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I. INTRODUCTION. 

T HIS paper presents the results of an investigation of the granite 
composing the eastern part of Bodmin Moor, Cornwall, as mapped 

on Sheet no. 337 of the Geological Survey. The work was undertaken 
on the suggestion of Dr. J . W .  Evans, and comprised the field- and 
laboratory-work necessary for a detailed study of the petrology and 
tectonics of the area. 

The boundary of the granite, as mapped by the Geological Survey, 
has been retained, and also the distribution of the two main granite 
types ( 'coarse '  and ' f ine ' )  shown on the Survey map. The coarse 
granite, however, has been sub-divided into two varieties, and it has 
been found practicable to map the distribution of each (fig. 1). 

The killas inclusions in this granite have not hitherto been studied, 
and these have received due attention. Similarly, the minor intrusions 
described include some that have not been previously recorded. 

Bulk analyses of Bodmin ~[oor granites were lacking, and, as the 
investigation indicated the need of such analyses, representative types 
have been selected and analysed. 

II.  TH~ PREVALEXT ROCK-TY~ES. 

(a) T]~e granite types and their distribution. 

The Survey map (Sheet no. 337) distinguishes between two different 
varieties of granite, namely (1) an earlier ' coarse-grained granite ', and 
(2) a later 'fine-grained granite '. 

The results of the author's investigation establish the composite 
character of the coarser granite, which presents two varieties differing 
in chemical composition and petrographical characters. One of these 
varieties corresponds in detail with the standard coarse-grained granite 
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FIG. 1. Sketch-map of the  Bodmln Moor granite (eastern part).  
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described in the Memoir, and will be referred to, herein, as the ' Normal  
type '. The other variety, newer than the former, will be referred to as 
the ' Godaver tyTe'  ; the type-locality being in the region of the Godaver 
mines, just a little to the north of Harrow Bridge, east of the Fowey, 
where it was first noticed. The third type will be referred to as the 
'fine type ', after the Geological Survey. 

The distribution of the three types is shown on the map (fig. 1). 
The ' Normal type '  predominates, forming the whole of the eastern and 
southern parts of the area and some portions on the  north. I t  also 
forms some of the for-caps, ~ resting on the 'Godaver type ' ,  in the 
region where that reaches its maximum development. 

The ' Godaver type',  with the exception of an occurrence west of the 
Fowey, bordering the east and north of the ' fine granite ', is confined to 
the area between the Fowey and the Withey Brook and its northward 
extension. South of the typical area it appears on the flanks of the 
Smalleombe Tor, Newel Tor, and Hill Tor (all of which are capped by 
the '  Normal type '), and gradually falls in level towards the Siblyback 
Moor, where it eventually disappears. South of the main area it occurs 
again on the Craddoc Moor as dikes in the ~ Normal '  granite, e.g. in the 
Swit quarry. 

North of the three tors named above, as far as the norfh side of 
Halvana Moor, the whole area is made up exclusively of the 'Godaver 
type '. On the north-east of Halvana Moor, the ' Godaver type '  gradually 
dips beneath the Normal type, becoming finer-grained near the contact. 
O~l the slightly higher ground east of the small river, the Normal type 
is extensively injected by vein-like offshoots from the underground 
prolongations of the Godaver type beneath this area, and also by veins 
of quartz-tourmaline and quartz in large amounts. The Godaver type 
reappears again as a thin sill and vein injections in the Normal type in 
the region north of Fox Tor. 

From tlle characters described above it would appear that the Godaver 
type was intruded almost horizontally below the Normal type. The 
contact-surface or ' r o o f '  is practically horizontal towards the centre, 
e.g. Hill Tor, Trewint Tor, &c., but shows a gentle dip at the margins, 
e.g. Halvana Moor. Pseudo-bedding is parallel. 

The character of the intrusive 'fine grani te '  has been described in 
Memoirs 336 and 837. I t  may be added that this also shows intrusive 
relations to the Godaver type at its eastern and northern margins, where 

1 Cf. the occurrence on Dar~moor described by Dr. A. Brammall, Prec. Geol. 
Assoc., 1926, vol..37, pp, 262-264:. 



THE BODMIN MOOR GRANITE, CORNWALL.  289 

it sends vein-like offshoots and quartz-schorl veins into the Godaver 
type. 

The Normal granite is ]accolithic in relation to the country-rock, the 
pseudo-bedding showing a flat dip near the junction, while it is practi- 
cally horizontal elsewhere. 

MegaseoTiv characters of the three ty2es.--The Normal type is the 
coarsest in texture. Porphyritic orthoclase is abundant. Biotite and 
muscovite are present in almost equal proportions, and tourmaline also 
occurs. Quartz affords the most valuable guide to the identification of 
this type in the field ; it occurs in large granular patches more or less 
interstitially. 

The Godaver type is of medium grain and is also porphyritic, but its 
phenoerysts are less abundant than those of the Normal type. Pink 
orthoelase occasionally occurs iu the groundmass. Biotite is less, and 
tourmaline more, abundant than in the Normal type. A little purple 
mica, lithionite, may be detected in hand-specimens. I n  contrast to the 
Normal type, quartz generally shows a porphyritic habit ; it is more or 
less rounded, and does not appear granulated. The bleb-like character 
of the quartz is very characteristic. At its contact with the Normal 
type, the Godaver type has a finer texture, and may then resemble the 
' fine granite ' ; but it never shows any great amount of chill-effects, and 
rapidly regains a medium coarseness at a short distance from the contact, 
where it is coarser than the ' fine granite '  at its coarsest. 

The ' fine granite ', in addition to its fineness in grain, shows a few 
and very small porphyritic crystals of orthoclase, which sometimes vanish 
completely. ' The usual absence of the large quartz grains that are 
persistently present in the main i n t r u s i o n . . . '  1 is also a remarkable 
feature. The amount of biotite is less and that of tourmaline more, 
than in the earlier types. 

(b) Minor intrusions and mineral veins. 

Each of these major igneous intrusions was followed by a suite of 
minor intrusions through fissures newly opened in them as they gradually 
cooled and consolidated. They occur in dikes, sills, and thin veins, and 
present many varieties, representative of an undifferentiated granite 
magma on the one hand, and its differentiated fractions, both leucocratie 
and melanocratic, on the other. I n  addition, there occur also mineral 

a Geol. Survey Sheet Memoir, no. 887 (The geology of the country around 
Tavistoek and Launeeston), 1911, p. 70. 
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veins, e.g. quartz-tourmaline veins, and quartz-veins, joint-plane crusts 
of fluorite, and metalliferous lodes. 

The intrusive history may be summarized thus : 
1. Intrusion of the Normal granite, followed by quartz-tourmaline veins, 

and then by 
(a t Pegmatites and melanoeratic veins, 
(b) Aplites, 
(c) Quartz-tourmaline veins, quartz veins. 

2. Intrusion of the Godaver granite, followed by quartz-tourmaline and 
quartz veins. 

3. Intrusion of the trine granite', followed by quartz-tourmaline and 
quartz veins. 

4. :Elvan dikes, followed by quartz-tourraaline and quartz veins. 
5. Metalliferous lodes, followed by quartz-tourmaline and quartz veins. 

(i t Undifferentiated Type of Minor Intrusion.--The rocks of the 
undifferentiated type, which are the commonest and occur chiefly as 
dikes, belong to the granite- and quartz-porphyry families, with the 
usual characters. They are locally known as 'elvans'. They follow 
the 'fine granite'. Their trend is roughly E.N.E. to E.-W., parallel 
with the mineral veins and lodes and to one of the major joints of the 
granite. A feature in connexion with many of these dikes is the large 
development of cubical crystals of pyrites, especially near the margins, 
embedded in the felsitic groundmass. Jointing is well-developed, often 
in three or more systems, which divide the rock into rhombohedral 
blocks. 

(it t Differentiated Types.--Turning to the differentiated types, we find 
pegmatites and highly felspathie veins (both of coarse texture t, with 
aplites and melanocratic veins (both fine-grainedt, the latter very rich in 
biotite and plagioclase. The differentiated minor intrusions, with the 
exception of mineral veins and lodes, are associated with the :Normal 
granite only and are pre-Godaver. 

1. Pegmatites and ['elszvathie veins. 

These occur generally as irregular and lenticular pocket-infillings of 
no great extent in the body of the main granite ; the longest axis lies 
more or less on the horizontal plane. They are sometimes crossed by 
surfaces of the pseudo-bedding in continuity with those of the granite 
(e.g. at Notter Tor, upper quarry). They are very coarse-grained, with 
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large felspars, quartz, muscovite flakes, and tourmaline crystals. They 
sometimes occur as horizontal, sill-like sheets, and as narrow, more or 
less vertical dikes along the roughly east and west joint-planes of the 
granite. The rock of the dike is medium-grained, but coarser than the 
granite, that of the sill is coarser still. I n  some cases, the enclosing 
granite becomes mineralized near the contact. 

2. Melanocrativ Di~erentiates. 

The melanocratic differentiates sometimes occur associated with the 
lenticular poeket-infillings of the pegmatitie material as thin films 
forming, in part at least, the external boundary of the pocket and then 
passing into the granite itself as a narrow and very irregular vein. I 

Similar differentiates may also be found in the granite without any 
apparent connexion with the pegmatitic material, and show the same 
irregular habit. Thus, from a horizontal position along the pseudo- 
bedding of the granite, the rock may suddenly pass upwards through the 
granite in a deviating fashion with repeated minor velnings at all levels. 

Small lentieular patches of this material may be Jbund in the near 
neighbourhood of the veins, sometimes connected with them by minor 
veins. This connexion is not apparent in other cases, and the patches 
in consequence appear as a sort of segregation product. These are fine- 
textured, with porphyritic plagioelase and quartz and a large amount of 
biotite embedded in a bluish, even-grained groundmass. The biotite 
usually shows a handed arrangement. Andalusite is abundant. 

3. Aplites. 

These have been observed mainly in the Kilmar, Hawk's, and Tre- 
wartha Tors along the southerly-dipping E.~.E.  joint-planes. A smaller 
number also occur in the other set of main joints. These are never 

1 Here perhaps we have an instance of rock-differentiation on a small scale. 
As the consolidation of the main body of the rock continued, there continued 
to collect in these pockets the remaining ' liquor', which had a high content 
of fluxes promoting crystallization. The liquor was, however, contaminated : 
andalusite, collected below and marginally, by interaction with the residual 
liquor, precipitated a large amount of plagioclase and biotite (see p. 804:), 
and gave rise to the melanoeratic rock (which still contains a large amount of 
andalusite) ; while the body (Of the fluid~ being freed from the ferromagnesian 
and a large amount of more basic plagioclase content in this way, crystallized 
out as a perfectly leucocratic rock with orthoelase and albite as its dominant 
felspathic constituents. 
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thick, varying generally from 2 to 9 inches in breadth. They are always 
fine-textured and even-grained ; they are light greyish-white in hand- 
specimens, showing a certain amount of light-coloured schorl and 
occasionally small flakes of muscovite. The aplites do not show any 
chilling at the margin, but, on the contrary, have been seen to grow 
a little coarser in some cases, though this marginal facies never attains 
the coarseness of a pegmatite, as in the Dartmoor granite. 1 

4. Mineral Veins and Zodes. 

The mineral veins, viz. quartz-tourmaline, quartz, and fluorite veins, 
occur along the joint-planes of the granite and elvans, and also as 
abundant offshoots at the contact regions of the various granite types. 
They followed every one of the major and minor intrusions. The lodes 
appear as the last phase of igneous activity, and are found to cut through 
all the granites and elvans. These were also followed by quartz- 
tourmaline and quartz veins. 

I l I .  GErminAL M~Cl~OSCOPmAL CHAI~XCTEIt. 

(a) The Normal Granite Type.--This type is very coarse-grained, with 
a large development of porphyritic crystals of microeline and orthoclase. 
None of the constituent minerals, except accessories, present well-defined 
crystal outlines. Even the porphyritic mieroeline and orthoclase show 
a rugged and resorbed margin, and there is almost always a narrow and 
irregular growth of plagioclase along the margin partly or almost com- 
pletely surrounding the crystals. These plagioclase strips (albite, albite- 
oligoclase) may be composed of several small crystals ; sometimes, indi- 
vidual crystals of fairly large size are also met with. Orthoclase and 
microcline also occur in the groundmass in irregular plates. The 
plagioelase is a little more idiomorphic, the smaller ones still more so. 
Coarse patches of granulitic quartz are usual and the boundaries are the 
least defined. The individual patches are composed of a large number 
of smaller individuals with interlocking and sutured boundaries. 2 

Biotite and muscovite are present almost in equal amounts, and are 
very often intergrown. Pleochroic haloes are abundant, especially in 
the former. Tourmaline is invariably present. Cassiterite, iron-ores 
(titaniferous or not), apatite, arc very usual accessories; andalusite is 

A. Brammall, loe. eR. 
2 Cf. W. A. Richardson, A micrometrie study of the St. Austell granite. 

Quart. Journ. Geol. Soe., 1923, vol. 79, p. 553. 
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a very characteristic accessory ; corundum and zircon are not uncommon. 
These three minerals occur generally as inclusions in micas and felspars ; 
but  andalusite also occurs as an independent mineral. Topaz and fluorite 
are rarely present except in pneumatolysed varieties. 

Sharp~Tor Yotter Tot Sub-Type.--While predominance of potash- 
felspars over the plagioclase, and coarseness of grain of the groundmass 
in the Normal granite type, hold as a general rule, an exception in both 
these respects has been noticed in the case of tile rocks of the Sharp Tor 
and Notter Tor areas. The mineral character and the texture, presenting 
several departures from the standard type, are noted below. 

The potash-felsp~rs are heav~Iy charged with perthltic intergrowths. 
They also contain small inclusions of plagioclase as usual. The cross- 
hatching of microcline is on a very delicate scale and may disappear 
fi'om a part  of the crystal altogether. 1 The boundary of these felspars is 
exceedingly irregular and corroded, with large marginal deposition of 
plagioclase (albite-ollgoclase). Some of the phenocrysts are irregularly 
cracked, often giving rise to wide interspaees (due evidently to melting 
under conditions of dlsturbed equilibrium), the infilling of which is 
exclusively plagioclase in subhedral plates, and rather narrow and 
elongated tablets. A considerable amount of the potash-felspars seems 
to have been removed in this way to make room for so much plagioclase ; 
sometimes, only a very narrow strip of the original microcline is left as 
a relic among the growths of later plagioclase. 

The smaller crystals of mlcrocline and orthoclase in the groundmass 
also show the border zone of p]agioclase--a fact never observed except 
in this type. These phenomena are perhaps somewhat akin to albitiza- 
tion, and there is, on the whole, a preponderance of plagioclase over 
potash-felspars. The proportion of K20 : Na20 (4.26 : 4.31) when com- 
pared with that of the usual types (5"5:8.5, on the average), is also 
marked with a s tr iking variation. (Vide Chemical Analyses 1, 2, & 8, 
p. 307). 

While the rock is coarse-gr~ined on the whole, there has been noticed 
a very delicate lace-like structure, in places as a groundmass, sometimes 
as a fringe to the larger constituents, and somewhat resembling 
'myrmeki te  strueLure'3 I n  this ease i~ consists, however, of slender 
rods and grains of clear orthoclase intergrown with vermicular and 
wart-like grains of quartz. Some of the muscovite plates ophitically 

This implies a large conten~ of soda : J. p. Iddings, Rock Minerals, 1911, 
p. 235. 

2 j .  j .  Sederholm, Bull. Comm. G6ol. Finlande, 1916, no. 48, p. 63. 
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enclose s lender  orthoclase laths.  Shreds  of b iot i te  are also p resen t  in  

the  g roundmass ;  they  belong to a l a t e r  s tage t h a n  la rge  f l a k e s - - t h e  

usual  h a b i t  of the  mineral .  

The  rock presents  ano the r  pecu l i a r i t y  ; i t  is crossed by  t h in  veins of 

clear  orthoclase resembl ing  in  p u r i t y  t h a t  in  the  g ranophyr ic  groundmass.  

These t raverse  ear l ier  formed potash- fe lspars  and  plagioclase and  cons!st 

of a sub -g ranu la r  aggrega te  of clear  orthoclase crystals ,  w i th  t w i n n i n g  

r a r e ly  developed. I n  places, these  are crowded w i t h  needles  of blue 

tourmal ine .  A p a t i t e  is ve ry  often associated w i t h  these  veins.  

These rocks have  been considerably in jected b y  tourmal ine  veins 

t o w a r d s  the  l a t e r  stages of  consolidat ion,  and  in connex ion  w i t h  t hem 

there  has  been a development  of  small  needles and  gra ins  of tou rmal ine  

in the  g ranophyr ic  groundm~lss. Some sections, cu t  pe rpend icu la r  to 

the  vein ,  show u n d e r  the microscope the  deve lopment  of tourmal ine  

on one side of the  vein only, while  the  o the r  hal f  of the  rock is qui te  

unaffected. 

(i) Microscopical Characters of Individual Minerals. 

Mieroeline is generally fresh and clear as opposed to plagioclase. Carlsbad- 
twinning is often present in addition to the  usual cross-hatching. The latter 
type of twinning is sometimes on a very delicate scale and may disappear from 
a part  of the crystal altogether. The porphyritic felspars specially are largely 
perthitic. There are also, in addition, inclusions of twinned and zoned plagio- 
clase crystals, generally of tabular habi t  with good crystal outlines; also of 
elongated narrow prisms, sometimes along the composition-plane of the twin 
itselL These may also exhibit a tendency to occur zonally; in a few observed 
cases, four or five alternate zones could be made out. Thus in one case, the 
core is formed of a Carlsbad-twin of microcline, followed and surrounded on all 
sides by a narrow zone of small crystals of plagioclase; then follows another 
wider zone of microcline in reversed orientation relative to the core. This is 
again followed by a less definite zone of plagioclase, and then by microcline in 
reversed orientation relative to the nearest zone (Plate VI. fig. 1). The later  
zones are very much interrupted by the intergrowth of plagioclase with irregular 
boundaries and large flakes of mica (muscovite), some of the latter with  
inclusions of microcline in optical continuity with the phenoeryst of microeline 
itself. Some of the included plagioelases may show nei ther  zoning nor twin- 
ning, but are marked by undulatory extinction (.ganorthoclase). The included 
plagiocIases themselves may carry inclusions of idiomorphic biotite. 

Inclusions of quartz are also present. They may be quite irregular in shape, 
occurring throughout the whole mass of the crystal ; or they may occur as 
numerous rounded grains at the border zone and optically continuous among 
themselves. 

Phenocrysts are often cracked and filled with later minerals. There is often 
a zone of spongy and fibrous muscovite fringing the contact of the phenocrysts 
with plates of muscovite (Plate VI, fig. 1). 
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Orthoclase is p resent  in far greater  abundance  t h a n  microcl ine and  also p re sen t s  
the  above characters.  

Plagiodase is genera l ly  t u rb id  wi th  decomposi t ion products.  W h e n  zoned~ the  
cen t re  is a lways more  decomposed t h a n  t he  exterior .  E v e n  w h e n  p resen t  as 
inc lus ions  in t he  porphyr i t i c  potash-felspars~ these  characters  se ldom fail. The  
resul ts  of ~he cleavage f r agmen t  tests,  s upp l emen t ed  by  t he  ex t inc t ion-angle  
m e t h o d  are recorded below : 

Relat ive n of Orients-  Ext .  Corn- 
felspar f ragments .  Medium used. t ion. angle,  position. Remarks .  

(i) n >Clove  oil (010) - 9  ~ Absg&n41 Not very  
f requen t .  

Clove Oil (010) and  
(ii) n.  >Chlo r -benzene  (001) 0 ~ AbToAn~0 Frequent .  

Albite-  Very  
(iii) n >Chlor-benzene~Cl~ Oil (010) +(12-15)~ Oligoclase f requent .  

T h u s  among  the  plagioelases, t he re  is a preponderance  of oligoclase over 
albite, t he  la t te r  occurr ing genera l ly  as a marg ina l  zone to the  more  basic 
species, o l igoc lase-medium andes ine  (Ab59An41). The preponderance  of oligo- 
clase ha s  been noted  by Flet t  as one of the  special and  d i s t i ngu i sh ing  features  
of  t he  Bodmin  Moor granites ,  t he  felspars of o ther  Corn ish  g ran i tes  being 
genera l ly  of  a more  acid type. 1 

Plagioclase m a y  carry  inclus ions  of o ther  ear ly  mine ra l s  in addit ion to quar tz  
grains .  The la t te r  somet imes  occur as i nnumerab l e  rounded  blebs at  t he  
pe r iphe ry  7 and  these  blebs are in  optical con t inu i ty  among  themse lves .  

Micas and Tourmaline. W h a t  has  already been noted about muscovi te  and  
t ou rma l ine  in the  St. Aus te l l  g rani te  by Flet t  2 and  Richardson3~ regard ing  
t he i r  long cont inued  period of crystal l izat ion,  applies very largely to biotite also 
i n  th i s  par t  of Bodmin  Moor. This  p h e n o m e n o n  has  been referred to t he  act ion 
of gases such as hydrogen~ fluorine, and  boric acid. ~ 

Thus  as inclusions7 biotite m a y  carry  no t  on ly  the  earl ier  mine ra l s  (ores~ 
apa~it% and  secondary  rut i le  in a l tered variet ies)  bu t  also felspar and  quartz.  
Somet imes ,  a s ingle g ra in  of apat i te  m a y  serve as a nuc leus  for both  mica  and  
plagioclas% being par t ia l ly  enclosed in  both  ; also w h e n  micas  segregate,  
c rys ta ls  of plagioclase m a y  serve as nuclei.  Smal l  bu~ idiomorphic crys ta ls  of 
bioti te occur as inc lus ions  in  plagioc]ase. These  facts sugges t  t ha t  biotite 
s tar ted to crystall ize before the  plagioclase, b u t  t ha t  i ts  crystal l izat ion-period 
covered tha t  of plagioclase and  orthoclase and  overlapped tha t  of quartz .  

Quartz genera l ly  occurs in patches  of r a the r  large size~ and  being as a ru le  the  
last  product  of crystal l izat ion,  id iomorph i sm is practically want ing .  These  
large patches,  however  (as noted by Richardson  in  some variet ies  of St. Aus t e l l  
granites)7 are resolved microscopical ly  into aggregates of smal le r  c rys ta l s  in ter-  
locked w i th  one ano the r  along su tured  boundaries .  Undu lose  ext inct ion and  
cataclast ic s t ruc tures  are a genera l  feature.  There  is often a deve lopment  of 
two sys t ems  of cracks rough ly  at  r igh t  angles  to each other~ noted  also by 
Richardson  and  referred by h i m  to imperfect  rhombohedra l  cleavage of t he  

1 j .  S. Flet t ,  Geol. Survey  Sheet  Memoirs,  335 ; 3367 p. 54. 
2 j .  S. Fle t t ,  Geol. Survey Sheet  Memoir~ 347, pp. 587 59. 
s W.  A. Richardson,  Quart .  Journ .  Geol. Soc., 1923, vol. 79, p. 565. 
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mineral. Sometimes one set only may be developed ; when viewed under 
crossed nicols, extremely fine twin-like striations may sometimes be observed. 
This feature has been noticed also by Franchi 1 in the Ligurian granites, Italy. 
According to Rosenbusch ~ these may perhaps be twin-lamellae produced by 
strain. 

Accessory minerals will be referred to in a later section (p. 307). 

(it) Order of Crystallization.--With slight variations,  the sequence 

described by F le t t  in the case of the minerals  of the St. Austell grani te  

holds good for this area also. Here  apat i te  seems to be dis t inct ly  later 

than zircon and ores, as the la t te r  are found to be included in the former 

either part ial ly or completely. Biot i te  in the St. Austel l  grani te  had 

a more or less definite period of crystallization, but  here it  falls in the 
same category as tourmaline and muscovite : the two la t ter  exhibi t  the 

same tendencies in both places regarding their  overlapping periods of 

crystall ization. Felspars and quartz  belong very largely to the normal 

order of appearance. S(lmmarizlng, the sequence of crystallization 

appears to have been as follows : - - O r e s  and Zircon; Apa t i t e ;  Andalusi te;  
Bioti te and Tourmaline ; ~uscov i te  ; Plagioelase ; Orthoclase and Micro- 

cline ; Quartz.  

(b) The'Godaver Granite ~ TyTe.- -While  the mineral assemblage in 

this type is pract ical ly the same as in the ' N o r m a l '  type, and in a 

general  way reproduces the same features under the microscope, there 
are a few dist inguishing features worth noting : 

(1) The proportion of biotite is decidedly smaller, and 
(2) A little lithionite mica, purple-brown to light purple in colour, is present. 
(8) There is a larger development of tourmaline. 
(4) The plagioclase is more acid, not exceeding oligoclase in basieity. The 

oligoclase occurs as small cores, often cloudy in appearance, surrounded by 
a clear zone of albite. 

(5) Quartz presents the most important variation. It  has all the aspects of 
a porphyritic crystal. It  forms large crystals more or less rounded at the 
margin and scarcely presents the appearance of the large, ill-defined, patches of 
granular quartz of the Normal type. The quartz of the second generation is not 
idiomorphio. It  may occur as an idiomorphic inclusion in felspars. 

(6) The rock is also finer in grain than the Normal granite. 

In  additiotl to tim usual type, there are certain sill-like intrusions into 

the Normal  type, which have been regarded as offshoots of the Godaver 

granite.  These may be conveniently dealt  with in this connexion. 
They are granite-porphyries,  nmch finer in tex ture  than the typical 

Godaver granite, but  they never show a chilled or felsitic selvage even at 

the contact, as the elvans and dikes of later  ages so often do. At  the 

1 S. Franchi, Boll. R. Com. Geol. Italia, 1893, no. 43. 
2 H. Rosenbusch, Mikroskopische Physiographie, 1907, vol. 2, p. 41. 
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a c t u a l  con tac t ,  t h e y  a r e  a l i t t l e  f iner  b u t  r e g a i n  t h e i r  m e d i u m  t e x t u r e  

w i t h i n  a v e r y  s h o r t  d i s t ance .  

They  con ta in  porphyr i t ic  microcline,  orthoclase, and  quartz  as in  the  m a i n  
mass  ; and  muscovi te  and  biotite showing  the  usua l  characters.  Tourmal ine  of 
u sua l  hab i t  is p resen t  ; in  addit ion,  a large deve lopment  of t ou rma l ine  occurs 
as gra ins  a n d  needles  in the  g roundmass .  T hey  show a fail" deve lopment  of 
topaz, an  u n u s u a l  minera l  in  the i r  p lu tonie  representat ives.  This  is pe rhaps  
connected w i th  ' au to -pneumato lys i s  '. 

(c) The ' F i n e  Granite ' . - - I n  t h i s  type ,  t h e  a m o u n t  o f  p o r p h y r i t i c  

o r t h o c l a s e  h a s  m a r k e d l y  d i m i n i s h e d ,  a n d  m i c r o c l i n e  is v e r y  r a re .  T h e  

t e x t u r e  is  m u c h  f iner .  T h e  g e n e r a l  g r o u n d m a s s  is h y p i d i o m o r p h i c  a n d  

m o r e  or  less  e q u l g r a n u l a r - - e x c e p t l n g  sma l l  local  d e v e l o p m e n t s  of  s l e n d e r  

q u a r t z  a n d  o r thoc ]a se  in  fine g r a n o p h y r i e  i n t e r g r o w t h s .  A few p e c u -  

l i a r i t i e s  ave no t ed  b e l o w :  

Orthoelase. The phenocrys t s  show per th i t ic  in te rgrowths ,  which ,  however~ 
va ry  considerably in th ickness  f rom place to place. G r o u n d m a s s  orthoclase is 
no t  per th i t ic .  

Plagioelase d imin i she s  in basicity.  01igoclase is m u c h  smal le r  in  amount~ the  
average ext inc t ion  on (010) cleavage f r agmen t s  varies from + 11 ~ to + 14 ~ ; t he  
composi t ion is be tween  AbssAnl~-Abg0Anlo. The plagioelase tablets  are often 
notched by n u m e r o u s  i r regular  g rowths  of quar tz  of e longated and  bulg ing  
shape.  Tlaese m a y  be confined to a smal l  par t  of the  border zone only,  or m a y  
pene t ra te  far towards  the  in ter ior  of the  crystal ,  leaving only  a smal l  core 
una t tacked .  These  quar tz  g ra ins  are optical ly con t inuous  and  resemble  a 
g ranophyr ie  in te rgrowth .  

Quartz. Crysta ls  are never  larg% as in  the  first two types of grani te .  I t  m a y  
never the less  show cataclastic s t ruc tures  and  compose a rough mosaic. 

Tourmali~e is m u c h  larger in  a m o u n t  t h a n  in  the  earl ier  types ; in  common  
wi th  t ha t  of o ther  cons t i tuen ts ,  i ts  coarseness also d imin ishes .  I n  cont ras t  w i th  
t ou rma l ine  of the  earl ier  types,  it  t ends  to be idiomorphic ,  and  is earl ier  t h a n  
biotite~ being found as id iomorphie  inc lus ions  in the  la t te r  and  in muscovi te .  
I t  m a y  also occur as an  inc lus ion  in  felspars ,  and  par t ia l ly  in  topaz also. 

Biotile and Muscovite. The former  is smal le r  in  a m o u n t  t h a n  in  t he  earl ier  
types.  The  two mine ra l s  p resen t  the  same features  as in the  ma in  in t rus ions .  
I n  the  case of biotite, t he  overlap in  the  period of crystal l izat ion is even more  
emphas ized  t h a n  before. Flakes of  biotite m a y  occur as a sort  of ma t r i x  in  t he  
interspaces  between crystals  of quar tz  and  felspar. I t  m a y  carry inc lus ions  of 
quartz.  I n  muscovite ,  both quar tz  and  orthoclase occur as inclusions.  

Topaz has  no t  been found as a no rma l  cons t i t uen t  in the  earl ier  types.  Here,  
however,  i ts  occurrence is ve ry  common.  I t  occurs as flat, r ec tangula r  tablets ,  
par t ia l ly  or a lmost  complete ly  enclosing id iomorphic  t ou rma l ine  and p re sen t ing  
qui te  a sha rp  boundary  to felspar  and  quar tz .  Pr ism-faces are well-developed ; 
cleavage is no t  very  sharp.  

Andalusite is very  smal l  in  a m o u n t  and  occurs as an  inc lus ion  only. I t  h a d  
h i the r to  been regarded as absen t  fi 'om th i s  par t icular  rock. Heavy  residues,  
however,  yield the  mineral .  Th i s  marked  d i m i n u t i o n  of anda lus i te  is a depar- 
ture  from the  usual  charac ter  of the  rocks of B odmi n  Moor. 
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In  connexion with the diminution of andalusite and the corresponding 
frequency of topaz with a consequent higher fluorine-content, as borne out by 
chemical analysis as well, it is interesting to recall Flett 's contention regarding 
the relationship of the two minerals. 1 

(d) A21ite Vein.--Typieally in te rgranular  in texture,  and composed of 
rectangular  plagioc]ase tablets,  often meet ing at an angle, the augu]ar 

interspaces being composed of granular  quartz,  i r regular ly  formed 

felspars, and other  constituents.  Orthoclase is also present and may 

carry inclusions of quartz. Quar tz  is i r regular  in outl ine and often 

shows eataclastie structut'es, specially marginally.  Both bioti te and 

muscovite are present, usually as an in te rgrowth  of very small flakes. 

They are very  subordinate. Tourmaline, in subordinate amouat, occurs 

as grains and slender rods. When included in quartz  and felspar, i t  is 

greenish;  in felspars, such inclusions are often arranged parallel to 

thei r  elongation. When not an inclusion, the tourmaline forms yellow- 

brown crystals, with or wi thout  blue cores, the crystals beiz~g stouter 

and idiomorphism less marked.  

(e) Melanocratic Differentiate.--The t ex tu re  is porphyri t ic ,  the porphy-  

r i t ic  constituents be ing :  
Quartz. Outline rounded ; often cracked or broken up ; inclusions of biotite 

present. 
Plagioclase. Large, zoned crystals with altered cores and inclusions of quartz, 

biotite, &c. Twinning and cleavage ill-developed. The groundmass plagioclase 
may be twinned ; zoning is not well-developed, but cleavage is usually distinct. 
The crystals are smaller in size but more numerous than those of ortheclase. 
The latter is very fresh, and untwinned ; cleavage is distinct. 

Biotite. In  large jagged flakes showing numerous pleochroic haloes. I t  may 
tend to form aggregates, or may be intergrown with muscovite. I t  never shows 
rectilinear outlines, and it encloses quartz grains, felspar, &c., partly or com- 
pletely. The biotite is more abundant than in the granites. 

Muscovite. Small in amount but forming large flakes intergrown with biotite. 
When ending against orthoclase, the flakes are fringed. 

Predominat ing accessory minerals are : 
Andalusite, Plentiful ; as grains or laths, marginally altering to white mica. 

l~Iarginal zones are eolourless ; central zones violet or colourless. 
Iron-ores. 

IV.  ALT]SR~D FACIES o~ ~H~ G~A~I'r]~s. 

(a) Hydrothermal and Pneumatolytic alteration of the Granites.- 
Alte red  facies of the granites have been observed chiefly wi th  mineral i -  

zation and with  the intrusion of later  into earlier grani te- types.  Three 
main phases are distinguished : 

1. Hydrothermal--genera]]y connected with  the formation of t i n -  
bearing veins. 

i Geol. Survey Sheet ]~emoir, 347, p. 58. 
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2. ~'luorltization and Topasization--with the development  of secondary 

mica, fluorite, and topaz. 

3. Tourmalinization. 
The three phases general ly  occur together ,  the  different pneumatolyt ic  

agents  having  apparen t ly  acted th rough  the  same channels. Thus 

cassiterite,  fluorite, topaz, and tourmaline may be associated together  in 

the  al tered g r a n i t e - - t h e  first  being, however,  of somewhat  res t r ic ted  

occurrence. 

A few cases have been observed in which a l tera t ion,  though referred 

to one or other  of these alteration-processes,  has yielded the  products  of 

the  o ther  processes in ve ry  small smounts.  Such cases serve to indicate  

the sequence of the processes l isted above. 

Hydrothermal Phases.--Slide 179 shows the characteristic features: Slight 
development of secondary tourmaline and quartz ; the clouding of felspars with 
opaque decomposition products--plagioelase being much more affected than 
orthoclase and often stained with ehloritie matter. Biotite passes into radiat- 
ing fan-shaped aggregates of green chlorite, often zoned, the centre being 
brownish, intimately associated with cassiterite. Cassiterite may be granular 
and brownish-red, or may show a rectangular habit, and may be zoned. Long 
prisms of steel-grey colour have also been noticed. I t  may also occur as 
small needles included in secondary quartz and arranged parallel to the 
dihexahedral prism, faces. Apatite is often associated with the chlorite. 
Secondary tourmaline may surround cassiterite and may ' e a t '  its way into 
biotite. 

t'tuoritizatir and Topasization. In  connexion with the development o.f topaz, 
felspar is ]~ighly sericitized, and biotite is bleached. Topaz may be attended by 
a little cassiterite and fan-shaped aggregates of bleached biotite. Tourmaline 
may be present, surrounding grains of topaz and cassiterite. During fluoritiza- 
tion, biotite does not seem to be affected, nor is felspar. When topaz develops 
in addition to fluorite, both biotite and felspars are altered. I t  is possible that 
this mode of alteration of biotite during topasization may be due to the action 
of fluorine in the presence of the (--OH) radicle, and that  fluorine has no such 
potency when acting alone, as in the development of fluorite. 

Tourmalinization does not alter either the form or colour of biotite, but often 
eats into it as well as into the plagioclase-felspars. Secondary quartz is almost 
always associated with this type of change, and carries abundant needles and 
grains of tourmaline. This type of alteration is generally confined to very 
narrow zones of the granite alongside the tourmaline-vein itself. The first twO) 
modes of alteration usually penetrate a little farther into the interior of the 
granite, as iri similar occurrences ir~ Scilly, where ~ .". .  peach-veins are often 
seen to be fringed with a thin band of granite altered to greisen.' 1 

(b) PneumatolyslsT-a contact 2henoraenon associated with the rater 
intrusive members of the sequeT~ce.--A.n earlier g ran i te  at i ts  contact  wi th  

ei ther  of the later  types  shows fan-shaped bleached biot i te-aggregates ,  

1 Geol. Survey Sheet ~Iem. 335, 336, p. 57. 
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and large crystals of secondary topaz associated with sericitlzed felspar. 
The later granite shows these peculiarities and, in addition, a large 
development of idiomorphic groundmass-tourmaline, forming a matrix 
surrounding the phenocrysts of quartz and felspar. The amount of 
tourmaline is much larger near the contact. 

Though the earlier rock has been affected by fluorine (with iopasiza- 
tion as a result) it is quite unaffected by tourmalinization: it shows no 
fresh development of tourmaline. The later granite near the junction 
is traversed by thin veins of quartz, sometimes containing small schorl 
needles. These veins cut through all the earlier crystals and are more 
or less at right angles to the contact-surface of the two granites. These 
phenomena are very well seen in thin sections across the actual junctions 
of the two rocks. 

(c) Su2erficiat Alteration.--Agencies of weathering have acted on the 
granite producing wide-spread decomposition and kaolinization, super- 
ficially. The deep and workable deposits of china-clay, which are of 
limited occurrence in this area, are probahly attributable to the action 
of carbonic acid and water emitted during the paulo-post singe of con- 
solidation of the granite. 

In this connexion, may be mentioned the alteration of granite beneath 
the high-level peat on the uplands. Under the peat occurs a thin layer 
of white soil about an inch in thickness, passing downwards into slightly 
disintegrated granite and thence into the solid rock. Analysis of a 
sample of this disintegrated granite taken beneath its soil-cover under 
9 inches of peat, shows that the F%O~-content is reduced to an equivalent 
of FeO, with a little gain in moisture, a trace of CO~ also being detected 
(vide chemical snalysis, p. 307). This may be a distinct kind of altera- 
tion, having nothing to do with the production of extensive kaolin- 
deposits, for Blanck and Rieser i have shown that kaolin does not result 
from the decomposition of granite under peat. 

V. l~cLuslo~s. 

The following table simws the various types of inclusions, classified 
according to their modes of origin and present distribution : 

A. Sediraent~ry : 

I. Hornfelses in Normal and Godaver granites; plentiful in the 
Normal granite. 

I E. Blanck and A. l~ieser~ Chemie der Erde~ 1925~ vol. 2~ 15. [Min. Abstr.~ 
vol. 8, p. 41.] 
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B. Igneous : 
2. Melanocratic differentiates in the Normal granite. 
3. Leucocratic differentiates, highlyfelspathie,intheNormal granite. 
4. Micaceous segregations, in ovoid spots, around apatlte and 

corundum grains. 
5. Xenocrysts (pegmatitic felspars only) of Normal granite in 

dikes of Godaver granite. 
6. Blocks of Normal in Godaver and Fine granites. 
7. Fragments of 1Wo. 2 (above)in Godaver granite. 

Although all the above types have been studled, the sedimentary 
xenoliths (no. 1, above) alone will be dealt with in detail in the following 
pages, as they present the most interesting features. 

Hornfelsed (sedimentary) Inclusions. 

(a) Megascopic Charavter.--Hornfelscs occur throughout the granites, 
specially in the ~ormal  type. In  general, they are dark-brown in 
colour, and are of finer texture than the granite. The usual colour is 
of course due to the preponderance of biotite. In hand-specimens they 
may present a schistose appearance--alternate bands being made up of 
biotite on the one hand, and quartz and felspars on the other. Purple 
andalusite, though subordinate in amount, is also recognizable in the 
common types. 

In  addition to the prevalent type (biotite-hornfels) other varieties also 
occur, e.g.~ inclusions which are pulole in colour and are made up 
chiefly of andalusite; and greenlsh-blue aggregates of sillimanite and 
corundum. Such types are, however~ very scarce. 

]~ridging the gap between these extreme types, occur inclusions of 
hornfelsed killas, rich in biotite elmlosing porphyroblastic sillimanite 
and corundum or andalusite in a lenticular fashion. With  a gradual 
increase in the amount of biotite and a decrease in o~her constituents, 
these pass into the normal biotite:hornfelses--the predominant types. 

Inclusions of the normal biotite-hornfelses are ovoid and vat'iable in 
size, though usually small (2 to 2.25 cm. along the greatest diameter). 
:Exceptionally large ones are of rare occurrence: the largest yet found 
has a diameter of 12 cm. In  the granite, immediately margining these 
inclusions, are distributed still smaller fragments of the same material, 
which point to the shattering and dispersal of relatively large masses by 
the magma. Microscopical examination of the granite samples taken at, 
and near, the junction of granite with inclusions always reveals such 
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fragments  in all stages of disruption, t i l l  finally only a microscopic 

f ragment  is left  intact .  

These inclusions end abrupt ly  against  the granite, and anyth ing  like 

an intermediate  or transi t ional  zone is rarely seen. An interest ing 

variation,  however, occurs in connexion with a specially large inclusion 

of bioti te-hornfels : a rim of potash-felspar, about  1 cm. thick, is moulded 

on to the inclusion itself~ ending abrupt ly  against the granite ; the r im 

only part ial ly surrounds the inclusion;  the ferromagnesian minerals of 

the granite,  at the junction wi th  the rim, are crowded together  and 

arranged parallel  to the contact ; in no case does the grani te  show any 

' chill-effect '  or difference in t ex tu re  at contact with the inclusion. 

As  regards distribution, the different types of inclusions show no pre- 

ference for any par t icular  depth-zone or per ipheral  zone. All the varieties 

may be found closely associated in one and the same sheet of granite. 

(b) ~tllcroscoTical Character.--For convenience of description and 

discussion of their  microscopical character,  t h e  hornfelses are grouped 
as follows : 

1. Biotite-hornfels type. 
2. Andalusi te-spinel-cordier i te  type (with subordinate corundum 

and biotite). 
8. Si l l imani te  + andalusite-corundum-spinel type (with much 

biotite). 
4. Si l l imani te  + andalusi te-spinel-quartz type (with much biotite). 

5. Andalusi te-quartz-felspar  type. 

1. B~otite hornfelses.--These are generally schistos% specially near the contact 
with the granite (Plato VI, fig. 2). Far in the interior, the texture becomes 
more open, and is sub-ophitic to intcrgranular, with lath-shaped biotite 
embedded in a groundmass of granular quartz and plagioclase. 

At the schistose margin~ the planes of schistosity are constituted by alternat- 
ing bands of dark-brown biotite and light-coloured minerals, chiefly felspars. 
in  these bands biotite, specially, shows very close packing ; individual crystals 
may be distributed at all angles to one another, but generally display a sub- 
parallel arrangement. 

A large amount of magnetite often occurs in the biotite zone. Other minerals 
associated with biotite are, a little brown tourmaline (derived from the biotite 
itself)~ very little muscovite (larger in size than biotite and sometimes inter- 
grown with it), grains of colourless to bluish corundum (which may show 
pseudo-cleavage), apatite, and a little quartz. Biotite contains pleoehroic haloes 
around inclusions of zircon, and shows well-developed crystal outlines. Farther 
inward, however, schistosity is less definite and there is a large influx of felspar 
and quartz, and the biotite shows a jagged appearance (fig. 6). I t  may some- 
times be found altering to titaniferous minerals, the latter associated with 
violet fluorite. 
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I n  t he  colourless bands ,  the  chief  m i ne ra l  is plagioclase as smal l  gra ins  and  
tablets ,  r ang ing  from albite-oligoclase to m e d i u m  andes ine  ; i t  is zoned, t he  
cent re  being of h ighe r  refract ive i n d e x  and  tu rb id  ; it  shows scarcely a n y  
tw inn ing .  A few sporadic large crys ta ls  have  also been noticed,  su r rounded  by 
bioti te in  a len t icu la r  fashion.  

Other  mine ra l s  are very  subord ina te  : orthoelaso (general ly  u n t w i n n e d  a n d  
fresh~ somet imes  w i t h  inc lus ions  of quar tz)  and  quartz ,  as smal l  granules ,  some- 
t imes  wi th  inc lus ions  of biotite and  tourmal ine .  

In jec t ion  veins  of quar tz  also occur, cu t t ing  the  planes  of schis tos i ty  of t he  
inc lus ion  at  an  angle  (Slide 172). The  componen t  gra ins  of quar tz  are larger 
t h a n  those first described,  and  are often fractured.  The  v e i n s  represen t  
in ject ions  f rom the  magma .  

More remote  f rom t he  grani te ,  schis tos i ty  disappears,  and  felspars, especial ly 
orthoelase, t end  to become smal le r  in  size. This  is ev iden t ly  connected  w i t h  
a larger  supply  of the  requis i te  componen t s  near  the  grani te-contact .  The  
marg ina l  sehis tosi ty  m a y  also be due to the  pressure  f rom the  grani te ,  pro- 
bably t he  pressure  set  up  at  t he  t ime  of crysta l l izat ion of t he  s u r r o u n d i n g  
magma .  

As has  been al ready noted,  the  tex ture  becomes i n t e rg r anu l a r  to sub-ophi t ic  
in  t he  inter ior  of the  inclusion.  A n o t h e r  remarkable  feature is tha t ,  andalus i te ,  
often in  very  large flakes, occurs only in  the  in ter ior  of t he  inclus ion,  whi le  t he  
port ion of the  inc lus ion  nea r  the  grani te  is perfect ly  free f rom it. The  crys ta ls  
of anda lus i te  in  t he  in ter ior  are su r rounded  by a zone of clear and  colourless  
secondary  muscovite ,  followed by zones of biotite and  plagioelase (fig. 6). 

Al l  the  const i tuents ,  except  andalus i te ,  are very  m u c h  smal l e r  in size t h a n  
those in  the  granite.  Bu t  the  xenol i th ic  anda lus i te  is milch larger in  size t h a n  
t ha t  in  the  granite,  and  resembles t he  porphyroblas t ic  m ine ra l  of typica l ly  
contact-al tered a l u m i n o u s  rocks of th i s  area. 

I n  i ts  mine ra l  assemblage and  texture ,  th is  type  of inc lus ion  mos t  nea r ly  
approaches an  igneous rock. 

l~im of potash-felspar round an inclusion (Slide 172) . - -This  consis ts  of a mul t ip le  
aggregate of potash-felspars ( showing fa in t  c ross-hatching,  per th i t i e  s t ruc tu re s  
and  Car l sbad- twinning) ,  g rowing radial ly  ou twards  f rom the  contact  of  t he  
inc lus ion  towards  the  grani te .  These  felspars  conta in  inc lus ions  of sma l l  
rounded  blebs of quar tz  a n d  smal l  crys ta ls  of plagioclase ; t h e  former  increase 
in  a m o u n t  as t he  inc lus ion  is approached,  and  at  t he  eontac~ t hey  are i n n u m e r -  
able, and  the  microcl ine  in consequence has  a ve ry  jagged appearance ;  t h e  
plagioelase crystals,  on the  e the r  hand ,  are s can ty  and  m a y  a lmost  d isappear  
nea r  the  contact  wi th  the  inclusion,  t hough  s teadi ly  r i s ing  in  a m o u n t  towards  
t he  g ran i te  contact.  Biotite, of a s lender  habi t  a n d  in scan ty  amount ,  m a y  
also be inc luded in  th i s  r im of microel ine  (figs. 4 and  5). 

The  grani te  at  the  contact  w i t h  th i s  outgrowing fe l spar - r im shows  biotite 
crystals  ar ranged w i t h  the i r  long axes paral le l  to the  contact  (fig. 4). This  has  
ev ident ly  been b rough t  about  by the  g rowing  pressure  of the  felspar  i tself  as i t  
crystal l ized outwards  towards  the  grani te  magma .  

(i) Origin of the Biolite-hornfelses.--Although t ex ture  and  m i n e r a l  assemblages  
(apart  f rom andalus i te  and  co rundum)  are those  of an  igneous  rock, a possible 
igneous origin m a y  be at  once d i smissed  on the  bss is  of chemica l  analys is  a lone 
(vide analyses,  nos. 7 and  8, p. 307). The parent - rock was ev iden t ly  shaly,  and  
h igh ly  a luminous ,  as is ind ica ted  by the  h i gh  percentage of Al2Oa, and  t he  
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presence of andalusite, corundum, &c. The aureole of sedimentary rocks is 
made up  of shales of various kinds. 

Regarding the way in which this alteration of the shales was brought about, 
the idea of mel t ing and re-crystallization can at once be dispensed wi th  : 
according to Bowen, any change that  could be brought about would be only by 

reaction-precipitation ,~ 
Attent ion will be confined to the a lumina content  only (as being the most 

impor tant  constituent of tile paren t rock) ,  its behaviour under  conditions of 
metamorphism being well understood. 

Dr. Evans 2 suggested that  in tile case of a magma reacting on aluminous 
sediments,  anorthi te and rhombic pyroxene are precipitated, e.g. the char- 
nockite series in southern India .  ]3owen accepts this  view in its entirety in 
the case of basic magmas~ and thinks that  in the case of acid magmas we should 
ra ther  get micas than pyroxenes, s W h e n  a magma is particularly rich in 
volatile fluxes, as this granite magma was, we should perhaps expect the forma- 
tion of micas in place of pyroxene. 

In  these Bodmin Moor inclusions, the aluminous mat ter  re-acting wi th  the 
granite magma precipitated a very large amount  of plagioclase and biotite (and 
incidentally a little orthoclase and muscovite). The formation of andalusite 
and other minerals characteristic of contact-metamorphic rocks may be regarded 
as ' in te rmedia te  s t eps '  in the process of alteration of the original shale. I n  
these inclusions, andalusite is characteristically absent near the granite contact, 
the reaction evidently having proceeded to completion there, while its sporadic 
presence in the interior suggests its survival because of the exhaustion of the 
liquid magma. 

(ii) Formation of thefelspathic r im, - - In  the process of precipitation of plagioclase 
and biotite, the magma, in the immediate neighbourhood of these inclusions~ 
became more or less depleted of ferromagnesian-, lime-, and soda-content, 
relatively to potash. The r im of potash-felspar may thus  represent  the material  
left over by the reaction. I n  this connexion the dearth~ in this  r im,  of plagio- 
clase inclusions but abundance of quartz near  the contact wi th  the hornfels, and 
the exactly opposite phenomena  near  the contact wi th  the granite, is suggestive. 
The felspathie liquid, now represented by the rim, under  favourable circum- 
stances started crystallizing at the very place of its origin, i.e. just  along the 
margin  of the inclusion and grew outwards towards the granite~ and during its 
growth outward~ natural ly  pushed the biotite crystals of the granite magma in 
a line perpendicular to the direction of its growth. This may  explain the 
' packing ' of the biotite, parallel to the line of contact wi th  the inclusion. 

The two analyses of inclusions of this  type (nos. 7 and 8, p. 307) are, possibly 
by chance, remarkably uniform. The two samples were collected from differen~ 
localties and from different s i tuat ions;  one was an inclusion in the Normal 
granite~ the other  an inclusion in a dike-modification of the Godaver granite. 
The original rocks were evidently of the same typ% and their  modification by 
granite had gone on almost to the same extent. 

1 N. L. Bowen, The behaviour of inclusions in igneous magmas. Journ.  
Geol., 199,2, col. 30, pp. 513-570. 

J. W. Evans, Quart. Journ .  Geol. Soc., 1921, col. 77, p. 133 (discussion on 
Tilley's paper). 

s N. L. Bowen, loc. cir. 
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2. Andalusite-spinel-cordierite type (wi th  a l i t t le  c o r u n d u m  and  some b io t i t e ) . - -  
Slide 44 a shows  large plates of purple-eoloured andalus i to ,  w i t h  f i lms and  
na r row elongated flakes of bioti te i n t e rg rown  along the  p r i smat ic  cleavages, 
con ta in ing  n u m e r o u s  inc lus ions  of dark; opaque gra ins  (graphi te  ?); and  i r regular  
gra ins  of green spinel,  somet imes  decompos ing  m a r g i n a l l y  in to  fibrolite. These 
are enclosed as lent ieules  in  an  outer  zone of sma l l  bioti te  crys ta ls  (fig. 8). 
Cordierite, as large crystals  of tabular  and  r ec t angu la r  habit ;  often pini t ized,  is 
a r ranged more  o r  less paral lel  to t h e  andalusi te ;  w i t h  a par t ia l ly  i n t e r v e n i n g  
zone of quar tz  (fig. 7). Wel l - shaped  c o r u n d u m  crysta ls  occur in smal l  a m o u n t  
in association w i th  biotite and  andalusi te .  A l i t t le  muscovi te  and  quar tz  are  
p resen t  interstit ially~ and  a smal l  a m o u n t  of felspar  occurs nea r  the  g ran i te  
contact.  Here  appear  four  phases  in a t h ree -componen t  s y s t e m - - a  deparLure 
f rom the  ~ minera logical  phase  r u l e '  es tab l i shed  by  V. M. Goldsehmidt ,  e .g .  
andalus i te ,  c o r u n d u m ,  cordierite~ and  spinel .  Th i s  does no t  necessar i ly  indicate  
' a failure of equ i l ib r ium ~ as Ti l ley appears to consider  1 ; according to Bowen; 
' t h e y  could occur th roughou t  a range of condi t ions  r a the r  t h a n  mere ly  at a 
point;  and  the re  is no reason why  these  condi t ions  m i g h t  not  be m e t  wi th  in 
na ture .  2 

3. AndaZusite+sillimanite-corundum-spinel type (wi th  m u c h  biot i te) . - -Sl ide  185 
shows large s tout  plates  of s i l l imani te ,  often in  paral lel  in t e rg rowth  wi th  acicular  
and  pla ty  andalus i te .  Large crys ta ls  of c o r u n d u m  wi th  three  rhombohedra l  
pseudo-cleavages well  developed; and  par t ia l ly  filled w i th  decomposi t ion-pro-  
ducts  ; t he  minera l  often shows graphic in t e rg rowth  wi th  biotite at the  contact,  
and  also pene t ra t ion  by needles  of s i l l imani te .  I t s  i n t e rg rowth  wi th  a 
s i l l imani te  plate is also noted  (figs. 9 and  10). Quartz and  magne t i t e  m a y  be 
present  as inclus ions .  G r e e n  spinel  gra ins  associated w i t h  s i l l imani te  and  
co rundum.  The  porphyroblas t ic  cons t i tuen t s  are su r rounded  by a m a t r i x  of 
biotite main ly ;  and  a l i t t le quartz .  Tourmal in iza t ion  of biotite is usual .  
C o r u n d u m  and  anda lus i t e  also show tourmal in iza t ion ,  m a n y  relics of these  
a l t e r ing  mine ra l s  hav ing  been found in  all s tages of a t t a c k - - s o m e  occurr ing a~ 
t he  centre  of t h e  t ou rma l i ne  crystal .  

4. Sillimaalte+andalasite-spinel.qaartz type (wi th  m u c h  b io t i t e ) .~S l ide  178 
shows  a p lexus  of bioti te  wi th  pleochoic haloes, su r rounding ;  and  ve ry  of ten  
in t e rg rown  longi tud ina l ly  w i t h  s i l l imanite;  t he  la t t e r  often in  d ivergent  needles  
w i th  a l i t t le quar tz  in  t he  interspaces.  S i l l imani te  is of ten decomposing to 
fibrolite. Andalus i te .  very  often in long i tud ina l  tablets,  and  grains;  a l te r ing  to 
micaceous substances.  I t  m a y  somet imes  show parallel  in t e rg rowth  w i t h  
needles of s i l l imanite .  I t  also occurs as inc lus ions  in  micas.  A li t t le green 
spinel,  embedded  in anda lus i te  and  s i l l imani te .  Tourmal in ized  biotite; w i th  
t he  original s i l l imani te - in te rgrowth  still  preserved (fig. 11). 

Groups 2, 3, and  4 of the  hornfe lsed  inc lus ions  inc lude types  wh ich  have  the  
minera l -assemblages  produced in con t ac t -me t amorph i sm  of t he  sys tem MgO-  
Al2Os--SiO~.a These  have  been modif ied ve ry  sl ightly,  or not  at  alI~ by the  

1 C. E. Tilley, Quart .  Journ .  Geol. Soc, 1924; vol. 80, pp. 68, 69. 
2 N. L. Bowen, Journ .  W a s h i n g t o n  Acad.  Sci ,  1925, vol. 15, p. 280. [Min. 

A b s t r ,  vol. 3, p. 88.] 
8 C. E. Tilley, Paragenes is  of the  mi ne ra l s  of t he  th ree  componen t  sys t em 

lVIgO-Al2Oa-SiO 2 in  t h e r m a l  me tamorph i sm.  Geol. Mag., 1923; vol. 60, pp. 101- 
107. 
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grani t ic  m a g m a  (wi th  w h i c h  equ i l ib r ium was not  a t ta ined)  and  m a y  be 
regarded as ~ i n t e rme d i a t e  p roduc t s  ' ,  su rv iv ing  only  because of the  exhaus t ion  
of t he  l iquid .  

These  present  a marked  con t ra s t  in  t ex tu re  to the  biot i te-hornfelses .  The  
hab i t  of t he  cons t i tuen t  mine ra l s  is t ru ly  porphyroblast ie ,  genera l ly  wi th  an  
ins igni f icant  ma t r i x  of bioti te and  quar tz  enclosing t he  large crystals  of anda lu -  
site, s i l l imani te ,  and  c o r u n d u m  in  a l en t icu la r  m a n n e r .  

k cer ta in  pecul iar i ty  of behav iour  of cordieri te  is also noticeable in these  
types.  Cordieri te ar ises  w h e n  the re  is a very  s l igh t  or no development  of  
biotite ( type 2) ; but  it  is absen t  in types  which  are ve ry  largely biotit ic ( types 3 
and  4:). Th i s  is also more  or less t he  case in contact -a l tered  shales~ the  presence 
of eordierite being connected w i t h  a l imi t ing  value  of Fee -con ten t  in relat ion 
to MgO. To quote Til ley (loc. t i t . )  : 

W i t h  a h igh  FeO-content  i t  is possible tha t  cordierite m a y  disappear,  a n d  it  
is of in te res t  to note t ha t  avai lable ana lyses  of rock-forming cordierites show 
a l imi t ing  value  of FeO-content . '  

Thus  in  types  3 and  4, the  FeO-content  h a v i n g  pe, 'haps exceeded the  l imit ,  
as is suggested by the  large a m o u n t  of biotite, cordieri te  has  been en t i re ly  
suppressed.  

5. Andalusite-quartz~felspar ~ype.--Andalusite,  as large, t abu la r  plates of purple 
colour, some t imes  zoned (purple cent ra l ly ,  colourless at  t h e  margin)  ; or as 
anhedra l  g ra ins  and  elongated,  l en t ieu la r  forms,  as well  as lozenge-shaped 
rhombie  sections and  cruciform aggregates, the  la t ter  embedded  in  large, ophit ic  
or sub-ophit ic  quar tz  w h i c h  m a y  also enclose smal l  tablets  of plagioclase. Plagio- 
clase may  also enclose andalus i te .  Quartz  shows  undu la to ry  ext inct ion and  is 
often fl 'actured. The  plagioclaso is albite-oligoclase to oligoclas% and  more  or 
less turbid .  There  are also wedge-shaped in jec t ion-veins  of la ter  quar tz  cu t t ing  
t h r o u g h  some of the  rock-minera ls .  ~ e a r  t he  grani te-contact ,  quar tz  and  
felspar t end  to become larger  in  size. No orthoclase and no mica  occurs 
(fig. 12). 

This  type is qui te  different  f rom the  others  a l ready described in hav ing  no 
mica.  I n  texture ,  it  closely resembles  an  igneous rock 7 and  hence is quite 
un l ike  types  2, 3, and  4. T h i s  has  ev ident ly  been affected by the  grani te  
magma,  more  or less like type  1, which  i t  mos t  resembles  in texture .  Bu t  the  
absence of micas  is a s t r ik ing  contrast ,  and  hence  i ts  allocation to a different  
class is justif ied,  

VI .  CHEMICAL ANALYSES. 

( A n a l y s e d  b y  P .  K .  G h o s h . )  

1. Normal  grani te  from Cheesewring quar ry .  
2. Normal  grani te  f rom Fox Tor (top). 
3, Normal  grani te  (? albit ized) f rom Not ter  Tor (lower quarry) .  
4. Oodaver  grani te ,  u n d e r l y i n g  peat,  f rom no r t h  flank of Hi l l  Tor. 
5. Godaver  grani te  (fresh) f rom the  Godaver  region, j u s t  sou th  of the  

foot-bridge. 
6. F ine  grani te ,  800 ya rds  no r th  of Dozmary  farmhouse .  
7. Ki l las  inc lus ion  (bioti te-hornfels  type)  in  a dike-modificat ion of 

Oodaver grani te  f rom Swit  quar ry ,  Craddock Moor. 
8. Ki l las  inclusion (biot i te-hornfels  type) in  Normal  granit% Notter  Tor. 
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1. 2. 3. 4. 5. 6. 7. 8. 

SiO 2 ... 70.96 71-25 71.66 72.99 73.01 74.16 54-82 53.63 
TiO 2 ... �9 0.36 0.20 0.32 0.13 0.11 trace 1.60 1.97 
A120 ~ ... 15.92 15.72 15.31 15.33 15.26 14.68 16.75 17.03 
Fe20 ~ ... 0.20 0-16 0-19 ni l  0.29 0.26 1.06 1.10 
FeO ... 0.84 0.86 0*84 1-09 0-73 0.65 9.53 9-91 
MnO ... 0.30 0.21 0.28 0-06 0.07 0.07 0.34 0.33 
MgO ... 0-49 0.32 0.25 0.98 0.06 0.18 1.60 1.77 
CaO . . . . . .  1.11 1.42 1-21 0.64 0.68 1.01 1.54 1.75 
BaO ... t race trace n.d. n.d.  0.02 ni l  n.d.  n .d .  
Na20 ... 3.53 3-56 4.31 2.96 8.18 2-51 3.84 3.75 
K20 . . . . . .  5.60 5.51 4.26 5.59 547  5-15 6:54 6.55 
F ... 0-08 0.05 0.06 n.d. 0.03 0.11 n.d.  n.d.  
H 2 0 +  iii 0.80 0-71 0.83 1.18 0.63 0.53 1.73 1.84 
B~O 3 ... 0.28 0.29 0.25 n.d.  0.73 0.82 n.d.  n.d.  
P20~ ... 0.03 0-32 0.82 0.18 0.21 0.27 0.71 0.82 
V~O 5 ... t race n.d.  m.d. n.d.  t race n.d. n.d.  n.d.  
CO 2 . . . . . .  n.d.  n.d.  n.d.  t race n.d.  n.d.  n.d.  n.d.  

Total ... 100.50 100.58 100.09 100.43 100.48 100-40 100.06 10045 

Sp. gr  . . . .  2.64 2.63 2.65 2.59 2-62 2.59 - -  - -  

T h e  a n a l y s e s  o f  t h e  g r a n i t e s  s h o w  t h e  p r o g r e s s i v e  e n r i c h m e n t  i n  

s i l i c a - c o n t e n t  in  t h e  y o u n g e r  t y p e s .  A s  s h o w n  b y  B r a m m a l l ,  t h e  s a m e  

f e a t u r e  i s  d i s p l a y e d  b y  D a r t m o o r  g r a n i t e s .  A n a l y s i s  no.  3 s h o w s  a 

m a r k e d  d e p a r t u r e  f r o m  t h e  u s u a l  r a t io  o f  K ~ O : N a 2 0 .  T h e  h i g h e r  

N a 2 0 - c o n t e n t  is p r o b a b ] y  d u e  to  c ause s  s o m e w h a t  a k i n  to s e c o n d a r y  

a l b i t i z a t i o n  (see p. 293) .  

V I I .  RESULTS OF ' HEAVY ~REsIDUE' DETEBMINATION. 

( A c c e s s o r y  M i n e r a l s . )  

' N o r m a l ' .  ' O o d a v e r ' .  ~F ine ' .  Elvan.  
Percentage  by we igh t  of m i ne ra l s  

heav ie r  t h a n  b romoform 
(sp. gr. = 2.9) . . . . . . . . .  8 . 5 - 5 . 5  5--4.4: 3 1 . 1 - 2 . 4  

N u m b e r  of rocks c rushed  ... (5) (3) (3) (3) 

T h e s e  r e su l t s  a r e  in  a g r e e m e n t  w i t h  f ac t s  e s t a b l i s h e d  b y  B r a m m a l l  

for  t h e  D a r t m o o r  g r a n i t e ,  viz.  t h e  y o u n g e r  t y p e s  c o n t a i n  a p r o g r e s s i v e l y  

l ower  p e r c e n t a g e  o f  accessor ies .  

T h e  accesso r i e s  o f  t h e  t wo  m a i n  g r a n i t e  t y p e s  a r e  e n u m e r a t e d  be low : 

I~ the 27ormal granite.----Magnetite, i l men i t e ,  p y r r h o t i n e ,  c a s s i t e r i t e ,  

f u t i l e ,  b r o o k i t e ,  a n a t a s e ,  t o u r m a l i n e ,  b io t i te ,  m u s c o v i t e ,  a n d a l u s i t e  
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(purp le  and  colourless), corundum (yellow, colourless, bluish),  zircon, 

f luorite,  bery l  (very l imi ted) ,  apat i te .  

In the Godaver gra~zite.--All the  species named  above, except  be ry l ,  

w i th  t he  addi t ional  species l i th ioni te .  Yellow c o r u n d u m  a n d  colourless 

anda lus i t e  have not  been  observed.  

L a r g e  amounts  of wolframite  have been  found in r iver-sands.  This  

mine ra l  is p robably  der ived from lodes and  is not  a p r ima ry  cons t i t uen t  

of t h e  g ran i te .  

My ve ry  best  t h a n k s  are due to Professor W. W. W a t t s  and  Dr. g. W. 

E v a n s  for the i r  never- fa i l ing  help and  advice t h r o u g h o u t  the  per iod of 

my work.  I also gra teful ly  acknowledge my indebtedness  to Mr. J .  G. C. 

Leech,  Dr .  H.  F. Harwood ,  Dr.  A. Brammal l ,  Dr .  S. K.  Chat ter jee ,  

Mr. M. Chat ter jee,  Mr. G. S. Sweet ing,  and  Mr. E. J .  Tal l in .  

]~XPLANATION OF PLATES VI ANn VII. 

[Photomicrographs in ordinary light.] 

FIG. 1. A porphyritic crystal of mierooline in Normal granite. The core is 
formed of a Carlsbad-twin (M 1 and ml) followed by a narrow zone of small 
crystals and narrow strips of plagioclase (P) ; then follows another zone of 
mierocline (m 2 and M~) in reversed orientation relative to the core ; the th i rd  
zone of mierocline is just  represented in the  figure (right-hand, top) by ms. 
The potash-felspar has a frilled margin (right of the figure, bottom), and is 
intergrown with plates of muscovite growing out into networks and spongy 
masses at the contact with the felspar. (x  21.) [p. 29~.] 

Fie. 2. Biotite-hornfels (banded type). I t  shows the alternate bands of 
biotite (dark) and granular plagioclase (light). (x  26.) [p. 302.] 

Fro. 3. Biotite-hornfels wi th  a sub-ophitie texture.  I t  shows biotite (b), 
set in a granular groundmass of quartz (Q), and plagioelase (P). ( x 17.) [p. 303.] 

FIG. 4. The junction of granite with the microcline r im of a biotite-hornfels. 
The junction is towards the top where the biotite (b) appears. The biotite 
belongs to the granite and is arranged with its long axis parallel to the surface 
of contact with  the rim (M); it contains inclusions of apatite (a). The rim 
contains inclusions of small crystals of plagioclase (P) wi th  decomposed cores 
and hence appearing dark in the figure. Plagioclase decreases in amount 
farther  from the contact. (x  17.) [p. 303.1 

Fro. 5. The same slide showing the junction of the microcline rim with the 
hornfels (the dark zone at the bottom). Note the abundant  inclusions of quartz 
grains (Q) in the rim. (x17.) [p. 303.] 

Fro. 6 The same slide (showing the hornfels only) far ther  removed from 
the granite contact. Note the advent of andalusite (A) as the view recedes 
from the contact. Compared with fig. 5, the texture is more open, and biotite 
is decidedly smaller in size as well as less idiomorphic. Andalusite is sur- 
rounded by a zone of muscovite (m) which is followed by plagioelase and 
biotite. (x  17.) [p. 304.] 
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Fro. 7. Hornfels inclusion, showing porphyroblasts of pinitized eordierite (C) 
and andalusite (A_), in a matrix of quartz (Q) and a little biotite (b). (• 21.) 
[p 805.1 

Fro. 8. Hornfels inelusion~ showing andalusite (A) with inclusions of 
spinel (S). Andalusite crystals are enmeshed in a tangle of biotite fibres. 
(x2~.) [p. 805.] 

Fro. 9. Hornfels inclusion showing porphyroblastic corundum (C) inter- 
grown with sillimanite (S). The rest is biotite. (• [p. 805.] 

F~G. 10. The same showing large corundum (C) with well-developed pseudo- 
cleavage. There is also a band of biotite and quartz on the right of the figure. 
Small shreds of biotite occur along the partings of the corundum. (• 
CP. 805.] 

F~a. 11. Hornfels inclusion showing sheaf-like aggregates of sillimanite and 
shreds of biotite intergrown with one another ; biotite appears dark in the 
figure. (x21.) [p. 305.] 

FI~. 12. Hornfels inclusion showing plates of quartz (Q) ophitieally enclos- 
ing andalusite (A) and plagioclase : the plagioelase is centrally decomposed and 
appears dark in the figure. (x21.) [p. 306.] 
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P. K. GHOSH" BODKIN MOOR GRANITE AND HORNFELS INCLUSIONS. 
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P. K. GHOSH : HORNFELS INCLUSIONS IN BODMIN MOOR GRANITE. 


