my mind (although I have not made a special study of the gneiss- 
granite),  the matter is susceptible of one interpretation only, as 
follows :--the grey facies of the granitic gneiss results from impreg- 
nation, metamorphism, and eventual assimilation of sedimentary 
country-rock by the ascending magma, while the red is the residual 
portion of the same magma. Probably neither part reproduces the 
initial composition of the magma exactly. 

The red bands are composed essentially of quartz and felspar, 
with a very small proportion of biotite. Cleavage-pieces of the 
:red felspar show it to be a true orthoclase ; the red coloration is 

Q2 
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unevenly distributed, and is especially intense in the neighbourhood 
of cracks. The larger crystals often pass externally into micropeg- 
matite. The grey bands contain much oligoclase with practically 
straight  extinction, also a variable but genel~lly htrge proportion 
of biotite which often exceeds 50 per cent. I have not observed 
any hornblende in the few slices tha t  I have cut ; but  a t  the weir, 
2 miles above the township, bands of a bright-green aml)hibolite 
occur in the granite. 

The special interest of the district attaches, not to the granite- 
gneiss, but  to a remarkable system of veins of apparent t a c h y l y  t e 
which intersect the granitic rocks everywhere throughout  the area 
north of Vredefort. Of the southern pol~ion of the area, where 
exposures of the granite seem to be lnuch less numerous, 1 am 
unable to speak. The best exposures arc seen m the bed and banks 
of the Vaal, where the scour of the running water cleans ~tnd 
smooths the rock-surfaces ; the veins then show up jet-black and 
exhibit a highly polished surface, thus affording a strong contrast to 
t h e  rougher grey surface of the granite. Elsewhere they weather 
grey or greenish, and are then ditfieult to distinguish from the 
granite. On each of m r  visits I took a large number of photo- 
graphs of these veins, but  many of the exposures were so difficult 
to ' c a t c h '  (on account of their awkward situations, irregular sur- 
faces, slight colour-contrasts, and so on) tha t  I found it desirable 
to supplement m.v l~hotogral~hs by scale-drawings, some of which 
are reproduced herewith. 

The highly irregular, bl~nching intrusion of P1. X V I  was ex- 
posed in a deep cutt ing made for one of the piers of . the ne~w 
bridge; the rock-face shown is about 7 feet high, which will give 
a measure of the dimensions of the intrusion. This cutt ing has 
since been filled up. The photograph reproduced in P1. X V I I ,  
fig. i was obtained in another excavation near the first;  it shows 
a vein turning from a vertical to a nearly horizontal plane and 
thinning out. The width of the vein is 6 inches a t  the centre of 
the photograph. The detail of the blind end of this vein is shown 
in text.fig. 8 (p. 203). Pl. X V I I ,  fig. 2 shows a large block which 
has been thrown out by blasting operations a t  the weir, above the 
town ; the entire block is only a portion of a wide dyke of pseudo- 
tachyl~te. The floaters of grnnite which are embedded in the dark 
base are so numerous and so pela~ectly rounded tha t  the rock 
l~sembles in appearance a sedimentary conglomerate. This is a 
most renmrkable specimen, and, despite its weight, which mus t  be 
about a ton, one would like to see it removed entire to a museum. 

The characteristic features of the intrusions, as seen in the field, 
are summarized in the following paragraphs :--- 

The veins are utterly irregular in form, direction, and thickness (text- 
figures 6, 7, 10-13 ; P1. XVI). 

They have every inclination from vertical (P1. XVI) to horizontal (P1. XVII, 
fig. 1), and they strike towards all points of the compass. 

They change their direction again and again, and often follow sinuous. 
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F i g .  1 . - - B l i n d  veins, above the boathouse. 
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[The one on the right can be traced for about 7 feet ; i t  runs perfectly 
straight, and is 1 inch wide. Within 5 inches it thins out and terminates.~ 

F i g .  2 . - -Branehin f / ,  and a blind ceia, see~ 
near the boathouse. 
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F i g .  3 . - - B r a n c h i n g  and blind veins, near 
the boathouse. 
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EThe broken lines indicate the foliation of the granite.] 
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Fig. 4 . ~ A  thin veldt (~ to �88 inch) of pseudotaeh?/13tte .followin] 
the +nar:~in of  a pale ba~td in .qranite-.qneiss, in part breakin.q 
ac+'oss it and se~tdin,q venules into i t ;  200 yards above the 
boathouse. 

b 

Fig. 5.--A pe.qmatite vein flaulted 2 inches by the 
pseu dota ch!l l.yte. 
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Fig. 6.--~seudotaeh?/l~/t<, a <]uarler O/'a mile below the bridqe. 

[The broken lines indicate the foliation of the granite._] 
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Fig. 7.--Pseudotachylyte a quarter of  a mile 
below the bridge. 
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Fig. &--The  vein shown in P1. X F I I ,  f~athering out at its end. 
Gutting below the bridge. 
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Fig. 9.--..4 wavy trend c~ttin,q across the .folicttioa o f  the .q~teiss, 
at the end o f  the h/ileal iJttrttsio~t /lhtst~'ate~l in P l .  X V I L  
Vaal Rivm" Brit~qe. 

Fig. ]O.--Veij~ seea below the b~'idge. 
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F i g .  13.--Psezedotachylyte 200 yards above the boathouse. 

B 

e 

~ �9 

~ �9 

�9 ~ 

O 

Q 

O 

o = ~ , ~ �9 

I n c h e s  

$ 

�9 ~ 

O 
6 

0 O 

Q 

~ �9 

I 

courses (text-figures 2, 3, 9-13) and their direction is entirely independent 
of the foliation of the granite (text-figures 3, 5, 6, 8, 10). 

They thicken and thin repeatedly and rapidly (text-figures 6, 7, 9, 10-12), 
give off branches at  high and low angles (text-figures 2-4, 7, 8, 10-12), and 
often anastomose in the most complicated way (text-figures 10-12). 

In innumerable cases they thin out and terminate blindly (text-figures 1-3, 
7, 8, & P1. XVII, fig. 1). 

The contact with the surrounding granite, as seen with the naked eye, is 
perfectly abrupt. The granite is n e v e r  sheared parallel to the course of the 
veins, its texture remains unchanged, and the felspars continue to show 
large bright cleavage-faces and straight twinning lamellse, right up to the 
surface of contact (P1. XIX, fig. 1). 

The junction-line is often nearly straight for distances of many fee~, 
especially in the case of those veins which are not more than a few inches 
thick (text-figures 1, 2, 4, 5, & P1. XVII, fig. 1) ; in other cases it  is strongly 
serrated (P1. XVI). 

The veins vary in width from a fraction of an inch up to 2 or 3 feet ;  
but  in the thicker veins there are always numerous inclusions or floaters of 
granite which occupy a large proportion of the stated width, and the black 
base is often reduced to the r~le of a mere cement for the floaters (P1. XVI, & 
Pl. XVII, fig. 2). The floaters range from boulders a couple of feet in diameter 
down to minut~gr~in~ and-they are far more frequA~tly rounded or turbina~e 
than  angular (P1. XVII). I n  an average sample about 20 or 25 per cent., 
but  in some cases (PI. XVII, fig. 2) as much as 80 per cent., of the contents 
of a vein consists of boulders and fragments visible to the naked eye. 
"~ The bla~k base in which the granite floaters are embedded is a compact 
black rock, like a mierocrystatline basalt or t~chylyte, capable of taking on a 
high polish. Apart from grains of quartz and felspar derived from the granite, 
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no constituent of the black rock can be recognized even with a lens, nor is 
it possible to say whether the rock is crystalline or vitreous. 

I t  is in most cases quite impossible to determine whether the veins act as 
faults. Sometimes a movement of one side of the vein, amounting to no t  
more than 2 inches, can be proved (text-fig. 5, p. 202), but  no proof of great 
displacements was found. Some of the boulders illustrated in P1. XVI have 
been shifted only an inch or two from the walls which furnished them. 

I I l .  M[c ] tosco~ ,~c  CHARACTERS OF THE. PSEUDOTACHYLYTE. 

Sec t i ons  o f  m o s t  o f  t he se  rocks  m u s t  be c u t  v e r y  th in ,  in order  t o  
secure  even  m o d e r a t e  t r ans l~ t rency .  T h e  p l l o t o m i c r o g r a n l s  s h o w n  
were  t a k e n  b y  e lec t r ic  l i gh t ,  w i t h  exposu res  u p  to  2 m i n u t e s ,  
y e t  t h e  base  of  t h e  rock  appea r s  pel~ 'ect ly b l ack ,  a n d  o n l y  t h e  
inc lus ions  e x h i b i t  de ta i l .  T h e  o p a c i t y  o f  t i le  ba se  is due  to  a 
m u l t i t u d e  o f  m i n u t e  b l a c k  specks  ( o f  m a g n e t i t e ) ,  w h i c h  no t  on ly  
s t op  a g r e a t  deal  o f  l i gh t ,  b u t  also m a k e  i t  e x t r e m e l y  diff icul t  t o  
d e t e r m i n e  t h e  n a t u r e  a n d  p r o p e r t i e s  of  t h e  t r a n s p a r e n t  c o m p o n e n t s  
o f  t h e  g r o u n d - m a s s .  E x a m i n a t i o n  o f  a l a rge  n u m b e r  of  slides, al l  
m a d e  by  myse l f ,  has  s h o w n  t h a t  t h r e e  t y p e s  of  g r o u n d - m a s s  a re  
r ep re sen t ed ,  as desc r ibed  be low.  T h e  inc lus ions  are  a l ike  in al l  
cases,  a n d  wil l  be  d e s c r i b e d  a f t e r w a M s .  

T y p e  1.---This is the most opaque type of all, and is found generally in 
the thinner veins, those less than a couple of inches wide. Clouds of 
magnetite-grains of irregular shape obscure all detail. Behind these grains 
one sees a structureless background, which is not perfectly isotropic, but gives 
dull-grey tints between crossed nicols. The mass is not homogeneous, since 
different parts do not extinguish at the same time, but  boundaries between 
the different portions cannot be made out ; the appearance is not in the least 
suggestive of a powder. Some specimens are nearly isotropic, of very dark 
colour, and show a concentration of the black colouring-matter at many 
centres. A slight streakiness of the colouring-matter, suggestive of flow- 
structure, is rarely seen. Fragments of these black rocks, free from visible 
grains of quartz and felspar, were picked out and placed in bromoform (specific 
gravity ---- 2"8) ; they all floated. 

T y  p e 2.- In this type a certain amount of crystallization has taken place. 
The magnetite-grains arc in part tiny octahedra, and are accompanied by 
swarms of grains and scales which are pleochroic from yellowish green to 
pale grass-green (P1. XIX, fig. 3). These are so minute and so abundant t h a t  
in the thicker parts of the slides, as also in the specimens of the finest grain, 
one has merely an impression of greenness over all. Sometimes the prisms 
form definite collars or mantles around the xenocrysts. The length of the  
largest prisms does not exceed "0'08 millimetre, and the average is much less ; 
the breadth is from 0"02 mm. downwards. The extinction of the prisms lies 
between 10 ~ and 20 ~ ; they have high refraction and low birefringence (first- 
order colours), and they show a perfect cleavage parallel to their length. 
I am not able to distinguish cleavage in cross-sections, but  of all the common 
rock-minerals the characters just  enumerated clearly indicate a hornblende. 
Tiny scales of brownish-green biotite are also present in less abundance. 
Through the clouds of magnetite, hornblende, and biotite-grains, one sees 
again a feebly polarizing background which is either indeterminable, as in 
type 1, or else passes over towards type 3. 

T y p e  3.--This type of ground-mass is found in some of the widest veins, 
but  also in some thinner ones, which are not externally different from the  
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others. It does not seem to constitute entire veins, but to occur i~ patches: 
within rocks which also show type 2. Considering the invariable blackness. 
of the rocks, it is surprising to find that the section often shows very little of 
dark or opaque minerals, but consists e i t he r  of a honeycomb of polygonal 
spherulites of a dark-brown colour, showing a perfect cross between crossed 
nicols (P1. XIX, fig. 4), or of a felt of felspar-microlites with a subordinate 
amount of magnetite-dust and a few green scales in the interstices (P1. XIX, 
fig. 5). The microlites rise to 0"05 ram. in length and 0'01 in width. They 
are all twinned, and, although their small size makes the determination diffi- 
cult, it seems that both Carlsbad and albite twins are present. The extinction 
is always straight or practically so, and it is probable that both orthoclase and 
oligoclase are represented. The arrangement of the microlites is generally 
radial, not parallel, and it is thought that the stellate groups of microlites. 
have developed out of spherulites. 

T h e  g r a n i t e - w a l l s  a n d  i n c l u s i o n s . - - I  have cut various 
sections across the junction between granite  and pseudotachylyte ,  
and I find tha t  in general the granite shows no change which can: 
be traced far ther  than 1 or 2 ram. from the edge. In  some cases. 
this junction is absolutely sharp, and the granite betrays no change 
whatever. Such a junction is shown in P1. X I X ,  fig. 1, where 
single plagioclase crystal  is seen to be cut sharply across, as if  by 
a knife;  a few t iny  cl~cks are observed at  r igh t  angles to t he  
fractured surface, and along these there has been a very slight. 
fau l t ing  of parts of the crystal ; but, with this exception, the twin-  
ning lamell~e are perfectly straight,  showing tha t  there has been no 
shearing of the granite parallel to the vein. This is not an isolated 
in s t ance - - I  have observed the same feature in several slides. The 
general conclusion as to the absence of shearing in the granite 
holds r igidly for every case tha t  I have studied in t h e  field or in 
the labolutory. In  one case a crystal  of t i tani te  was found, half  of 
which is embedded in the granite-wall, while the other half  projects 
well into the tachylyte-vein ; here is proof positive of the absence 
o~ shearing. 

In  other cases the quartz- and felspar-crystals of the grani te ,  
within a space of 1 or 2 millimetres from the edge, are consider- 
ably cracked, show a very irregular extinction, and are invaded 
by tongues of pseudotachylyte. Fragments  of quartz and fels~par 
actual ly enclosed in the vein-rock are much cracked, the quartz- 
grains in particular showing a beautiful ly minute mosaic structure 
between crossed nicols. This granulation is unaccompanied by 
schistosity, and is such as migh t  have been c~used by rapid heat ing 
of the crystals. P1. X V I I I ,  fig. 2 shows granitic f ragments  floating 
in tachyl'yte just  at  the margin of a vein. The shadowy ~rains are 
felspar, the clear white grains are quartz. All the grains show 
fretted, embayed outlines, and the suggestion of active corrosion by 
the black base is very strong. Actual proof of mel t ing of J~elspar is 
contained in PI. X V I I I ,  fig. 1 & P1. XIX,  fig. 2, which are taken 
from the margin of a large vein. In  these photographs the quartz- 
grains stand out in clear relief from a matr ix  of h a l f - m e l t e d  
f e l s p a r  which shows viscous flow-structure. 

Sometimes the included ~elspars are red, and present a compact,  
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felsitie appearance. Slices cu t  t h rough  these red felspars show 
t h a t  the  whole substance is minu te ly  granulated,  and  t h a t  in par t  
the  felspar has been fused and has af terwards crystal l ized in the  
form of perfect  spherulites. 

I t  is remarkable  t h a t  only the quartz  and felspars of the  grani te  
appear  a m o n g  the  inelusiol~s; in no single instance is the  bioti te 
preserved. I n  view of the  evidence of h igh  tempera ture  shown by 
the  mel ted  felspar, this  becomes intel l igible : bioti te  is decomposed 
by moderate  heat,  and its decomposi t ion has furn ished  the  abundan t  
magne t i t e  of the base of the  rock. A l t h o u g h  felspar is more 
a b u n d a n t  than  quartz  in the  gnmi te ,  ye t  a m o n g  the  inclusions 
qual~z is more noticeable than felspar. In  one case an inclusion of 
amphil~olite was discovered in one of the  veins. The  br ight -green  
hornblende  shows no granulat ion,  and is qui te  unchanged  save a t  
the  very edge of the  inclusion, where i t  loses its well-developed 
cleavage and takes on a fibrous appealanee,  a l though  keeping  its 
pleoehroism and its un i form ext inct ion.  Round about  the  inclu- 
sion the  pseudotachylyte  is eoloured green, hence solution is again 
indicated. 

The  only other  xenocrysts t ha t  I have observed are a few 
unchanged  erystMs of zircon, sphene, and magnet i te .  The  pseudo- 
t aehy ly te  ix always perfectly fresh, and no hydrous secondary 
minm-als have been observed in any case. 

IV. 'rUE CASE FOlt THE I~;NEOt:S ()Wti~lN OF TllE Vmys .  

The  evidence which su~'gests an igneous origin for these veins, 
and  led to thei r  being regarded as tachyly tes  in the  first instance, 
may  now be summarized : - -  

(1) The mode of occurrence in the fiehl, as described above which is 
quite consistent with an igneous intrusive origin, but diflteult to 
reconcile with any other known man~er of formation. 

(2) The abrupt contacts between vein-rock and granite, and the absence 
of shearing in the granite. 

(3) The common occurrence of blind intrusions. 
(4) The presence of rounded boulders and fragments in the veins, as also 

the microscopic evidence of corrosion and even fusion of these and 
of selective destruction of the constituents in a definite order. 

(5) The presence of spherulitic and microlitic structures that find their 
nearest analogues in vitreous dyke-rocks and lavas in which crystal- 
lization has taken place subsequent to consolidation as glass. 

(6) The sharp distinction which exists between the inclusions and the 
matrix. 

(7) Although unquestionable igneous intrusions are not often seen in the 
granite, yet there is at least one basic dyke of the largest size in 
the very heart of the area, thus demonstruting the presence of basic 
magma in depth. This is a dyke of granophyric quartz-dolerite, 
nearly 600 yards wide, which is exposed in a shallow valley at 
the weir, above Parijs. Mr. J. W. Penny has described basic 
intrusions in the Lower Witwatersrand Beds which overlie the 
granite. 
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V. COMPARISON" OF THE PSEUDO'rkcHYI~YTE WITtl ' TItAP- 
SHOTTEN G3~EISS ' ~LND ' FLIN']:~( CltUSI[-IROCK.' 

The term t r a p - s h o r t e n  ( that  is, trap-injected) g n e i s s  was 
employed by W. King & R. B. Foote for parts of the gneiss of 
Salem (Madras), which they describe as being 'very largely im- 
pregnated or shot with strings of dark green or bluish-black 
compact trap.' The supposed trap-veins of this area were sub- 
sequently studied by Sir Thomas Holland, who found them to 
consist of an indurated black dust, through which fragments of 
quartz and felspar are disseminated. He was able to imitate the 
material by heating powdered gneiss to white heat in a furnace, 
and he concluded that  the production of the veins was due to the 
brecciation of the gneiss along certain lines, but not to injection of 
t rap;  the black eolour and indurated nature of the material he 
ascribed to the action of heat produced during the violent brecciation 
of the rock. 

The nmnner in which these dark veins occur in the field, a s  
described and illustrated by the above-mentioned writers, recalls 
many o f  the features of the Parijs occurrence. Important  points 
of difference, however, are that the so-called ' t rap-shorten '  bands 
occur in roughly parallel belts which coincide with lines of 
dislocation, and that they are often associated with true igneous in- 
trusions of a basic nature. With  regard to microscopic characters, 
the difference, is fundamental;  in no single instance that I have 
observed can the matrix of the Parijs rocks be described as a 
' black dust '  or powder. 

In Scotland rocks of somewhat similar characters to the above 
have been described as 'flinty crush-rocks' and mylonites. Many 
references to such rocks occur in the Geological Survey Memoir 
on the North-West  Highlands, and attention may be drawn espe- 
cially to the descriptions on pp. 124, 221, and 249. I t  is again 
significant that  the veins are found only in highly dislocated 
regions--especially along, or in the neighbourhood of, well-marked 
fault-planes and zones of crushing. In most cases the flinty 
material is associated with bands of a more clearly granulitic or 
mvlonitic character, and it has been suggested that by the intensity 
ot~ " the crushing sufficient heat may have been generated to fuse 
small portions of the rock. Some of the specimens in the Geolo- 
gical Survey collection show the occurrence of black flin~ ~ material 
as streaks within ordinar~ ~ mylonite, apparently confirming the 
above view ; a good example of this is Slide 12933. 

Dr. Harker  has described crush-lines in granite near Broadford 
(Skye), and notes that  the most marked effects are restricted to 
the vicinity of faulted boundaries. The flinty crush-rocks of the 
Cheviot Hills, discovered by the late Dr. C. T. Clough, also occur 
along el-ash-lines in g~ranite. Sections of these rocks, which 
Dr. Clough kindly permitted me to examine, show the clearest 
evidence of shearing; but they range from obvious mylonites, 
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consisting of angular fragments  of quartz and felspar, to very dense, 
structureless, black bands the origin of which might  have remained 
obscure if they had not been associated with coarser gmnulitic 
material. Dr. Clough informed me tha t  these veins were at  one 
time considered to be of igneous origin;  in my view, however, 
their true nature is unquestionably clearer than tha t  of the Parijs 
rocks. The specimens tha t  exhibited the nem~st approach to the 
characters of the pseudotachylyte of l 'arijs came from Cunyan Crag 
(Cheviots). Dr. Clough also showed me a flinty crush-rock from 
South Ben Lee, North Uist  (Hebrides) ,  which, in regard to the 
extreme opacity of its base, ahnost defying microscopic resolution, 
reseml)led the densest examl)les of my Parijs type 1. 

Dr. Clough, Mr. Maufe, & Mr. Bailey discuss flinty crush-rocks a t  
some length in their paper on the cauhh'on subsidence of Glen Coe, 
and give a convenient sulnmary of some of the literature mentioned 
above. They show tha t  a t  Glen Coe dark, apparently tachylytic, 
rocks have been produced by the shearing of various types of rock, 
quite independently of igneous action. Of especial interest is their 
observation tha t  in some casts ' t he  flinty crush-rock has been 
injected as a fluid away from its source of origin.' By the 
coul~sy  of Dr. Fle t t  and the late Dr. Clough and Mr. Bailey, I was 
enabled to study a large number of hand-specimens and sections 
f rom this area, as well as from other ])arts of Scotland. I found 
tha t  the lnajority of them were unmistakable mylonites, or eyed 
gneisses on a microscopic scale; but there seemed to be a re- 
presentative of every stage between these and a type with almost 
unresolvable dense base, which may show flow-structure or may lack 
every  trace of orientation. Only the most extreme examples of the 
lat ter  type are comparable to the Parijs rocks, and none of them 
showed anything silnilar to the crystallization of felspar and horn- 
blende seen a t  Parijs. The points in which these rocks begin to 
resemble those of Parijs are the following : ~  

(1) The base of the rock is sometimes structureless and opaque, and 
full of tiny black grains, which are in part euhedral crystals of 
magnetite. 

(2) Larger fragments are sometimes rounded, and have what look like 
reaction-rims, or their margins may appear to have been corroded. 
Internally they may exhibit a mosaic structure. 

(3) In rare cases there are beginnings of crystallization in parts of the 
base, and in one instance (Meall l~iabhach, l~oss-shire) typical 
triehites are developed. 

Out of all the material tha t  I examined I wss able to select 
only four specimens of which I could fairly say tha t  they showed 
a close approach to my Parijs  rocks of the first type. 1 

Typical flinty crush-rocks are developed on a vel:y large scale in 
the province of Olavarria (Argentine Republic), where they have 

1 The sections in the Geological Survey collection bear the numbers 12332, 
13402, 13403, 12934, 4281. 
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been studied by H. Baeklund. In his memoir on the subject, 
Backlund traces the mechanical alteration of a coarse porphyritic 
granite into a black horny rock with relics of felspar-phenocrysts. 
Optical deformation of the breceiated fragments is said to be visible 
in every preparation, and as there is no obvious reerystallization it 
is concluded that the breccia has not been submitted to any very 
high temperatm'e. Backlund compares these rocks with Scottish 
flinty crush-rocks, which they appear to resemble closely. Four 
chemical analyses are tabulated, two of different facies of the 
granite-gneiss and two of mylonites. The analyses of mylonite do 
not differ more fl'om the analyses of granite than do the latter one 
from the other, and, in particular, the analysis of a ' dense black 
mylonite with red spots of mierocline' corresponds almost exactly 
to the mean of the two analyses of granite-gneiss. 

The only other part of the world from which I have been able to 
obtain useful information regarding crush-rocks and pseudotachy- 
lyres is Little Namaqualand, the north-western corner of the Cape 
Province. I am indebted to Dr. A. W. Rogers for the following 
note on the subject : - -  

' The trap-shotten rocks in Van Rhyn's  Dorp and Namaqualand are massive 
gneiss and occasionally the mica-diorites of the copper-bearing intrusions. 
The cracks are rarely half an inch wide, usually less than a tenth of an 
inch. They- -o r ,  rather, the instances observed--are  in groups several feet 
long, and the individual cracks give off branches and join up with their 
neighbours. Though they have no constant direction, the cracks in any one 
group are parallel in a rough way, and+at Jubilee Kop and on Mining Lease  
81 they cross the foliation of the gneiss approximately at right angles. 
The  strings are black.' 

In sections of one of these black veins from Flamink Vlakte 
(Namaqualand) I was able to determine the following characters. 
Under a low magnification the appearance seen is that of a powder 
.consisting of sharp angular grains of quartz and felspar of all sizes, 
with a sort of cement of green scales. Even the highest mag- 
nification fails to reveal anything of the nature of a glassy, 
spherulitic, or microlitic base. The quartz and felspar fragments 
.are mostly fl'ee from cracks, and give a perfectly uniform extinction, 
while the plagioclases show normal twinning lamellm. The green 
:scaly substance lying between the colourless grains is made up of 
shapeless scales of biotite, with perhaps a few scraps of hornblende 
of the same colour. This biotite seems to be mainly detrital, just 
as the quartz and felspar are, but some of it may conceivably have 
crystallized in place. There is absolutely no suggestion of corrosion, 
melting, or recrystallization of the quartz or felspar, and nothing 
whatever to indicate that  the temperature was high. Magnetite, 
which renders the Parijs rocks so dark and opaque, is nearly 
absent. A few grains of zircon are visible, some of them being 
enclosed in the larger biotite-scales. 

As an illustration of this mylonitic type of crush-rock, which 
appears to be the standard type in all the regions above described, 

Singapore on June 12, 2014
 at National University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


212 , '~or. s. J. SHARD O~ [VOI. lxxii, 

except l 'arijs,  I include a 1)llotomicrograph of tile rock of l?lamink 
Vlakte in PI. XIX,  fig. 6. The essential difference between pseudo- 
tachylyte  and flinty crush-rock is inll)ressively shown when this 
photograph is compared with P1. X V I I I ,  fig. 2. 

The facts that  have been established so far may conveniently be 
tabulated in the f()llowing form : - -  

(a) Black rocks are composed of crushed materiM without reerystM- 
lization or any evidence of elevated temperature: Argentine ; 
Namaqualand ; most Scottish and Indian locMities. 

(b) Black rocks are composed of erustmd materiM, but with evidence 
of high temperature approaching the melting-points of some of the 
constituents, and with beginnings of crystallization : some Scottish 
localities, especially Glen Coe, Meall Riabhach, and North Uist; 
some Indian localities (?). 

(c) Bl~ck rocks hold inclusions of fragmental material, but lack proof 
of origin by crushing ; the temperature exceeded the melting-point 
of felspar, and spherulitie and microlitic crystallization took place : 
Parijs. 

Rcgal~ling the evidence from a 1)urely qualitative standl)oint , i t  
would seem tha t  we have a complete series of rocks cmmecting up 
the pseudotachylyte of Parijs with ordinary mylonite, the various 
links in the series being as follows : - -  

mylonite -~ fritted mylonite or ttinty crush-rock --~ fused mylonite or 
pseudotachylyte (type 1) --~ recrystMlized pseudotachylyte (types 2 
& 3). 

Arguing on these lines, it is possible to maintain the view tha t  
pscudotachylyte is simply an extreme form of flinty crush-rock, 
the production of which involved a greater generation of heat than 
usual. 

Against this view of the origin of pseudotachylyte there are 
some very weighty arguments. The supposed series of rocks 
connecting pseudotaehylyte with mylonite, a l though qualitatively 
complete, is very imperfect when examined quantitatively.  In all 
the regions tha t  have been mentioned here, except Parijs, the first 
member of the supposed series is abundant, the second member nmeh 
scarcer, the thiM member is limited to a few minute or even 
microscopic occurrences, while the fourth member does not occur. 
At  Parijs, on the other hand, the first and second members are 
entirely absent (at  least a close search has failed to reveal them),  
while the third and fourth members occur in great abundance 
throughout  a large area. These considerations cast the gravest 
doubt upon the actual continuity of the supposed series. In fact, 
the only conclusion tha t  the study of flinty crush-rocks entitles us 
to draw is tha t  products similar to pseudotachylyte can  be, a n d  
in r a r e  ca ses  h a v e  been ,  produced by crushing and heating 
associated with movement along planes of dislocation. 

FreSher objections to the comparison of pseudotachylyte with 
fli~ty crush-rock are as follows :--- 

Singapore on June 12, 2014
 at National University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


par t  3] THE k'SEUDO'rACiIYLYTE OF PARIJS. 213 

(1) The absence of shearing and cat,elastic phenomena in the granite. 
This can only be accomlted for by supposing the fractures to have 
been produced by s u d d e n  snapping of the granite in response to a 
sudden stress; but how, unless there was long-continued friction, 
could the quantity of fine dust necessary to fill the fissures be 
supplied ? 

(2) The common occurrence of blind veins seems positively to exclude 
the possibility of long-continued friction; the blind veins do nog 
differ in texture or composition from the others. 

V I .  T H E  CHEMICAL COMPOSITION OF THE PSEUDOTACHYLYTE. 
(See also Apl)endix, p. 217.)  

W h e n  I first examined  these rocks, I had  no means  of m a k i n g  
a chemica l  analysis  of the  mater ia l .  Subsequent ly ,  w h e n  the  
question of the  origin of the  pseudo tachy ly te  was reopened,  m y  
assistant ,  Mr.  R.  A. Page,  k ind ly  under took  to pe r fo rm the  
necessary analyses,  and  the  figures given below are due to h im.  
I n  just ice  to Mr.  Page ,  I mus t  s ta te  t h a t  the  work  was pe r fo rmed  
under  very  unfavourable  condit ions,  w i th  a de f i c ien t  supply  of 
p l a t i num vessels, wi th  ace ty lene  burners  and a spiri t  b las t - lamp 
for  igni t ion,  and  w i t h o u t  reagents  of special p u r i t y ;  consequent ly ,  
i t  was no t  expected t h a t  a h igh  degree of accuracy  could be 
a t ta ined .  The  summat ion  of the  analyses is low ; but ,  as we are  
concerned  ra the r  w i th  the  general  chemica l  charac te r  of t h e  rock 
t han  wi th  t he  very precise de te rmina t ion  of individual  cons t i tuents ,  
the  resul t  has proved qui te  serviceable, and  I desire to record m y  
grea t  indebtedness  to Mr.  Page  for  his careful  labour.  The  figures 
are  given in the  first two columns below ; those in the  t h i r d  and  
f o u r t h  co lumns  refer  to Back lund ' s  analyses of b lack my lon i t e  
and  g rey  mylon i t e  respectively,  the  mino r  cons t i tuen ts  be ing  
omi t t ed  : - -  

Ia .  

SiO., . . . . . . . . . . . . . . . . . . . . .  I 62"03 
TiO~ . . . . . . . . . . . . . . . . . . . . .  I n.d.  
A120:~ . . . . . . . . . . . . . . . . . .  , 16'57 
Fo,O., . . . . . . . . . . . . . . . . . .  i 2"51 
FeO . . . . . . . . . . . . . . . . . . . . .  ~ 2"90 
MgO .. . . . . . . . . . . . . . . . .  : 0"39 
CaO . . . . . . . . . . . . . . . . . . . . .  i 3"39 
Na20 .. . . . . . . . . . . . . . . . .  i 6"37 

3"41 
K,O . . . . . . . . . . . . . . . . . . . . .  i 0'16 H20 - . . . . . . . . . . . . . . . . .  i 
H~O-F ......... ! 0'72 
c o ~  . . . . . . . . . . . .  :::::::::! 0 0 0  J 

Tota2s .. . . . . . . . . . .  i 98"45 

Ib. 

62"66 
n .d .  
16"26 

2"51 
2"89 

n .d .  
3'99 
5'88 
2'75 

~ 0"96 

97"90 

II. 

65"75 
0"66 

15'56 
0"64 
3"30 
1"77 
3'75 
3"11 
4"11 
0"08 
0"69 
0"74 

I I I .  

68.24 
0.01 

16.08 
0.81 
2.20 
0.40 
3.42 
3.34 
3.99 
0.08 
0.83 
0"59 

TiO.~, ZrO 2, MnO, and P.20~ were present in small quantities, but were 
not determined by Mr. Page. 

Q. J .  G. S. No.  287. 
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The rock chosen for analysis shows a combination of the cha- 
racters of types 2 & 3 as above described--that is, it contains both 
felspar-laths and hornblende-prisms, with magnetite. The average 
diameter of grain is 0"0i millimetre, and the usual quartz- and 
felspar-inclusions are present in comparatively small amount in the 
hand-specimen, although well-rounded inclusions are very numerous 
under the lnicroseope. An apl)arent discrel)ancy exists between 
the abundance of hornblende in the ground-mass of the rock and the 
rather low figure for magnesia in the analysis; but it is possible 
that the t)lace of magnesia is largekv taken by ferrous oxide, and 
that the aml)hibole is rich in the griinerite molecule. 

The norm of this rock, as calculated from the first analysis, is as 
follows :--Quartz 9"72, orth()elase 37"81, albite 28"82. anorthite 
1I'12, diopside 5"02, hypersthene 1"49, magnetite 3'71. The rock, 
therefore, falls into persalane, subrang l)ulaskose (I, 5, 2, 3). 

Conc lus ions  to be drawn froln the  a n a l y s e s . - - I t  was 
recognized from the beginning that a chemical analysis would 
probably ])rove inconclusive as regards the origin of the veins, 
because (a) it is not possible to separate the ground-mass of the 
rock from the minute granitic inclusions which occur all through 
it, and (b) whatever theory of the origin of the veins one may 
favour, it is certain that some part of the granite--especially 
the biotite, but also some of the felspar--has ah'cady been in- 
corporated in the ground-mass. The analysis, therefore, gives the 
composition of the ground-mass flhts that of innumeral)le quartz- 
and felspar-inclusions. 

No analysis has been made of the granite-gneiss in which the 
veins occur: this is a composite banded gneiss in which different 
bands show a very wide range of composition, and no single 
analysis could give a fair idea of the average composition. From 
the mineralogical examination of the w~rious facies of the gneiss, 
however, one may describe the rock-complex as a whole as having 
the composition of a granodiorite. The real utility of the above 
analyses, therefore, lies in showing that the  compos i t ion  of 
the  p s e u d o t a e h y l y t e  is such as m i g h t  r e su l t  f rom the 
c o m m i n g l i n g  of f r a g m e n t s  derived f rom the  d i f f e r e n t  
l e u c o c r a t i c  and m e l a n o c r a t i c  bands  of the  gneiss.  

My original assumption, that the dykes consist of basic igneous 
material (approximately of the composition of basalt) which has 
acidified itself by solution of granite, is now seen to be scarcely 
tenable. The figures for alkalies and magnesia, in particular, are 
such as no mixture of granite and basalt could give. Again, in 
order to account for the proportion of silica alone, it would be 
necessary to assume that our hypothetical ba~ltic magana took up 
in solution and suspension from one and a half to three times its 
own weight of granite, since, according to Dr. Daly's figures, the 
average silica of  basalts is 49 per cent. and that of granodiorites 
and granites from 65 to 69 per cent. The actual proportion of 
suspended granite-fragments (that is, inclusions) in the analysed 
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rock was determined by geometrical measurement of four thin 
sections; the results were 25"3, 26"4, 28"2, and 43"5 per cent. 
respectively, giving an average of about 30 per cent. Hence, in 
order to account for the observed composition of the pseudotachy- 
lyre, we should be driven to the assumption tha t  the supposed 
basaltic ground-mass had actually dissolved and completely assimi- 
lated about its own weight of granite. But  a simple calculation 
based on the known values of the specific heat and latent  heat of 
fusion of the common silicate-minerals shows tha t  a magma, to 
dissolve its own weight of foreign rock, would need to have an 
initial temperature enormously in excess of any temperature known 
to be realized in the higher zones of the lithosphere. 

If, then, the participation of an igneous magma is to be assumed 
:at all, it  must  be a magma considerably richer in silica and alkalies 
than basalt. But  here we are faced by the fact that  the only body 
of magma tha t  is known to underlie the granite-gneiss in this 
region is the body which gave rise to the enormous dolerite-dyke 
a t  the weir above Parijs, and to  the various ' diabases' in the 
Lower Witwatersrand rocks. The analysis, therefore, deprives 

t h e  igneous theory in its original form of an important  buttress. 
I f  we try to modify that  theory by assuming tha t  the invading 
magma was of andesitic or dacitic composition, we merely beg the 
question. 

VII.  THE CASE AG~_I~Sa: Xl~ IG~EOVS OI~IGIN. 

So long as no other than an igneous origin suggested itself, 
certain peculiarities of structure and composition exhibited by 
the pseudotachy!yte could be overlooked ; but, with an alternative 

solut ion in the tield, these points of singularity must  be regarded 
as evidence against the igneous theory. The main points mil i ta t ing 
.against the acceptance of the igneous theory are as follows : - -  

(1) The total absence of macrocrystalline equivalents of the pseudo- 
tachylyte. 

(2) The total absence of differentiation between the central and the 
marginal portions of the veins. 

(3) The general absence of flow-structure. 
(4) The extreme opacity of the most glassy-looking rocks, and the 

abundance of powdery magnetite in them. 
(5) The absence of perfect isotropism, even in the most structureless 

types. 
(6) The low water-content of the rocks. Mr. R. A. Page determined for 

me the total loss on ignition in the case of one of the most nearly 
glassy rocks (type 1) ; it amolmted only to 0"83 per cent., which is 
much lower than the average figure for pitchstones. 

(7) The melting (as distinct from dissolution) of felspar contacts. This 
is a phenomenon for which I can recollect no parallel among igneous 
rocks ; it seems to demand a temperature higher than one can con- 
cede to a thin tongue of magma far from its source. 

48) The analogy between these rocks and the rare semi-vitrified crush- 
rocks of Scotland, and through these with other Scottish occur- 
rences of flinty crush-rocks and with the mylonites of Argentina, 
India~ and Namaqualand. 

~ 2  
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VIII .  Co~cLusm~. 

There are two explanations before us of the origin of these 
pseudotachylytes : one is, that they represent end-1)roduets of the 
same process as that by which flinty crush-rocks have been pro- 
duced; the other, that they are tlaae igneous intrusions. I have stated 
the evidence fur and against both hypotheses without prejudice. 
I must now add that the result of my study of tiinty crush-rocks 
has been to make me chary of reasserting the normal igneous 
origin of the pseudotachylyte. The only l>oint as to which I am 
really satisfied is the intrusive relation of the mate r ia l  to its 
walls. Before rejecting the igneous theory, however, on account 
of the evidence which has already been cited against it, we may 
p~use to consider whether a lnelt of granite, produced within the 
granite itself by mechanically-developed heat, would not differ in 
its properties front a normal granitic maglna owing to the absence 
of the usual volatile constituents of a maglna. Such a melt, being 
in all probability extremely viscous, lnight he unable to undergo 
differentiation or to crystallize as a, magma would; hence the 
absence of differentiation and of phancroerystalline products, 
although hardly compatible with consolidation from a magnm, is, 
perhal)s , not incolnpatible with consolidation from a rock-melt. 
That the pseudotachylyte is the product of such a rock-melt, as 
distinct from a maglna, is the hyltothesis that best explains the 
facts. I.t depends, however, on the assumption that the heat 
necessa13; to fuse the ga-anite on the large scale which the intrusions 
indicate is capable of being produced by the sudden rupture of the 
granite without long-continued friction or shearing. The validity 
of this assumption, as well as the prol• of such a rock-melt 
under high pressure, can only be guessed at. Granted the necessary 
postulates, then this hypothesis adequately .explains the phenomena. 

Should the above assumption not prove acceptable, there is still 
one possibility left. Prof. Stanislas Meunier and others still believe 
in the causation of earthquakes by deep-seated explosions. The 
conditions at Parijs are not such as Prof. Meunier postulates, but 
there is abundant evidence that the sub-crust of these parts of 
South Afi-ica has in the past contained highly explosive material: 
witness the hundreds of tuff-filled pipes which have been drilled 
through the el~st in the Orange Free State, the Transvaal, and 
the adjacent parts of the Cape Province. The extrusion of the 
great dolerite-dyke at Parijs itself demands an exlmlsive force of 
enormous power. .The form of the pseudotachylyte veins indicates 
that the gl-anite was shattered by a sudden gigantic impulse or 
series of impulses. I f  this impulse were of the nature of an 
explosion in the sub-crust, it would have as a necessary consequence 
the outrush of incandescent gases through all the fissures of 
the gl~nite. In these circumstances fusion of the walls of the 
fissures might well ensue. Sir Andrew Noble's experiment, in 
which cordite was exploded in steel cylinders and the gases allowed 
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to  escape t h r o u g h  a small  hole in a gran i te  stopper,  wil l  a t  once 
recur  to  the  memory .  H e r e  is not  only  a possible source of the  
vein-mater ia l ,  b u t  an explanat ion of the  h igh  t empera tu re  to 
the  act ion of which  t h a t  ma te r i a l  testifies. I ha rd ly  dare offer 
th is  as a serious hypothesis ,  since i t  takes  us away  f rom known 
causes a l toge ther ;  but ,  when one is dea l ing  wi th  an ex t raord ina ry  
phenomenon ,  no possibil i ty is too ex t raord inary  to be wor thy  of 
considerat ion.  

I n  brief,  t he  mate r ia l  of the  pseudo taehy ly te  seems t o  be 
mel ted  g r a n i t e - - t h i s  is indica ted  by the  chemica l  characters ,  and  
is consis tent  w i th  the  microscopical  evidence ; i t  behaves towards  
the  gran i te  l ike an igneous i n t r u s i o n - - t h i s  is es tabl ished by  the  
field-observations. The  source of the  hea t  and  the  mechanics  of 
t h e  in t rus ive  process remain  obscure. 
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APPENDIX [Sep tember  1916].  

S o m e  f r e s h  A n a l y s e s  of  t h e  G r a n i t e  a n d  P s e u d o t a c h y l y t e  

o f  P a r i j s ,  m a d e  b y  D r .  H .  F .  H a r w o o d .  

T h r o u g h  the  k ind  med ia t ion  of Dr .  A r t h u r  Holmes ,  Dr .  H .  F .  
:Harwood, of t he  Imper i a l  College of Science & Technology ,  has 
la tely been induced  to undm~ake  the  analysis  of  the  g ran i te  and  
pseudotachyly te ,  in order  to set t le  the  quest ion of the  or igin  of  
the  la t ter .  F o r  this  purpose I supplied h i m  wi th  : - -  

(1) the residue of the material already analysed by Mr. R. A. Page and 
described by me in the foregoing pages, and 

(2) a large block from the locality shown in P1. XVII, fig. 1, consist- 
ing of part of the tachylyte vein (2 a) and part of the granite 
wall (2 b). 
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The analytical results are tabulated below under these numbers: - -  

(I) (2 a) (2 b) 

SiO.~ ... . . . . . . . . . . . . . . . . . . . . .  I 64"87 
AI.~O~ .... . . . . . . . . . . . . . . . . .  i 15"62 
Fete  a . . . . . . . . . . . . . .  1"90 
Fee  .... . . . . . . . . . . . . . . . . . . . .  2"50 
MgO ..... . . . . . . . . . . . . . . . .  ! 1 '77 
CaO .... . . . . . . . . . . . . . . . . . . . .  ! 3" 73 
Na.~O ...... . . . . . . . . . . . . . .  i 4"29 
K.~O .... . . . . . . . . . . . . . . . . . . .  2"92 
H,,O+ ... . . . . . . . . . . . . . . . . . .  i 0'57 
H.~O . . . . . . . . . . . . . . . . . . . . . .  i 0"08 
TiOx . . . . . . . . . . . . . . . . .  1"32 
P,O~ ... I 0"27 
s 6 ~ .  . . . . .  i i i i i i i i i i i i i i i i i i !  llolle 
S ... . . . . . . . . . . . . . . . . . . . . . . . .  i 0"06 
MnO ...................... 0"05 
SrO ' BaO :::::::::::::::::::::::: trace0.01 
C1 ... . . . . . . . . . . . . . . . . . . . . . . . .  i trace 

66"95 
15"06 

1'58 
2"18 
1'38 
3"25 
4'32 
2"85 
0"51 
0'12 
1"75 
0"07 

none 
0"12 
0"03 

n o l l e  

0"05 
t:race 

67"72 
15"79 

1"04 
2"33 
0"99 
2'93 
4'49 
2'21 
0"68 
0"11 
1"36 
0"11 

none 
0'02 
0'02 
0"03 
0"01 

trace 

Totals .............. t 99'96 
Less 0 ............... 0'02 

! 99"94 
, - r  

100"22 99"84 
0"05 

100"17 
i 1 "  - -  

The  analysed specimen of the  grani te-gneiss  is d i s t inc t ly  banded 
in hand-specimen,  the  individual  bands of a l t e rna te ly  l igh t  and 
dark  eolour being 1 to 2 ram. th ick  and ne i ther  regular  nor 
pers is tent  when examined minu te ly ,  y e t  sufficiently so to give a 
d i s t inc t  gra in  to the  rock. B o t h  whi te  and flesh-red felspars are 
seen, the  la t te r  being the larger  and  t end ing  to produce eyes. 
B o t h  orthoclase and oligoelase are present,  wi th  biot i te  as the only  
dark  silicate. Grains  of apa t i te  are ra ther  abundan t ,  wi th  some 
i lmeni te  and t i tani te ,  and large i r regular  patches of quar tz  make 
up about  a quar ter  of the  rock. The  chemical  and microscopical 
characters  detemnine the rock to be essent ia l ly  a granodior i te ;  but ,  
as I have a l ready expressed the  opinion t h a t  the  whole mass is a 
hyb r id  grani te-gneiss  the composit ion of which varies g rea t ly  f rom 
place to place, there  is no need to lay stress on the name. 

The  analysed specimens of pseudotachyly te  are of m y  type  2, 
pass ing  towards 3 - - t h a t  is to say, t hey  contain a b u n d a n t  horn- 
blende-needles and magne t i t e -g ra ins  ; bu t  in places, and  especially 
round the  larger  inclusions, fe lspar- la ths  are also p rominen t ly  
developed. 

Compar ing  the figures for  the  two kinds  of rock, i t  is evident  
t h a t  t hey  are so near ly  ident ical  as posi t ively to exclude the  
par t ic ipa t ion  of a foreign m a g m a  in the  production of the  pseudo- 
t aehy ly te .  The  grea ter  conten t  of potash,  magnesia ,  and  iron in 
the  pseudotachyly te ,  as compared w i t h  the  grani te ,  doubtless arises 
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from the fact that  biotite is the first mineral to fuse. In  preparing 
the powder of 2 a for analysis, the larger fragments  of quartz and 
felspar were probably rejected (at  least, that  was my own procedure) ; 
but  no biotite was rejected with them, hence the enrichment of 
the base in the constituents of biotite. 

All three analyses fall, in the quantitat ive classification, into 
lassenose (I,  4, 2, 4 ) - - a  group containing many plagioclase-granites 
and dacites. 

The conclusion to which my re-examination of the rocks, coupled 
with Mr. Page's analysis, had already led me is, therefore, com- 
pletely confirmed by Dr. Harwood's work. T h e  p s e u d o t a c h y -  
l y t e  ha s  o r i g i n a t e d  f r o m  t h e  g r a n i t e  i t s e l f  t h r o u g h  
m e l t i n g ,  c a u s e d  (as I h a v e  s h o w n )  n o t  by  s h e a r i n g  b u t  
by  s h o c k ,  or, a l t e r n a t i v e l y ,  by  g a s - f l u x i n g .  

I wish to offer my warmest thanks to Dr. Harwood for his 
kindness in perfoi~ning the  above analyses, and thus enabling the 
investigation of these remarkable rocks to be completed ; and also 
to Dr. Hohnes for so kindly interesting himself in the matter.  

EXPLANATION OF PLATES XVI-XIX. 

PLATE XVI. 

A large vein of pseudotachylyte exposed in a cutting made for one of the 
piers of the new bridge below Parijs (Orange Free State). 

PLATE XVII. 

Fig. 1.  A vein coming up vertically, turning over to a nearly horizontal plane, 
and thhining out. Thickness of the vein-----about 6 inches in the 
middle of the photograph. Exposed in a cutting at the bridge. 
(The detail of the blind end of this vein is shown in text-figure 8, 
p. 2O3.) 

2. A boulder from one of the large veins, thrown out during blasting 
operations at the weir, above Parijs: shows rounded floaters of 
granite and gneiss. A foot-rule has been placed alongside, in order 
to give the scale. 

PLATE XVIII. 

Fig. 1. Melted felspar at the margin of a vein. The clear white areas are 
quartz-grains. • 15 diameters. (See p. 207.) 

2. Section near the margin of a vein : it shows granite fragments being 
detached, apparently corroded, and floated away. X 15 diameters. 
(See p. 207.) 

PLATE XIX. 

Fig. 1. Margin of a vein, showing a plagioclase-crystal which has been broken 
but not sheared. Crossed nicols. • 15 diameters. (See p. 207.) 

2. Melted felspar at the margin of a vein. The clear colourless areas 
are quartz-grains. • 15 diameters. (See p. 207.) 

3. Pseudotachylyte with ground-mass of type 2, full of minute hornblende- 
prisms. J< 45 diameters. (See p. 206.) 
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Fig. 4. Spherulitie ground-mass, type 3. • 80 diameters. Crossed nieols. 
(See p. 206.) 

5. Ground-mass of felspar-mierolites, type 3. • 100 diameters. Crossed 
nieols. (See p. 206.) 

6. Flinty crush-rock from Flamink Vlakte (Namaqualand). • 15 dia- 
meters. (See p. 211.) 

DISCUSSION. 

Sir ,1 v'ruRo TEAl,I, considered that the paper was an important 
contribution tx) a most intcrestin~ and difficult subject. The facts 
had been very clearly described 1,v the Author. He (the speaker) 
had examined many specimens of"l l inty crush' from Scotland, and 
had been much puzzled to account for the phenomena. The bits 
of quartz and felspar wlfich often formed a large paff~ of the rock 
showed marked signs of crush and strain, while the dark nmtrix 
rarely exhibited any signs of crystallization. The flinty material 
occurred in thin veins which sometimes anastomoscd. He found 
it very difficult to understand how the material was produced, and 
how it came to be distributed in this way through the rock from 
which it was largely if not entirely produced. 

Mr. J. F. N. GREE~ said that, whatever might be the ease with 
the occurrences which had been quoted from India and other places 
outside South Africa, there did not appear to be any evidence for 
crushing in the description that had just been given. Except for 
the character of the country-rock, the macroscopic phenonmna were 
of a kind familiar to studctits of the volcanic areas of this country. 
He placed on the table two specimens from the Lake District 
showing, on a small scale, breceiation, comminution, blind veins, 
etc., closely resembling the photographs and drawings exhibited. 

Mr. E. GltEEN~,r drew attention to somc specimens and slides 
o f ' f l i n t y  crush-rock' from the Lewisian Gneiss of Scotland that 
were exhibited on the tM~le, and had been kindly lent by the 
Geological Survey. When he first met with these veins in the 
Loch Maree country, five-and-twenty years ago, he cert~tinly 
supposed that they could be nothing but igneous injections. Soon 
afterwards, howe~er,?,, on the other side of ' the lake,'he found that 
the same kind of material, appearing first as veins in almost 
uninjured gneiss, increased rapidly in quantity towards a powelJ/ul 
zone of crush near the lake-side, until, in "that zone, the gneiss was 
permeated by it in all directions. The dynamic origin o f  the 
material (already advocated by Dr. Clough) was here unquestion- 
able. One of the slides on the table showed microlithic structure 
in a vein-rock, another showed crushed gneiss of the lake-side zone 
breaking down and passing into ' f l in ty '  matter. 

Dr. A. HoL~t~s said that, having now heard the revised version 
of the Author's paper, he was still inclined to support the original 
suggestion that the pseudotachylyte veins were of igneous origin. 
The form of the intrusion could be paralleled in Mozambique, 
where the speaker had seen irregular veins of granulitie granite 
penetrating gneiss in an equally intricate fashion. I f  the pseudo- 
tachylyte were the result of crushing in sit~t, then every gradation 
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between fused material and mylonite ought to be represented. 
There did not appear to be such a gradation; while, on the other 
hand, there was abundant evidence tha t  the material had possessed 
u sufficiently high temperature to fuse the minerals of the invaded 
rocks. The question then arose : w l l y  had the black rock crystal- 
lized so badly ? One explanation might  lie in the assumption that  
the intrusion was feebly supplied with volatile fluxes; and such a 
condition would naturally arise if some deep-seated rock that  had 
previously crystallized and lost its tluxes, were again to be raised 
to its melting-point--by severe crushing, o'r rise of the geotherms, 
or any other cause. 

The Author stated, in the abstract of his paper, that  the compo- 
sition of the rock was practically that  of a granodiorite, and tha t  it  
might correspond to an averag e of the granite-types in which the 
veins occurred. The speaker said that  he could not agree with 
either of these statements, for the analysis showed about 10 per 
cent. of alkalies, with soda nearly twice as abundant as potash. The 
speaker suggested that, if the Author could have specimens of the 
pseudotachylyte and of the red and grey granites sent to England 
for analysis, the results could not fail to throw more light on the 
origin of this most puzzling of rocks. 

Dr. ,1. W. EvAns thought that  it  was clear, iu the majority of 
cases, that  the material of pseudotachylyte had been injected into 
the rock in a fluid or pasty condition, as the result of pressure at  
right angles to the general direction of injection. I t  did not 
appear to be derived from an extraneous magma, but at least in 
some cases, including that  described by the Author, the matrix had 
been in a molten state. I t  was doubtful whether the heat pro- 
duced by earth-movements was ever sufficient to cause an appreciable 
rise in temperature, and the speaker was inclined to attribute the 
melting to a regional rise in temperature which did not melt the 
granite because this had lost its magmatic water. The intrusive 
material may have been formed from a basic segregation, more 
easily fusible on account of the larger proportion of  iron and 
alkalies. Such segregations would in many cases determine planes 
of weakness in the rock. The breceiation of the granitic material 
included in the veins might, in some cases, be attributed to the 
forcible injection of the latter. 
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VEIN OF PSEUDOTACHYLYTE EXPOSED IN CUTTING 
aELOW PARIJS (0. F S.). 
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FIG. i .  VEIN OF PSEUOOTACHYLYTE NEAR PARIJS (O.E S.). 

S.J. $., Photo. 

FIG. 2. A BOULDER FROM ONE OF THE LARGE VEINS 
OF PSEUDOTACHYLYTE NEAR PARIJS. 

S.J.S.,Photo. s ,n , .  ~,o.O,-rby 
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S.J.S., Photo. Bemro6e, CoHo,, OePby. 

PSEUDOTACHYLYTE OF PAR'JS (0.F.S.). 
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