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Abstract

The Kruiné hory-Smréiny and Cornubian batholiths in Hercynian orogenic beit are well known tin provinces.
Despite of their distant location (2000 km) and position in different tectonic zones (Saxothuringian zone and
Rhynohercynian zone respectively) they show plenty of significant geological similarities. Both batholiths are
nearly of the same age, size, shape, dimensions and orientation. They are characterized by steep sides and flat raof.
Geophysical measures indicate etmolithic shape of both the intrusions. NW-SE trending wrench faults dislocate
the batholiths into various domal plutons. In both batholith volcanic ejecta have been reported. In Cornwall they
are beside the batholith while in Krugné hory-Smréiny batholith they are intruded by the youngest phase of granites.
The primary heat production and heat flow is estimated to be similar in both the provinces. The same can be said
about the type and style of mineralization (greisen, veins, and stockworks of Sn £+ W, £ Mo, £ Cu ores).

As far the granites are concerned, using statistical methods on geochemical data they have been classified into
five groups (G1, G2, G3, G4 and G5). G2 to G4 are common types in both batholiths but G1 is absent in Cornubian
batholith. Geochemically, the granites within their groups in both batholiths have similar range of variation for
alumina balances, alkali ratios, alkali/calcium ratios, amount of dark mineral constituents, normative feldspars, and
trace element distributions. They show remarkably similar degrees of differentiation and tectonic settings (syn-
collision and/or post-orogenic).

Geochronologically, the emplacement of the granites in both the batholiths is almost simultaneous. At least, two
phases of magmatism can be recognized with 10 to 25 Ma interval. The older phase of granites magmatism
(330-300 Ma) produced the G1 and G2 granite which are mesocratic, tin barren, poorly differentiated and deeply
eroded. The younger phase of magmatism (290 — 270 Ma) preduced leucocratic, tin-bearing, metasomatised,
strongly differentiated granites (G3, G4, and G5 granites), which are metasomatised and still uncovered at places.
R"Srfﬁ{’Sr ratio varies in a common range corresponding to their crustal origin in both batholiths,

According to geomorphological, petrographycal and geochemical data of the granites in both batholiths, it is
gstimated that the magma might have formed at 700 — 900 %C & 8 kb P conditions and 600 — 700 °C & 2 - 2.5 kb
P condition for their emplacement.

In the second part of the study, geochemical characteristics of the Hercynian tin-bearing ieucogranites have been
applicd to estimate tin prospectivity of Himalayan leucogranites. [t has been found that several geological and
seochemical features are fully comparable ( texture, color, mineral constituents, tectonic settings, alumina halance,
alkalifcalcium ratio, ferro-magnesium ratio, dark mineraf constituents, Ba, Rb, Sr, and others). However, there 1s
contrast mainly in parameters, which are controlled by post-magmatic metasomatism (alkali ratio, and free quariz).

The leucogranites in Himalayas, while holding the similar petrological feature as the leucogranites in Hercynian
Europe, have no record on the tin mineralization. It may indicates that tin mineralization generally associates with
the leucogranites but the leucogranite may not always hold tin mineralization. It seems that environment of magma
generation (crustal thickness) is critical factor for tin prospectivity of a leugranites, rather than petrological and
peochemical compatibility. It can be argued that the leucogranites in Himalayas have formed in very thick crust
(60 — 70 km), whereas the leucogranite in Hercynian Europe have generated not more than 40 km thick crust. I
may reflect that the source of tin and source of granitic magma may not coincide. It seems for fetch to conceive the
school of thought, which believe that the tin is brought to the granitic magma from lower crust or upper mantle.
This could be possible in the case of Hercynian orogeny where the crust was relatively thin — but in the Himalayan
orogeny seems difficult for the leucogranite to assimilate deeply originated tin bearing fluid phase, as they have
generated much higher from the level of lower crust or upper mantle. Hypothesis of tin metallogeny based on the
thickness of Earth’s crust is also supported by the fact that most of the tin fields of the world are located in crustal
thin provinces. Alternatively it can be said that the parental rocks of Himalayan leucogranites were tin free or weli
refined, metal free undistinguished sediments,

The older Hercynian granites in Europe show significant similarities in chemical and petrographical features withi
the Almora granites in the Lesser Himalayas (alumina balance, alkali/calcium ratio, ferro-magnesium ratio, dark
mineral constituting elements, free quartz, alkali ratio, trace element distribution, initial Sr isotope ratio, REE
distribution). The source composition of Almora granites is more certain as they have brought up by several parallel
upthrusts. The petrological and geochemical compatibility of the Almora granites with the Hercynian older granites
favor the pelitic composition of source rock for later granite in Europe.
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PREFACE

Lranite 1s a common rock type in the upper Palacozaic
Hercynian orogenic  belt {Europe) and in the Tertiary
orogenic beit of the Himalayas {north  of the Indian
sub-continent). In both the orogenic belts it has different
significance. In Himalayas, it represents different (ypes of
tectonic environment and in Hercynian Europe, it stands for
metallopenic prospectivity.

This study aims to focus attention on the geochemical
comparison of the granites in Hercynian tin provinces with
those of the Himalayas. Two granite belts of the Himalayas
have been  selected for this study, viz. 1- post-collisional,
feucogranites of Vaikrita thrust sheet (20-30 Ma), and 2-
Anatectic granitoids of Lesser Himalayas (1800 Ma and
330 Ma). Before this comparison, a correlation of the granites
of the Kruiné hory-Smriny Mits. tin province and the
Cornubian tin province has done. Finally, the characteristic
features of the tin-barren and tin-bearing granites ol the
Hercynian tin provinces are compared with the Himalayan
granitcs,

A mini data bank has been prepared for the geochemical
analyses of pgranites [rom SW England, NW Bohemia, and the
Himalayas. It contains about 2000 published and unpublished
analyses of the granitoids. The data of Himalayan granites are
relatively less then for the Hercynian granites in Europe,
therefore the results arc still on the primary. For the correlation
of granites, an empirical proposal for the classification of
granites has been developed, using granile standards for
particular features such as tectonics, metallogeny, nomencialure
ete.  making use of computer soft-ware (FoxPro, SC3 and
statgraphics).

The comparison of granites in Hercynian fold belt and
the Himalavan fold belt may be of interest to the researchers,
whao are oriented toward understanding of the crusial evolution
on global scale and also to geoscientists who are comparing
of style of geologica! phenomenon  in the  earth’s crust
fmagmatism, metallogeny and tectonics). The correlation of the
krusné hory-Smrliny and Cornubian batholiths in the
Hercynian fold belt may be useful for the granite petrologists
and economic geologists,

This work was carricd out under the scientific and
cultural exchange program between the governments of India
and Crechoslovakia (1987-1988),

Acknowledgements

We are obliged to Dr. M. Stone {Exeter University, Exeter,
England) and Dr. T M. Stussi {CRPG, Nancy, France), and Dr.
M. Stemprok (Czech Geol. Surv., Prague) for their valuable
discussion and suggestions. The munscript is benifited by Dr. A.
Dudek (Charles University, Prague) and Dr. A. Seifert {(Czech
Geol. Surv, Prague). First author express his gratitudes to the
Ministry of Education, Governmenit of India for selection for this
study  and  the Ministry of Education, Government of
Czechoslovakia for scholarship for PRD. Ife is thankful to the
Crech Geological Survey, Prague for her hospitaiity.



PART |

GRANITES IN HERCYNIAN TIN PROVINCES

1. Infroduction

The Kruiné hory-Smréiny Mountains (Central Europe) and
Comwall (SW England) are well known tin provinces, They lie
in the northemn "wing’ of the Hercynian fold belt, which is com-
prised of two lithotectonic zones namely, the Rhenohercynian and
Saxothuringian zones (Fig. 1). Comwall is generally included in
the Rhenohercynian zone, and the Kruiné hory-Smitiny Mis.
belong to the Saxothuringian zone. Both provinces represent
different lithotectonic settings but have similar features in their
granites, for example; age of emplacement, metallogeny, and
petrography. These have been discussed by many authors.

A— Northeastern sector

This is bounded by Elbe ling in the northeast and Flsha zone in
the southwest. This sector comprises crystalline and metasedimen-
tary rocks, which are intruded by the Hercynian acid plutonites
(Fig. 3). Granite outcrops are generally small elliptical to semicir-
cular in shape, and comprise the Niederbobrizch, Markersbach,
Sadisdorl, Schellerhau, Altenberz, Cinovece-Zinnwald, Flije,
Krupka, and Telnice . This part is characterized by the presence of
the Teplice caldron (Pilchen, 1968 and Jiranek, 1987), where
volcanic ejecta are intruded by related granites.

B— Central northeastern sector
This 15 bounded by the Flsha zone in the northeast and the
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Fig. 1 Location map of Keudie horv-Smreding and Cornubian batholiths in Hercynian fold bell,

1.1 Krusné hory-Smréiny Mts.

The Krugné hory-Smréiny Mountains cover an area of about
8000 sq km, located in the northwestem pan of the Bobemian
Massif. The southeastern part of the mountains oceurs in Czech
Republic and the northwestern part occuwrs in Germany (the Ger-
man Krniné hory Mts, are called as "Erzgebiree” and Smiciny
Mis. as "Fichtelgebirge™). This province is a rectangular-tabular in
shape, which is bounded by the "Eger lineament” and the "Central
Saxon lineament" in the SE and NW respectively {Fig. 2). It is
extended to the NW-5E trending "Elbe lincament” in the norntheast
and to the "Franconian lineament” in the southwest. The Krusné
hory-Smréiny Mts. are underlied by a large granite batholith
{Kruzné hory-Smréiny batholith). The Krudné hory-Smréiny Mis.
can be divided into four fault-based sectors,
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Fachymov fault in the SW and comprises mainly crystailine ang
metasedimentary rocks, which are intruded by graniles. The gran-
ites are not frequently exposed on the surface, but their presence
has been proved by borehole investigations. Many granite cupolas
have been venlied by dolhing and geophysical means (MAWAM
map, 1974). The sigmificant cupelas and oulcrops are Hora sv.
Katefiny, Ehrenfriedersdorf, Annaberg, Ziegeberg, and Geyer
(Fig. 3 and 4).

C-- Centrai-southwestern sector

This part is bounded by the Jachymov fault in the northeast and
the Marianské Lazné fault in the southwest. This is intruded by the
farge "Karlovy Vary pluton”. In the SE, the piuton is partly covered
by Tertiary sedimentary basins in Sub-Knuné hory fault zone.
Many satellite granite bodies are present around the main Karlovy
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Fig. 2. Map showing structures and distribution of tin deposits and
aranites in SW England and NW Bohemia, O=granite porphyries,
-G granites, 2-G2granites, 303 granites, 4G4 granites, 5—
(3 granites, 6=Thrust plane, 7— Axis of amticline, 8=Line facing
confrontation, Y—Axis of major synclines, 1= Tin deposits.
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Vary pluton, .. Kirchbere, Bergen, Aue, Schwarzenberg, Blatna,
Vykmanov etc, granites. The southem part of the pluton is repre-
sented by many small granite bodies e.g. Krudum, Kiely,
Kyn2vart, Lesny-Lysina (Fig. 4).

D- Southwestern sector

This part lies between the Maridnske Lazné fauit in the northeas
and the Franconian lineament in the southwest. A major part of
the granite body occur in Germany which is called as Smriny
pluton. The literature indicate that this pait has a different tectonic
evolution from that of the Krusné hory Mits. However, the lithology
around the main granite pluton is similar to thataround the Karlovy
Vary pluton, Moreover, the geochemical and petrographical stud-
ies indicate a close affinity between the granites of the SmrEiny
and Karlovy Vary plutons (see Rajpoot and Klominsky, 1992).
The Smréiny pluton is ormamenied by two satellite granite bodies,
viz. Waldstein and Komberg (Fig. 4).

Structures

The majority of the cross-faults trend NW-5E to E-W (see
Hasel, 1972). Structurally, Kruiné hory-Smrdiny Mts. form a
larze NE-SW trending anticline, with open warps of about 10 km
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Fig. 3. Simplified peological map of SW England and NW Bohemia,
[—Proterocoic greisses, 2-Lower Palaeozoic schists and phvilites
I-Cambrian-COrdovician arthopneisses, 4-Devonian greywacke
and diabase. S—Lower Carboniferaons conglomerates and grey-
werekes, 6—-Ciranite oterons (Permocarboniferous), 7-Up, Carbon-
iferons—FPermion acid volcanics, S=Sedimentary cover, %=Tertiary
ealbaline voleanie centers, 10-Cambrian-Ordovician metabasalts
and metabasics, [ 1=Principal faults, 12=Axis of anticiine.

wavelength. The warps might have developed as a result of
emplacement of the Permo-carbomiferous gramtes. Detailed struc-
tural and metamorphic study of the Krudné hory-Smréiny Mts. is
lacking. However, four phases of folding (= deformation) have
been suggested in the crystalline rocks (Bankwitz and Bankwitz,
1982) and five phases of folding have been observed in the
Smrciny (Stettner, 197% and Stein, 1986). The intrusion of granitic
magma s supposed te have been emplaced during or after the
waning stage of deformation. This province is charactenized by
deep-rooted lineaments, which have been recorded by geophysical
studies. The main lineaments are the Central Saxon, Ohfe (Eger),
Labe (Elbe), and Franconian. The age of their development has
not yet been confirmed but certainly they were reactivated during
Mesozoic and Tertiary time, Many NW-SE trending parallel faults
oceur in this province (Fig. 2). The lateral displacement has not
been precisely measured but as Fritz (1991) discussed dextral
wrenching for their southeastern extension in Austria.

1.2 SW England

SW England includes Cormmwall and Devon, which encompass

Prdee CGLU 1, 1993
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Fip. 4, Granite distribution in W England and NW Bohemia

an area of about 6000 sq km. This is bounded by Atlantic ocean
in the west, the Bristol channel in the north, the English channel
in the south and by an arbitrary line from the Parrett estary to
Charmouth in the east. Structurally, SW England is characterized
by repeated phases ofthe Hercynian folding, faulting and thrusting,
Asawhole, SW England forms a huge east-west rending syncline
(Fig. 2). The southern limb of the syncline has locally developed
parallel trending anticlines. The geotectonic setting of the area in
the tectonic framework of Hercynian fold belt is still a matter of
controversy. However, the whole of SW England is usuaily in-
cluded in the Rhenchercynian zone (except for the Lizard
Complex), perhaps because the lithostratigraphy satisfies the
definition of the Rhenohercynian zone. However, at the same time

the province can be included in the Saxothuringian zone, 1f

magmatism and metallogeny are concidered (see Matthews, 1984
and Rajpoot, 1991).

Comwall is characterized by two tectonic zones e.g. Caledonian
and Armorican {Dearman, 1970, 1971; Simpson, 1969, 1971;
Sanderson and Dearman, 1973; and others). According to the
widely accepted, the Caledonian zone is roughly truncated along
the southemn edge of the Devonian Formations (Armorican zong).
The Ammorican orogeny of Permo-Carboniferous time was char-
acterized by N-8 compression, which has produced E-W trending
strucures (Fig. 2). Dominant folds are attributed to this event.
Towards the end of the deformation, granitic magma was thought
to have been intruded. As the granites crystallized and pressure
relaxed, E-W trending normal faults developed. The north-west-
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ward wrench faults across SW England culminated in dexteral
displacement of at least 21 miles (Deanman, 1964). The wrench
faults are thought to be Tertiary (ibid). Removal of the wrench
effect puts the south margin of the Dartmoor and Bodmin Moor
plutons on the same lattitude.

1.3 Provincial stratigraphy

Stratigraphically, both the provinces have contrasting units. In
SW England, the majority of outcrops are Devonian and Lower-
-Carboniferous, whereas in the Krugné hory-Smréiny Mis., they
are Devonian to Ordovician or older (Table 1). The grade of
metamorphism reached up to granulite and eclogite facies in the
Krusné hory-Smréiny Mts.,, but the age of metamorphism 1s
controversial. The metamorphism in Smréiny Mts. coincides with
the dominant second phase of folding (Excursion Guide, 19835),
which is older then 330 m.y. In the Armorican zone of SW
England, the absence of Hercynian high grade metamorphites and
presence of manne sediments are in contrast with Krudné hory-
Smréiny Mts. However, a small locality of Ordovician-5ilurian (7)
rocks (Veryan series) does occur in the Caledonian zone (in the
Lizard area) {Fig. 3).

Voleanites

The volcanic associations in the Kruiné hory-Smirginy Mis,
include acid to alkaline rocks, ranging in age from Devonian 1o
Tertiary. In SW England, the two main groups of post-orogenic
volcanic rocks are; -first, rhyolitic and rhyodacite lavas of possible
Permian age that rest on deformed Devonian strata in the vicinity
of Plvmouth and -second, basaltic lavas and intrusives within the
basal Permian (north and west of Exter, Exley and Stone , 1982).

Lamprophyres

The lamprophyres can be seen in both provinces. In general,
they are fault controlled and widely distributed (Krammer, 1976).
It is generally agreed that lamprophyre emplacement is a separate
event from granite emplacement. In the Krudné hory Mis,, the
lamprophyres are younger than the older granites (O1C)(Tischen-
dorf, 1989} and in 5W England, K-Ar dates give an age of 279 =
G Ma (Miller and Mohr, 1964). Petrographical and geochemical
features of the lamprophyres of the Krusné hory-Smréiny Mts. are
like those of the lamprophyres in SW England. The age of their
intrusion has not yet been precisely determined. However the
formation of lamprophyres in both provinces seems to be simul-
taneous as they cross cut the Carboniferous rocks. Genetically, the
lamprophyres could be related to mantle metasomatism (Dziedzic,
1986 and Krammer, 1988).

Granite porphyries

These are common rock type in both provinces. In SW England,
(locally called as elvan) they occur in the form of dykes of vanng
dimensions. The width varies from 1-2 m, exceptionally upto 15m
and the length ranges up to 15 Km. In the Krusné hory Mis., dykes
of granite porphyry are widely scattered and in the eastern-ceniral
or north-eastern part, a large dyke crosscutting the Flaje granite 1s
well known; they are wide upto 2 km and 30 km long (Fig. 2). In
SW Lingland they are younger than ali the granites (269 = 8 Ma,
Hawkes et al., 1975), but in the Kruiné hory Mts,, they are older
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than the youngest phase of granites, as younger granites intrude
the granite porphyries.

Mineralization

Both these provinces are well known for tin-tungsten minerali-
zation associated with the granites. Several types of ore mineral
association are common in both the provinces, e.g. cassiterite-
quartz, cassiterite-silicate, cassiterite-sulphides,  cassiterite-
silicate - sulphides. Many common modes of occurrence of tinand
other ore minerals can be seen; examples include veins, veinlets,
stockworks, pegmatites, greisens, breccias, and skams. Beyond
these similarities in the mineral deposits, the most remarkable
contrast is in the physical relation between the majority of deposits
and the granite bodies. In SW England, significant tin-tungsten
deposits lie in the contact or exocontact zone of the granites,
whereas in the NW Bohemia they are mainly confined to the
endocontact zone of the granite bodies (Fig. 2},

Table . I. A summary of stratigraphy in SW England and Kruiné
horv-Smréiny Mts. {vompiled from literature)

. . —~ : S ._
E Ape Knéné lmr}-'-ﬁrmﬁiny Mis, | SW Lngland I

Heach sand, peat, alluvial
Modular chalk, Lst., grits,

| :
Ouanermary | Peat, alluvials
Mesozoic Terrestrial sedimems
Red marl, brecea,,
conglom., clay & basie, acid
trusIve

Permian Mainly acid voleamies

Lip. Carbon, | Conglomerates, psamnntes, ' Bude sandstone, culm |

:shales facies rocks

- Graniles Granites
L. Carbon. Mudstones with shales
Devonian | Volcano-sedimentary units, Shales, mudstone, sstlst.

tiabase conglomerales and

i calcareous rocks
|

Ordovician - Quartzite, phyllite, graphite schist) Exotie blocks of quataite,

Silurian and Lst. in Devoman rocks
Cambnan Quartzite, metacarb. rocks, grap- 7 Iu
hite & mica, schists, fine grained,
paragncisses, metagrew. & mela-
basites, Orthognesses,
Proterozoic | Lower monoionous group, para- B
gneisses, quartzite, metabasiics o )

|51 — limestone

1.4 Morphology of the batholiths

Relief

The maximum relief within the exposed granites in the Krudné
hory Mts. is 1008 msl (in Nejdek-Eibenstock). Inthe Smréiny Mts,
(Smriny Mts.), it is 1024 msl (in Central stock) and in the
Cornubian batholith it is 470 msl. The greatest continuous vertical
exposure is about 600 m in the Kruiné hory Mts., 550 m in the
Smuiny Mts. Mts. and about 250 m in the SW England.

Area and Volume

The total qumE of granite to a depth of 6 km is estimated at
about 120, [H]I] km® for the Krugné hory-Smréiny batholith am:l
68,000 km® (report, Cambome school of mines) or 41,000 ki

(Willis-Richards and Jackson, 1989) for the Cornubian batholith.
The total area ofex p::lsed granites in the Knudné hory- Srn réiny Mts,
is about 1883 km® and in SW England about 500 km?.

Depth of the batholiths

Various authors have discussed the thickness of the granile
plutons by interpreting the seismic and gravity measurements. [n
SW England, Brooks et al. (1984) and Doody (1985) have sug-
oested three seismic reflectors at depths of 7-8 km (R1), 10-15 km
(R2), and 27-30 km(R3). R1 is restricted to the interior of each of
the major plutons, R2 is commonly defined as a mid-crustai
reflector, which probably rises eastwards from Land’s End to
Dartmoor, and B3 is uniform throughout SW England. The aver-
age seismic velocity of the granites above the R ] reflector is about
6.0 km/sec, which decreases suddenly to about 5.6 km/sec, and
increases again below R2 to about 6.5 km/sec. R2 is generally
considered to correspond with the base of Comubian batholith.

Recently, CEE project (University of Miinchen, Germany
CREGU Nancy, France, and British Geological Survey, England)
determined a 3D shape of the Smréiny Mis. pluton using an
iterative technique, which incorporates lateral facies changes
(Guillet et al., 1985; Guinebertea et al. , 1987; Vignerese , 1988
and Audrain et al., 1989) the results are shown on a map indicating
the depth contours ( Vigneresse op.cit.). According to this map the
Smréiny Mts. pluton reaches a depth of 8 km in the Central stock.

Shape of the batholiths

Both the batholiths have distinct negative gravity anomalies.
The -50 mgal gravity contour almost covers the present outcrops
of the granites (Fig. 5).

Some authors have suggested an inverted °L’ shape of the
Comubian batholith (Brammall, 1926, and Edmonds etal., 1975),
although others define other shapes. Tombs {1977) suggested that
the Cornubian batholith is thinned from 20 km beneath Dartmoor
to 10 km near Land's End. Tombs's suggestion does not fit with
the heat flow pattem in SW England, proposed by Sams and
Thomas-Betts (1986). From a N-S gravity profile across Bodmin
Moor, Bott and Scott (1964) argued that the Bodmin Moor pluton
has steeper sides and a nearly flat roof. A NW-5E trending fault
along the northern margin of Bodmin Moor is described by
Dearman (1964) suggests that the northern side of the Bodmin
Moor pluton is steeper. It is difficult to estimate the shape of the
batholiths, with a high level of confidence. However, the argument
by Willis-Richards and Jackson (1989) and others for a steep-sided
Comubian batholith seems more logical. The shape of the basal
part of the batholith is not clear. The Krusné hory-Smréiny batho-
liths have generally been interpreted as wedge-shape, thinning
towards the NW (Polansky, 1973). Recent geophysical investiga-
tions in the Smrginy Mts. have been interpreted in new way which
indicates that the Smr&iny Mis. pluton has a cone shape (Vigner-
esse etal., 1989).

Subsurface continuity between the plutons of SW England has
been established by geophysical investigations. In Krudn¢ hory-
Smréiny Mits,, the subsurface continuity is proved by dnlling as
well as by gravity measurements, Both batholiths are characterised
by dominant NW-SE trending post-emplacement faults. The
movement along these faults is more [ateral in SW England and
relatively more vertical in the Krusng hory Mis,
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Fig. 5, Bouger anomaly map of SW England fafter Camborne school
of mines) and NW Bohemia feompiled afier Czech Geological Sur-
vey and Vigneresse p.c.)
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Fig. 7. Area of batholith at different depth

From the various profiles across the Comubian and Krusné
hory-Smirginy batholiths, it can be seen that the former is narrower
than the latter. The Comubian batholith forms a continunous line
ridge dislocated by post emplacement NW-SE fault movements
between the Dartmoor and Bodmin Moor plutons {Dearman,
1964). The Kminé hory-Smréiny batholith also looks like a
NE-SW trending ridge (Fig. 6), but in its central part (Karlovy Vary
pluton) it appears to show a NW-5E axis perhaps due to local
post-emplacement tectonism. The various plutons in the Comu-
bian batholith have been interpreted as having a flat roof (Exley
and Stone, 1982 and Willis Richard and Jackson, 1989). A similar
features (flat roof) can be seen in the Karlovy Vary pluton (Ne-

Fichtelgebirge
[
Flaje
Kirchbegg
Karlovy Vary

RKRUSNE HORY - SMRCINY
BATHOLITH

Dartmoor

.BDlﬂ.Iiﬂin Moor
3t. Auste]_l.r
. Darnernerl?llis

CORNUBIAN BATHOLITH

Fig. 6. Isometric diggram of the space form of Cornubian and Kruiné hory-Smréiny batholiths
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jdek-Eibenstock part), where the present ground surface nearly
follows the roof of the pluton.

The area of the batholith at different depths has been estimated
in order to have an idea of the batholith in a vertical section (Fig. 7).
It can be seen in the Fig. 7 that cupolas and elevations in the
Cornubian batholith are better preserved than in the Kruiné hory-
Smréiny batholith. This reflects the higher density of granite
related-pegmatites and veins in the Cornubian batholith comparing
with the same units in the Kru3né hory-Smréiny batholith.

1.5 Heat flow and heat production in NW Bo-
hemia and SW England

Both provinces are characterised by high heat flow and heat
production. In SW England, the Imperial College heat flow group
and Francis (1981) have carried out many heat flow and heat
production measurement, and in the Krugné hory-Smréiny Mits,,
the Czech Geological Survey and Cermak (1984) have also made
some heat flow investigations. These data and calculated data for
heat flow and heat production are compiled in Fig, 8.

The following formulas are used for the calculation of heat
flow (QQ) and heat production (A)

Q=26.6(+3.5WW/m* + [15.6(+0.6) kmx A}
(after Jolivet et al, 1989)
A=0.081(K20)+0.261(U) + 0.072(Th)
(Brich, 1954, Figneresse et af, 198Y)

Krusné hory-Smréiny Mits.

The measured highest surface heat flow reaches upto H{} PW/m’
(Cermak, 1984} and heat production reaches 3.6 |.1me (Archive
CGU) in the Karlovy Vary pluton. Using the mlcuhtmn methods
above, the highest hea[ production reaches 6uW/m” and heat flow
reaches 120 qum in the zinngranite (Smréiny Mts. pluton),
Eibenstock, and in Cinovec. II_} these granites, the average heat
flow is calculated as 90 mW/m* and heat production 3.5 mWim™.
The younger granites appear to have higher heat production and
heat flow than the older granites,

SW England

The heat flow vaiucs in the granites of SW England average
about 120 uWIm with the highest values just over 130 p.‘me
in Land’s End area. Heat flow decreases rapidly away from the
granites into the slates and phyllites. The best estimate of the
surface heat productivity ::lf the SW England is an average some-
what in excess of 4.4 pWﬁm that does not vary rapidly with depth,
If it 15 assumed, as a wnrktnﬂ figure, that the average granite heat
pm-cluctlwty is 5.0 }J.Wa’m the country rock heat productivity
2.0 IJ.W."'I'I’] and the granite thickness 14 km, then a heat flow
anomaly of 42 p.J.'!.?'»ﬂfrn1 would be observed between the granites

and country rocks. The possible cause for the contrast in the present
heat flow and heat production is discussed later.

Comtemporary fluid flow

In both provinces, hot ground water discharge can be seen. In
SW England, the hot groundwater is saline and generally reported
in tin mines in the N-N'W flank of the Carnmenellis pluton {HDR,

NW BOHEMIA g

P e Y e g e [ = [P} = e

Fip. 8 Hear flow (-0 aned heat prodnction (7)) in the SW England
! N Bohe Hrr'u

[ — 120l 2

4 = 8- mr:r;m m' i-
J—inu W

FO0-1200W 7/ mis, 3+ 90-100 U/ m
TO-SOUI Sm 6— TOul S me

Geothermal Energy program, Burgess etal., 1982, Edmonds et al,,
1984, 1986, 1988) at a depth of 2536 to 820 m in deep mines
(Camborme-Redruth area) and 1 50-400 11 in the Wheal Jane Mine.
In the Krusné hory Mis., hot water springs have been used in
foothill zene (Karlovy Vary area) for several centuries. Themau-
mum temperature ofhot water in SW England measures upm 55°C
in the Wheal Jane mine and in the Krudné hory Mits. 71. 4°C at
Viidlo thermal spring (Karlovy Vary).

1.6 Granite batholiths

fartous isolated elongated or circular outcrops of granite are
present in both provinces. Geophysical investigations and dritling
data indicate that the exposed Hercynian granites in both provinces
are linked at depth, so that the granite bodies as a whole can be
called "batholiths". In the literature, some of the terms used for
granite bodies are misleading, for example a small outcrop of
granite within the older granites of Slavkovsky Les Mountains is
called the "Krudum massif". [n presentarticle, such terms are given
below with the considered meaning,

Massif : A province having limited areal extent, considerable
topographic relief and composed of crystalline gneisses
and schists, (for example; Bohemian Massif),

Batholith : A large intrusive mass of acid igneous rocks (granitoid)
situated in an orogenic belt characterized by sharp con-
tact with country rock and elongated along the length of
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orogenic fold belt. (for example; Kruiné hory-Smréiny
batholith)

Pluton : As in the sense of H.H.Read, e.g. a high level, cylindrical
mass of granitic rock, which was emplaced at low tem-
perature in a near solid state (for example; Dattmoor or
Karlovy Vary pluton).

A comprehensive introduction to the significant granitic plutons
and bosses in the batholiths is given in Table 2. The distribution of

the granites shown in Fig. 4.

Kruiné hory-Smréiny batholith

The batholith has been studied by several schools of workers
(field has been limited to the political territory); the main references
dealing with the granites on a regional scale are Hisel (1972},
Lange et al. (1972), Richter and Stetiner {1979), Stem prok (1986),
Tischendorf (1989). The whole batholith can be divided into three
parts viz, northeastem part, central part, and southwestern part. The
largest granite outcrop is located in the central part of the batholith,
i.e. the Karlovy Vary pluton, which lies across the border between
the Czech Republic and Germany, together with the satellite bodies
of Kirchberg, Bergen, Blama etc. In the southeastem part of the
Karlovy Vary pluton, isclated patches of contrasting younger
granites can be seen, e.g. Kriidum and KynZvart. In the northeast-
em part, the cutcrops of granite are relatively small, the main ones

C.G.S. Special Papers 1, 1993

are Niederbobrisch, Markersbach, Sadisdorf, Schelerhau, Alten-
berg, Cinovec-Zinnwald, Flaje, Preiselberg, and Telnice. In the
southwestem part, a large hook shape outcrop of granites (Smréiny
Mits.} is exposed with two satellite bodies {Waldstein, Komberg)

(Fig, 4),

Cornubian Batholith

The Comubrian batholith has been studied by many workers and
relatively more infonmation is available for the whole batholith.
The following references review the granites of this batholith: Beer
(1978), Hawkes and Dangerfield (1978), Dangerfield and Hawkes
(1981), Stone and Exley {1982), Darbyshire and Shepherd (1985).

Principal granite outcrops are Dartmoor, Bodmin Moor,
St. Austell, Carnmenellis, Tregonning-Godolphin, Land’s
End, and the Isles of Scilly. Small bosses occur around or
between the larger bodies. They are Kit Hill and Hingston
Down between Dartmoor and Bodmin Moor, Castle-an-Di-
nas and Belowda Beacon, north of Hensbarrow (St. Austell),
and Carn Brea and Carn Marth north of Carnmenellis. Small
isolated exposures of the Isles of Scilly are located 30 km
southwest of Land’s End. The underwater granite body of
"Haig Fras" 15 located about 90 km WNW of the Scilly Isles.
It is not yet certain whether it belongs to the Cornubian
batholith or not.
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2. Granites in Cornubian and the
Krusné hory-Smréiny batholiths

While both the batholiths Cornubian and Krune hory-Smréiny
situated in differefent tectonic zones of Hercynian orogenic
beit (e.g. Comubian in Rhenohercynian and Krudné hory-
Smréiny in Saxothuringian zones). There are many similarities,
for instance; shape and form of the batholiths, NW-SE trending
wrench faults, presence of granite porphyries (but there is a
difference in age of emplacement relative to the granites), age of
emplacement, S0 Sr ratio, associated mineral deposits, primary
heat flow and heat production {Rajpoot, 1992). However, there are
some differences in the construction of host rocks, order of abun-
dance of some minerals, for example; tourmaline, topaz. In this
chapter, mainly the geochemical characteristics of the various
granites are discussed.

Methodology

Whole rock chemical analyses of the granites considered
in this study, include major and trace elements. The data have
been stored in a local dara bank. The data selected for this
study are relatively compatible, although systematic sam-
pling and analyses are needed for proper correlation. The
geochemical analvses of granites from SW England were
taken from Darbyshire and Sheppherd (1983). These were
done by X-ray fluorescence spectrometry (MESA, Notting-

hamj}, for major as well as trace elements. The analyses of

granites in the Czech part of the Karlovy Vary pluton were
obtained fram Absolonava (1971), and were done by AAS for
major elements, while XRF and OES were used for the deter-
mination of trace elements. Similar technigues were adopied
Jor the new analyses of 29 samples from the Slavkovsky les
Mis. The analyses of granites from the Smréiny Mis. pluton
are from Richter and Stetiner (1979); these were done by AAS
and XRF. Statistical summary of granite groups is given in
Table 3.
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21 Granite typology

The granites of the Comubian and Krudné hory-Smréiny
batholiths have been classified into several types by many authors
(Table 4). Authors have emphasized different aspects of the petroi-
ogy of the granites, for example; in the Kruiné hory Mts., Lange
et al. (1972) classified the granites into two major types, an Older
Intrusive Complex {O1C)and a Younger Intrusive Complex (Y IC),
using relative age of emplacement as the prime factor. In the
Smréiny Mis. pluton, Richter and Stettner (1979) classified the
granites as (G1, G2 etc., based principally upon the petrogenetic
sequence, In the Comubian batholith, Dangerfield and Hawkes
{1981) categorized the granites as 1A, |B, 2B etc., based on
K-feldspars and Li-micas. Exley and Stone (1982) classified the
granites in the same batholith as Type A, Type B etc., using mainly
textural features and mineralogy. For the comparison of granites
in the Comubian and Knisné hory-Smréiny batholiths, it is essen-
tial to unify terminologies and principal factors for the
classification of granites as faras possible. This is one ofthe aspects
of this study. To obtain the fundamental types of granites, a
statistical ,,Cluster analysis™ is applied. Rb, Ba, 5r, Zr, 5n, Rb-
(Sr+Ba), Al{Na+K+2Ca), Fe+Mg+Ti, Mg/(Mg+Fe), K/(Na+K),
and (Na+K)Ca parameters of 400 samples were processed by
computer for cluster analysis. Two methods of cluster analysis
have been used (Milligan, 1980). First; ’Average method’, which
indicate two mam clusters of the granites (Fig. 9). The plots
representing the clusters cormespond with the broad classification
of Lange et al. (1972) { OIC and Y1C granites). In fact, there are
many subfacies of granites, which have been distinguished by
Lange (ibid) and other authors, Second; ,.Seeded method” to
determine the subfacies 1n the broad types of granites. The initial
seeds (granites used to designate a group or a subfacies) for the
clusters were selected from the following localities in the Krudné
hory Mts.

Chuster | - Lokettype, Cluster 2 -Nejdek type, Cluster 3— Eiben-
stock type, Cluster 4 — Blauenthal tvpe, Cluster 5 — Cista type.
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Fig. 9. Geochemical clusters of granites in Cornubian and Kruiné hory-Smréiny batholiths
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The first two clusters represent the older granites and last three
¢lusters represent the younger granites. In the first cluster, granites
from Cornubian batholiths are absent, otherwise all clusters in-
clude the granites from both the batholiths. The cluster analysis
also reflected the tentative relationship among the pre- existing
classtfication schemes in the given provinces ( Table 4).

Table, 4. Relationship between present proposal and preexisting
npologios,

| i Comubian batholith K ruing hery-Sma€iny bathalith
i[l“.jf?'”“[ I[.'l':Ln perfickdExley Lanoe et [l[.i{?]ﬂllpiﬂ:iwﬁ Richter & [Stemprok
992) lacbakes  (&Stone  (1972) {(1974)  [Steuner  (1980)
P {|‘:fa'ﬂ!} {1982) :."__"__ {_]*i'."‘i'}

:{]mn]'l 512A-L1 E-F : YIC3  istaTvpe Y

:':i roup < [ TA-Li 12 LY 10 2-3 | R3-134 Crdl YO 2-3
Group 3| 1C0-28-2C | B [vict  [RiR2[G3 YIC 1-2-
i , : | O [
i{'rh‘-:_lr.l 2 A-1B-1C Eﬁ- |U]II_' B-2 [(SH2-5H3  [GLIR-GAR (O 243
Ciroup 1 A () i SHs-SHI |Gl OIC |

| ;' | | |

To determine the geochemical charactenistic features of the
granite groups, typical data for each group were scanned through
various world wide used schemes for different aspects of petrology
(summarised in Table 5). Following five groups of granite in the
Comubian and Krugné hory-Smiciny batholiths are clear (Rajpoot
and Klominsky, 1993) (see Fig. 10).

GROUP 1 granites —are biotite or two-mica, coarse-grained
porphyritic, undifferentiated, late-orogenic, tin barren, peralumi-
nous, monzo - granodione. The G granites occur mainly in
Karlovy Vary Pluton {Loket type), Eastern Krudné hory Mts, (Fiaje
type), Smréiny Mis. pluton (WeiBlenstadt and Selb granites, see
Fig 4).

GROUP 2 granttes — are two-mica or bio.mus., coarse-to me-
dium gramned, poorly differentiated, post-tectonic tin-barren,
peraluminous, monzo-syenoeranites, The G2 granites occur
mamly in Karlovy Vary Pluton {(Nejdek granite), Smriny Mis.
pluton (Waldstein granite, Kisseine-Kem granite, Reut granite),
Cormubian batholith (St. Austell pluton, Land’s End pluten, Bod-
min Meor pluton, Dartmoor pluton) (Fig. 4).

Fig. 10, Clasyification of granitic rocky affer Rajpoor (1992),

A F=Aluminopotassic granite | 1 = Noemal granite, - Caleic or
sodic granite == [ trend aof altered grandte, == 2 trend of K-metasa-
wmatic or aluming silicate vich granite,  —- 3 caleitized or athitized
granite, #; | —Granoadiorite, 2 — Maonzogranite, 3 — Monzo-
svenogranite, 4 — Syenogranite, 3 =Svenogronite. O [ — Highty dif-
ferentiated granite, 2 — moderately differentiated granite. 1, (afier
(ladde, 1980)) 1 — Tin minerafized granite, 11— Stanniferous granite,
[H = Tin barren grenmute. E; [ - Late-orogenic, I —Post-orogenic, H
— Post-orvagenic highly differentiated pranite.

firtangle — (1, crosy = G2, circle = G3, plus — G4 and box - G3)
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GROUP 3 granites — are two mica leucocratic, coarse or
medium-grained moderately differentiated, post-orogenic, partly
stanniferous, peraluminous, syenogrartites. main occurences of GG3
granites are Karlovy Vary Pluton (Eibenstock-Nejdek granite),
isolated bodies of Cinovec, Kynzvart, Smiémy Mts, (Komberz
granite, Kosseine-Rand granite, and Selb granite), Comubian
batholith {Carnmenellis pluton, Bodmin Moor pluton, see Fig, 4).

GROUP 4 granites — are cenerally two-mica leucocratic,
medium grained or fine grained, strongly differentiated, post-oro-
genic, stanniferous, highly peralummous, syenogranites. The G4
granites occur mainly in Karlovy Vary Pluton (patches in Eiben-
stock granite), isolated bodies of Cinovee, Kynzvart, Kiely,
Milife, Tridomi; Smréiny Mis. (Rand granite, and Zinngranite);
Comubian batholith {L.and’s End and Dartmoor and Bodmin Moor
plutons, see Fig. 4}

Tabie 3. Geochemical typology of granite groups various schemes.

E roup 1 Group 2 Group 3 Group 4 Group 5 |

Womenclature

1
| Hatchinson (1979) Svemite Syente G Ciramite Qe
iL'u.w. et al. (1979 Cr-Gd Cr-Gd Gramite Granite Granite
i Micddlemost (1983) Oramite Cranite Qranite Gramte Granite
!J.L' Matre (1989) Lad Ll WA, M i

IJJdmn & Le Fort (1983) [Adam  Adam  Gramte  Gramite  Graoate
|.|l..'I]?£lZ.'Il L1D7G) CAaund CAGHd CAGa CAla CAGa
IWinchester& Flyod{ 19771 Gd Ave Gdie Granle  Granite  Granibe
i] lapum (1963) Adam  Adam Gramite  Granite  Ciranne
|Rajpoot (1992) GdMg MeSp  Se Sp SeMMe
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Abbreviations in Table 5:
Cir = Granite, G = Granodiorite, Adan — Adamellite, CA = Cale Alkahne, Dio

= Diorike, Me = Monzogranite, Se = Syenogranse, High K = T high Petassium, 7

mica = Two mica granites, Lewco = [eucogranite, Meso = Mesocratic, Mamfy [
= Mainly Hmenite series, Sub-Afk = Sub-alkaline, 5 & =1 and & tvpe, O0T =
Unfractionated pramite, F5 = Fractionated prandes, NG = Nomal gramite, AG =
Abnormal granite, 50 = Stronely differentiated granie, i 8 =T barren gramte,
Steif = Stanmilerons granmle, Finmin=Tin nuneraleed gramie, FAG = Molcanic
are granite, SO0 = Syn-collision granite, 00X = Late omgemic granie, £LACACC
= |sland arcContinental are/ Continental collision granite, PO = Post ormgenie
pranite, RRCGTEL =Rl related gramte/ Continental epiorogenic upliit related
oranite, FPD = Very poorly differentiated, £0 = Poorly diffecentiated, M) =
Moderately differentiated, 50 = Stronzly differentialed
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GROUP 5 granites — are lithium mica- and topaz- bearing,
leucocratic, medium- or fine-grained, alkali-rich, moderate to
strongly differentiated, post-orogenic, stanniferous, highly peralu-
minous, syeno-monzogranites. The main G35 gramites are widely
scattered in smaller outcrops or cupolas in these batholiths. For
example, in the Karlovy Vary Pluton, {in small patches in Nejdek
and Blatnd), small isolated bodies are Cistd, Lesny-Lysina;
Zinngranite in Smréiny Mts. and Tregonian-Godolphin granite,
St.Austell pltuon, Cligga Head granite in SW England.

2.2 Distinct petrographical features

LZircon morphology

The morphology of zircons in the older (Gl & G2) and younger
granites (G3, O4, & G5) have been studied by Kodymova (1984,
& pc). According to her, zircons in the older granites are subhedral
In shape (Fig. 11a). Zircons in the younger granites are mostly
cuhedral and frequently show a significant overgrowth around
carlier formed zircon (Fig. 11b). The shape of core or inner part of
zircon in the younger granites is comparable to that in the older
eramites. The statistical analysis of 140 zircons from the older
granites and 100 zircons from the vounger granites was done
following Pupin (1980} and Pupin and Turco (1972)ymethodology
for zircon thermometry (Fig. 12).

The older granites have two peaks on the zircon thermometer,
The first peak is represented by 31.4% of zircons at 850"C and the
second peak 15 represented by 42.85% of zircons at 650"C tem-
perature. It 1s calculated that zircons in the older granites were
derived from a source rock at about 830"C and had crystallized at
6350°C. Most of the zircons (76%0) in the younger granites show a
temperature of crystallization at 650°C.

Triclinicity of K-feldspars

The structural state of K-feldspar in the Nejdek area (in the
Karlovy Vary pluton) older and younger granites  have been
studied by hirdnek (1982). There, the older (G2) eranites are
spatially associated with younger (G3, G4 and G35} granites. An
average triclinicity of K-feldspars in both older and younger
granites is very low (Fig. 13). Inthis Fig., it is clear that statistically,
the trictinicity of K-feldspars does not differ significantly in the
older and younger granites. However, there are some "outliers" of
triclimicity in both older and younger granites that plot higher than
the upper quartile range. Older granites show a relatively lower
triclinicity than the younger granites. Jirdnek (1982) suggested that
the lower tncilinicity in the older granites is due to the thermal
influence of the younger intrusive granite and rapid cooling (Hall,
1966). The older granites are similar to the Lesser Himalayan
grantes in many geochemical and petrographical characters {dis-
cussed later), but thers is a significant difference in triclinicity of
the alkali feldspars. However, some "outlier” values have similar
triclinicity, It supports the Jirdnek {1 982) suggestion that the alkali
feldspars in these granites changed to a partial triclinic structure in
the solid state during their development. Later on, the structure was
changed to monoclinic due to the effects ofhydrothermal solutions
in the surrounding faults and fissures in the older granites and
pressure associated with fault tectonics and autometamomphic
processes in the younger granites (Jiranek, 1982).



h YOITMOGER CGEAMNITES

O L Bl BE S ] o B

[ i . LI
--. .

£y LETF1N] FEERED

rIl. '-'G
AZ .8 W OLOEH GHRANITES
|L (140 EIR0C0NS)

S R
P - . 2"
=1 L mEG o AR -~ 11.4 ':“"T

" ol
200 B0 2850

T C

Fig. 12, Frequency distribution of zircon on temperature scalfe after

Pupain ( TUS0) fdata after Kedvmovd p.e

Restite minerals and xenoliths

In the elder granites, homblende, andalusite, cordierite, gamet,
and biotite + muscovite are common accessory minerals, which
occuras Inclusions and/or occur inthe intergranular space between
feldspars and quariz. Smaller amount of these minerals occur in
the younger granites. These minerals seems to be residual or
"restite” minerals derived from the partial meiting of pelitic rocks
(Exley et al., [983), Geochemically some specific trace elements
(Ba, 5r, V) are high in the older granites (discussed later). The
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Fig. 1. Box and whisker plots of triclinicity of K-feldspar in older
CU) cerrcd younger (1) granites in Nejdek part of Karlovy Vary pluton,
and of Lesser Himolavan granites (). tdata for Karfovy Fary
pinton are afier Sfirdnek, 1982, and for Lesser Himalava afier
Rerjperent, 988)

Fhe Box and Whisker plot divides the daca into four areas af equai
frequency. e box encloses the middfe 30%. The median is drawn
as e line jaside the box. The fines exiend from eacl end of the box
e called as whiskers™, The lower whisker is drawn from the first
gieariide to thie smalfost date paint within 1.5 interguartile ranges.
fhe wpper winsker (s deanwn from the third quartile to the largest
deta point within 1.3 imterquartile ranges. Data point bevond the
whiskers ave plotted individuadly (MeGill et al., 1978 and Frigee et
al 198U}

higher abundance of these clements and restite minerals favour
arsuments that mvolve xenolith assimilation {contamination) in
the older granmites {Lister, 1984). Xenoliths of various dimension
can be seen in both batholiths, The following sequence of devel-
opment of xenolith in the G2 granites from margin to center has
been proposed by Lister (1984) 1.- Foliated xenoliths, 2.- Unfo-
lated sediments, 3 .- Feldspar bearing xenoliths. In both batholiths,
roof pendants have been described in the younger granites (in the
Comubian batholith, Exley and Stone, 1982; and in the Karlovy
Vary pluton, Klominsky and Absolenovi, 1972). Such roof pen-
dants are rare in the older granites.

Topaz

I'he presence of topaz in the younger granites was considerca
as an important factor for the discrimination of the younger granites
irom the older granites by previous authors (e.g. Zoubek, 1951),
but m fact, its presence i1s not always confined to the granites of
younger group. However, lopaz frequently occurs in the younger
granites. In the G4 and G granites, topaz occurs asseciated with
K-feldsparandisreplaced by quartz This textural relation has been
explained by following reaction (Stone, 1986).

(Orthoclase) (Topazy  (Qtz) (K-+ions in soiution)
YK AL Si3Os+ 2HF = ADSIO4 F4 5Si02+H20 +K20

This reaction is sumilarto that of Glyuk and Anfilogov (in Bailey,
1977). If this reaction oceurs, than the involvement of F reieased
from the magmatic system during late-stage seems clear. There is
some experimental evidence to indicate that F is retained in the
magma mn preference 1o the coexisting vapor phase {(Koster and
Wyllie, 1968; Wyllie and Tuttle, 1961 and Hards, 1976}

Micas

Total mica content in the older granites {G1 and G2} varies from
B-13 vol%{exceptionally 19%0) and in the younger granite ((G3.G4

Prece CGL T 1903
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Fig, 4. . Box and whisker glots for Biotite/ Muscovite ratio inolder
(f} and younger granites ({{} in Krriné hory-Smrediny batholith

and G3) varies from 4-10 vol%. Biotite is usually more abundant
in the older granites and varies from 3-20 vol%, with an average
of & vol%. In the younger granites biotite (dark micas) varies from
1.5-6.5 vol% with an average of 3.5 vol%. Dark/white mica ratio

varies from | to 25 vol% in older granites and has an average of

2.5%. In the younger granites, the ratio varies from 0 to 5% with
an average of 1.2% (Fig. 14). The dark micas in the older granites
are most prebably biotite, as Li is deficient and Fe, Mg and Ti is
higher in whole rock analyses.

‘Textural relationships among Qt-Pl-K{

In the clder granites, inclusions of plagioclase, quartz, and biotite
in the K-feldspar are generally observed, but inclusions of K-feld-
spars in plagioclase is rarely seen. Inclusions of quartz in
K-feldspars is common but the reverse is rare excepl in granites
close 1o the younger granites. In the Comubian granites these
features have been discussed in "Megacrystic biotite granites" by
Exley et al. (1983). This sequence of cryvstallization corresponds
with the expernimental melting of natural rocks (Winkler, 1976},
The inclusions of K-feldspar in quartz is a common feature in the
younger granites, which may indicate late-stage grain enlargment.
In the younger granites, prowth of alkali feldspar and replacement
of earlier formed plagioclase in both the batholiths has been
discussed by several authors and is considered by some authors to
provide evidence for alkali metasomatism and also to outweight
the chemical and shructural arguments in favour of an early
magmatic origin {e.g. Kemick, 1969 and de Albuquergue, 1975).
The younger granites generally show the presence of drop-like
quartz, which is generally absent in older granites.

2.3 Geochemistry

The oxides of major elements were recalculated to cationic
proportions, to aid detenmination of the mineralogical significance
of the granites {La Roche, 1976, 1986). Five cationic parameters
that involve a complete representation of mineralogical characters
of the granites were selecied. The trace elements are discussed
individually and recalculated Rb-(Ba+Sr} is also discussed. Box
and whisker diagrams are used for statistical assessment of the
comparison between granite groups and also for their representa-
tive geographically distinct granile bodies. As the G1 pranites
appear only in Kruiné hory-Smréiny batholith, their box and
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whisker diagrams are not shown the along with the other groups
in Fig. 16, but they are shown separately in Fig. 17.

The alkali ratio { AR} is calculated as KA MNa+K) after Debon and
Le Fort {1988). AR varies from sodic to potassic types in the given
groups of granite (Fig. 15D). The G5 granites are "sodic" as aresult
of albitization: in them. The G3 granites are "potassic" (AR=0.50),
what favours the idea of potassium metasomatism. The rest of the
granites (G1, G2 and (G4) are "sodi-potassic” types { AR= 0,45
~ 0.50). Fig. 16 (A) indicates the variation in the alkali ratio
between the different granites; The Cornubian G2 granites are
more potassic than the G2 in Kruiné hory Mts. (Nejdek older
granites), but they are similar to the Smiréiny Mts. G2, The G1, G3
and G4 granites have insignificant differences of AR between the
three bodies. The Cornubian G5 is mere potassic than thase of
Krudné hory and Smréiny Mits.. The G5 (so called *afbite Li- mica
topes granites’ ) In Cornubian batholith is more potassic than those
of the Kruiné hory-Smreiny batholith. All types of granites in the
Krudné hory and Smréiny Mis. are similar in terms of alkali ratio.

Alumina Balance |Al{Na+K+2Ca]

Most of the granites are peraluminous (Fig. 15F). The Gl
aranites are “low aluminous’ (AB=10-20}, G2 and G3 are 'mod-
erate’ (AB=20-40, and G4 and G5 are ‘highly aluminous’
(AB=40}. Fig. 16 (C) indicates that all types of granite in the
krusné hory batholith are similar to the Smréiny Mis, granites in
terms of alumina balance, but the Comubian G3 granites are more
aluminous than the Smrdiny Mts. G3.

Mg/(Fe+Mg)

The Gl and G2 granites lic between the range defined for
magnestan association and ferriferous association (Fig. 15B). The
(i3, G4 and G5 are ferriferous. It can be stated that in general older
granites are more magnesian than the vounger granites. Fig. 16 (B3)
shows the variation in Mg/(Fe+Mg) ratio within the batholiths. The
ligure indicates differences between all three members (1.e. Krudné
hory Mts., Smr&iny Mts. and Comwall granites) in all groups
except m G1. The G1 granites have the ratios that are similar in
both the Smréiny Mts. (WeiBenstadt) and the Krudné hory Mts.
(Loket and Flaje) (Fig.17). This geochemical disharmony among
the plutons can be attributed either to the influence of host rock
environment or different compositions of source rock.

Alkali/Calcium ratio [(Na+K)/Ca|

The difference in ratio between older and younger granites is
shown in Fig. 15C, Increasing AC ratio may represent progressive
magmaltic differentiation. Fig. 16 D shows the variation in the
alkali/calcium ratio within the group. The figure indicates that all
three granite provinces are broadly similar within (heir respective
groups, except Comubian G2 and G5 granite differ from the
Smréimy Mts. G2 and G5 but are similar to Krugné hory G2 and
G5 respectively,

Normative feldspars

The average CIPW normative feldspars (Table 1) show that G5
is richest in Ab (=35%), G3 is richest in Or (=33%), and G1 is
richest n An (=10%). These observations correspond with other
zeochemical observations; for example, G5 is albite granite, G3
is K-metasomatised, and G is granodiorite to monzogranite. In
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Fig. I3, Box andwhisker plots of cationic parameters and trace elesents in individual growp of granites (G, G2, G3, G4, and G35},

Fig. HE, F, and G), it can be seen that nomative Or behaves in
a similar manner as the alkali ratio. and normative Ab is similar to
the alkali/calcium ratio.

Colour Index (Fe+Mg+Ti)

According to this parameter the older granites are "mesocratic’
and the younger granite are "leucocratic * (Fig. 13), Fig, 16 shows
the correspondence of colour index of individual batholith within
oranite groups except from Smeciny Mts. G2, which does not
correspond with Comubian G2, and Weillenstadt G 1 which does
not corresponds with Flaje G1 granites (Fig. 17).

Strontium

The (] granites are significantly rich in Srand do not comespond
even withthe G2 granites (Fig. 15). This may be difficult toexplain,
beeause the G1 and G2 granites have a close affinity 1o each other
in many other respects. However, the older granites contain rela-
tively higher concentrations of Sr than the younger granites. The
younger granile groups have similar Sr concentrations that are
much lower than those inthe G1 and G2 granites. Fig. 16 (1) shows
that the Smréiny Mts. and KruSné hory members of G2 and G3
are similar but the G4 and G35 granites are different in Sr concen-
tration. The Comubian G2 and G3 granites differ significantly
from G2 and G3 in the Kruiné hory-Smrtiny batholith. The
Comubian G4 granites correspond with the G4 in Krudné hory
Mts. The G3 granite in the Comubian batholith differ from G3 in
the Krudné hory-Smrtiny batholith.

Barium

Ba has nearly same pattern in all groups as Srand Zr (Fig. 15).
Fig, 16 indicates that the Smréiny Mts. G2 granites are abnormally
high in Ba compared with the other granites. G3 granites have

|8

similar distributions of Ba in all batholiths. The G4 and G5 granites
show significant difference between the Smréiny Mts. and other
batholith members as is shown by Sr. The Comubian G5 contain
high Ba and Sr than Kru3né hory-Smréiny G5 granites.

Zirconium

Zr shows similar distribution in all groups as Sr and Ba, except
that average Zr is very low in G5. The difference in Zr concentra-
tion between G3 and G4 is less than that of G4 and G35 (see Fig,
13). The box and whisker plots of Zr in different granite bodies
could not be done due to a large number of missing values in the
data set.

Rubidium

Rb shows reverse behavior to Sr, Ba and Zr. In older granites
Kb is lowerthan in younger granites. Among the younger granites,
(3 and G4 show a considerable similarities in Rb, but G5 shows
higher Rb than other groups {Fig. 15). Fig. 16 (J) show that
Comubian G2 contain considerably higher Rb than G2 in the
Kruing hory-Smréiny Mts, The Krudné Hory Mts. G3  contain
relatively higher Rb than G3 in the Smir¢iny Mis. and Comwall.
G4 granites in Smréiny Mts. contains relatively higher Rb than the
Comubian G4, but is similar to G4 in the Krusné hory Mts. G5 do
not show great differences, between the Krugné hory Mts. and
Comubian G35, except for a few representatives of Cornubian G5
which are slightly richer than the Krusné hory-Smriny G5,

Rb-(Sr+Ba)

To check the status of the cationic "alkali‘calcium ratio” parame-
ter for magmatic differentiation, Rb-{Sr+Ba)was calculated. Itis
found that the older granites show negative values and the younger
oraniles have positive values (Fig. 15). The trend of variation in 15
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similar as trend in AC ratio. In general, this may venify the
argument indicating the progressive magmatic differentiation from
older to vounger granites. But, if Rb-(Ba+5r) is checked in older
and younger granites seperately, than it can be seen that Rb-
(Ba+Sr) is distinct in both granites, The Rb-(Sr+Ba} patterns of
individual granite provinces in all groups are similar to the Rb
patterns.

2.4 Definition of granite groups

In the Central Europe and SW England the granites are classi-
fied into following groups according to the major and trace element
distributions.

Gl granites

The G1 granites are characterized by the highest concentra-
tons of TiO2, MeO, AlzQ;z, (FetMgtTi), Mg/Mg+Fe ratio,
nommative An, Zr, Ba, 5r and Th. The granites are also charac-
terized by relatively poor contents of Si0z, alumina balance, free
quartz, alkali‘calcium ratio, Rb and 5n (Fig. 15). The G| granites
appear oniy in the Kruiné hory-Smréiny batholith. All cationie
parameters indicate similarities among the G granites of Loket
and Flaje, (in Krudné hory Mits.) and Weillenstadt (in Smréiny
Mis. ) except for the dark mineral constituents (Fe+Mg+T1), which
are higher in the WeiBenstadt than in the Flaje (Fig. 17, 18A)
Normative An also differs in Flaje and Weillenstadt G1.

G2 granites:

The (G2 granites are characterized by relatively high concentra-
tion of TiO2, MgO, Al203, MgMg+Fe, normative An, Ba, Sr, Zr,
and Th { lower than the G 1 granites) and relatively low {but higher
then group | granites) 51072, alumina balance, alkali/calcium ratio,
Rb and Sn {Fig. 15). The G2 granites occur in both batholiths and

Alkaliy ratio,
Alkalijsecaleium ratle
MAlumina balanco

Mg {FeiMgl, FasMy+Ti
Hormati e feldapars

Loket Flaje

FotMgeTi. ... o
VYo rmalkle A, .. ?

Alkall ratio
Alumina balance
Mg /S{Fe+tMg)
Wormatie A&An & Or

Alkall ratim,
Alkali/sealeium ratio
Alumine bilancae

Hg/{FetMg), Fe+Mg+T]
Hormatis Faldspars

Fig. 18(A). Relationship between the Gl granite. The parameters
shown in inner boxes feomnected by thick fine) are not comparable
between the relative provinces. Arrows indicate trend of increas-
ing. The parameters in outer boxes are comparable between the
provinces connected by thin line.
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they are similar in all plutons in respect of alumina balance, dark
mineral constituents and alkalis, but there are dissimilarities in the
distribution of Rb, Srand Ba (Fig. 18B). The dissimilarities can be
attributed to different compeosition of source rock.

G3 granites

‘The (i3 granites are characterized by relatively high values of K20,
alkah ratio, and nonmative Or, and low values of Na2O/K20, and
AbO;3. The rest ofthe elements have concentration that lie between

hlkali ratio
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Hg /[ Fa+Mgh
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Fe+#Hrg+Ti
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Fig. 18(B). Relationship between the G2 granite. The parameters
shown in inner boxes {connected by thick line) are not conparable
between the refative provinces. Arrows indicate trend of increas-
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the (:2 and G4 granites although they are closer to the G4 granites
than the G2 granites, except for alumina balance and Sn {Fig. 15).
The GG3 granites in all the granite plutons are similar in most of the
cationic parameters except for Mg/(l-e+Mg) and Sr ratios, which
are higher in the Comubian granites. Rb is relatively higher in the
Kruiné hory batholith. Comubian G3 is more aluminous than the
smréiny Mts. G3 (Fig. 18C). The higher contents in Rb in the
Kruing hory batholith may indicate higher degree of the difteren-
tiahion. Higher magniferous nature {Mg/Fe+Mg) of Comubian (3
granites may be problemaitie, but probably explain the great abun-
dance of pelitic xenoliths in the Cornubian granites (Lister, 1984),
The (33 granites of the Smréiny Mts. and Krudné hory Mts. are re-
markably similar. The phase of G3 granite formatton in both
batholiths seems to be syngenetic and simultanecous, as their geo-
chronological data indicate about 290 Ma for G3 granites in both
batholiths.

G4 granites

In the G4 granites Si02, alumina balance, Rb, Rb-(Ba+5r), and
the alkali/calcium ratio are relatively higher thao in the G3 granite
but lower than in the G5 granites. On the other hand, dark mineral
constituents, Mg/{(Fe+Mg), alkali ratio, TiOz, K20, normative An
and Or, Ba, Sr, and Zr are higher than in G5 and lower than in G3
aranites (Fig. 15). The G4 granites in Comwall and in the Krusne
hory batholiths are remarkably simular in all caleulated geochen-
cal parameters (Fie, 1812, The G4 gramites in the Smr€iny Mis,
differ from the Cornubian and Krudné hory G4 granites in terms
af higher dark mineral constituents and Sr. This may reflect either
relatively less differentiation or more contamination by host rock
in the G4 granites in Smréiny Mts. . In general, the G4 granites in
all the batholiths are similar. Geochronologically they are slightly
younger than the G3 granites.

(G5 granites

The G5 granites are characterized by the highest values of
alkali/calcium ratio, Na>xOQ/K20 ratio, 5107, alumina balance,
normative Ab, Rb, and Rb-{Ba+5r) and the lowest value of
Ti0z, NazQ, Me/(Fe+Mue), normative An, alkali ratio, Ba, Sr,
Zr, and Th (Fig. 15). In the Cormubian batholith, the G35
aranites are similar to the Krugné hory G5 in terms of alumina
balance, and degree of differentiation but differ in terms of
having higher alkali ratio, dark mineral constituents and Sr
(Fig. 18E). This may indicate that the G5 granite in the Kruing
hory Mts, are more albitized than in Cornwall. The higher Sr
content in Cornwall may be due to contamination as pre-
viously mentioned. G35 in the Smréiny Mts. is similar to the
Kruiné Hory G35 granites but differes slightly from Comubian
G5 in having lower alkali ratio, Mg/{F'e+Mg) ratio, Ba and Sr
and higher alkali/calcium ratio. This may indicate that either
the pranites are highly differentiated or there was a phase of
dominant alkali metasomatism. In general, albitization was
more dominant in the Kruiné hory-Smréiny than in the Cor-
nubian batholith, otherwise the G5 granites are more or less
homogeneous in both the batholiths.
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Fig. 18(D). Belationship between the G4 granites. The parameters
shown in inner boxes fconnected by thick Iinel) are not comparable
hetween the relative provinces. Arrows indicate trend of fnereas-
ing. The parameters in outer boxes are comparable between the
provinces connected by thin fine,
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3. Petrogenesis of granites

3.1 Differentiation and crystallization

In Rb/Srvs Srvariation diagram (Fig. 19A), the G| granites plot
in the upper left comerand G5 granites plot in the lower right comer

of the diagram. In general, 1t ndicates an increasing order of

magntatic differentiation from G 1 1o G3 granites but there isa slight
shift in the regression line for older granites (G1 and (G2) and
younger granites (G3, G4, and G5). Thismay favour the arguments
indicating that the older and younger granites are separate phases
of granite magmatism. The G1 and G2 granites are close to the
regression line whereas the G3, G4 and G5 eranites are slightly
scattered. This may indicates influence of the host rock or different
composition of source rocks or some other factor. The dividing
lines for high and low Ca and tin barren and un bearing granites in
Fig. 14A after Lehmann and Mahawat (1989), fit well with
observations presented above, ez, G and G2 granites plot in the
[teld high Ca granite, and G3, G4, and G35 granites plot in the field
of low Ca granites. The line dividing tin bearing and tin barren
eranite is not fully verified in the present case. In the Zr vs TiO;
vartation diagram (Fig. 19} positive cotrelation verifies progressive
magmalic differentiation from Gl to G35 granites as it was already
mentioned. In the Rb vs Ba variation diagram (Fig. 19) a negative
regression line passes through G1 to G4 gramites, but G5 do not
correspond to this line, perhaps because G3 were highly influenced
by a post magmatic fluid phase.

3.2 Tin metallogeny of granites

Some variation diagrams have been used by authors to discrimi-
nate tin-bearing from tin-barren granites. These wvariation
diagrams, in fact indicate the status of magmatic differentiation,
which is one of the most significant parameters in distinguishing,
the metalliferous granites. Lehmann {1982, 1985, 1987) empha-
sized that granites from various tin provinces show a positive hnear
correlation between log Sn vs log Rb/Sr diagram and negative
linear correlation between log Sn vs TiOz (Fig. 19). He found that
the Belivian and Thailandian eranites have wide range of variation
of Rb/Sr ratio and contain low tin contents. The granites from the
Cornubian and Krudné hory-5mir¢iny batholiths have similartypes
of linear correlation (Fig. 19D & F). In Fig. 1), G3 granites plot
close o the line of regression, whereas the plots of the other granites
are more scattered, The G35 granites (which are practically related
to tin deposits) plot below the regression line. A similar feature can
be seen in the South-East Asian granites (Lchmann, ibid), where
the highly differentiated granites are also characterized by low tin
contents. This has been interpreted as  removal of tin by fluid
interaction (Lehmann and Harmonto, 1990}, The removed tin
might have been deposited in the fracture systems, in the cap
mantle of the granite bodies (Tischendorf, 1989; and Hosking,
1964), which is a commoen type of deposits in both the batholiths
examined here . In Fig. 19(D}, two trends are observed. The first
is represented by G3, G4 & G5 granites and the second by G &
G2 granites, In Fig. 19(J}, Sn is plotted against Rb. Inthis variation
diagram are some representatives of G2, which contain low Rb but
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relatively higher Sn content. Such representatives belong to the
Nejdek granites, where the underlying G5 have apophyses in it.
Possibly the tin was removed from the G5 granites during the fluid
interaction and enriched in the surrounding G2. Such interpreta-
tions have already been made by Richter and Stettner (1979) and
Stemprok (1986). In Fig. 19F, 1* indicates the average crustal
composition { see Taylor and McLennan, 1985), wich is close to
the plots of G1.

3.3 Postmagmatic fluid phase

In order to determine the influence of a postmagmatic fluid
phase, data are plotted in F vs Rb, F vs Srand TiQz vs Li variation
diagrams (Fig.19). F shows a positive comrelation with Rb and a
negative conelation with Sr. Similar to the F vs Sr variation
diagram, Li shows a negative correlation with TiO2. G1 granites
plot in field of low diftferentiation and (34 granites plot in the field
of highly differentiated granites. This supports the idea that F
enrichement is most probably a consequence of magmatic frac-
tionation. In places, F might be trapped in surrounding older
granites. Such host granites indicate high F while containing low
Rb/5r, and Rb/Ba ratios ( dotted circle in Fig. 19).

Lange et al.(1972) have examined the behavior of potassium in
Erzgebirge gramites, They concluded that K increases from the
older intrusive complex te the transitional granites (G3), and, in
subsequent phases, it decreases to the highly metasomatic granites
of the Younger Intrusive Complex (Y1C). Similar observations are
seen in Fig. 19 O&N, where K increases from Group | to Group
3 granites and than decreases from Group 3 to Group 3 granites.
In most of the variation diagrams, the plots of the older granites lie
close to the regression line, whereas the plots of the younger
graniles are scattered. This seattering of dala may be due o the
influence of postmagmatic processes. InTh vs U variation diagram
(Fig. 19P) 1t 1s clear that Th 1s higher in older granites and U 1s
enriched in the vounger granites. U is almost constant in the older
granites while Th varies, and in the younger granites Th is constant
and U varies. Late phase granites (G5) show cumulative U. These
observations may indicate different compositions of older and
younger granitic magmas or some other feature.

3.4 Two phases of granite magmatism

The granites in both batholiths have been divided into two main
suites (Older Granites and Younger Granites), which comrespond
to the typology proposed by Lange ¢t al. {1972) for the Krusne
hory granites, These two suites are characterized by distinct
petrography, geochemistry, geochronology, field relationships,
and associaled metallogeny. The older and younger granites seem
to represent two different events of granite magmatism during the
waning stages of the Hercynian orogeny. These episades are
presently designated as first phase of granite magmatism’ and
'second phase of granite magmatism’. The emplacement of grani-
tic magma probably took place in several pulses. Two pluses inthe
firsteventand three pluses in the second event of magmatism could
account for mtrusion of G and G2, and G3, G4, and G5 respec-
tively. It is important to note that G1 is absent in the Comubian
batholith, but the micro-granodioritic to micro-dioritic xenoliths in
the G2 of Dartmaoor may represent G 1 in SW England.



The genetic relationship between the first and second phases of
granile magmatism is not fully understood. However, definite
intrusive reiationships between the older and younger granites has
been observed in the Karlovy Vary pluton, in several drilling
projects (Skvor, 1975). In most cases, it is found that the older
granies arc underlain by the younger granites. This suggests that
the older granites prepared the structural foundation and later the
younger granites followed the feeder pipe and intruded the older
granites. This may explain the small extent of contamination in the
younger gramites of the Karlovy Vary pluton. Geochronologically,
Larbyshire and Shepherd (1985) indicated that the first dominant
phase of granite magmatism in SW England appeared in 290 Ma
and the second dominant phase appeared 10 Ma later. However,
other authors believe that the first phase of granite magmatism took
place prior to 300 Ma (see Adam, 1976; Hawkes, 1981). In the
smr¢iny Mts., Besang et al. (1976) concluded that two different
sequences of crystallization correspond geochronologically to the
fst and second phases of granite magmatism, Trace element
seochemistry clearly favours the idea of two contrasting granite
suites which correspond to the first and second magmalic events.
[3ut some elements show a gradual variation in their concenmration
irom G to G3. These are Li, F, Sn, and B. In fact, these elements
and their minerais are suitable for distinguishing the phases of
aranite formation. In both the batholiths, younger granites are
cmpiaced into the older granites, so that the surrounding older
cranites are intluenced by volatiles concentrated in the residual
Huids of the younger granites. This is clear, from some samples of
(2 granites lying in the contact zone of younger granites (G4 and
G5} the Nejdek part of the Karlovy Vary pluton, that these have
nigh biotite/muscovite ratios, and concentration of Ba, Sr, Zr on
the one hand and on the other hand high Li, Sn, and F. Such
‘impure’ granites generally join the clusters of first and second
phase granites in variation diagrams. This hybridization can be
mterpreted as a result of a fluid interaction process {Et-:mpr-::-k,
1980, Lehmann, 1990). The assumption of two different phases of
aranite magmatism is partly favoured by geochronological data,
which indicate about 10 Ma difference in the emplacement of
olderand younger granites (Tischenderf, 1989 and Darbyshire and
Shepherd, 1985).

_——..

Fig. 19 Variation diggrams, The lines in variation diaerams Sfrom
Ato ! are not calcwlated regression line but they are visual fit lines
excep in Fig E and G. The dividing lines in A are after Lehmann
(1990}, Lines in A, B, and C indicate trend of magmatic fractiona-
tion. Dotted circle in D, F, 1 J, Kand L indicate older granite fving
just above the younger granites in the Nejdek part of Karlovy Vary
pititon. Solidarrow in F, K, L and M indicate change inrelative pa-
rameter due o fluid interaction. fn figwre D, | and 2 indicate
trend for older and vounger granites respectively, and in I, indi-
cate a linear regression in Thailandian granites after Lehmann
(1590). In L and N linear correlations for different tin provinces
after Lehmann (1982). Infigure Eand G correlation fines represent
dollowing iin provinces fafter Lehmann, 1982): [-Biue Tier, Aus-
tretlia 2-Krusné hory Mis., NW Bohemig 3&4-lberia, Portugal 3-
Cordillera Real, Bolivia 6-Cormwall, England 7-Viseu, Partugal
d-Montebras, France 9-Sardegna, Ntalv 10-Cape. S.Afvica Gl-up-
triangle, G2-down triangle, (i3-open circle, Gd-half filled cirele,
G a- solid eirele,
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3.9. Chronology of magmatic events

There are insufficient Rb/Sr ages of granites in the Krnuiné
hory-Smréiny batholith so that relative ages of emplacement of the
granites in both batholiths is difficult to establish. However, Rb/Sr
dates for granites in the Smudiny Mis. pluton of Kruiné hory-
Smréiny patholith and Cornubian batholith have been determined
maore systematically by Besang et al. (1976) and Darbyshire and
Shepherd (1985) respectively. The available geochronological
data for the granites are summarized in Fig. 20. The older granites
{G1} in the Knsné hory-Smréiny batholith has been dated as
325+ 11and 318 £ 5 Ma (Gerstenberger, 1987). Representatives
of (G2 granites in Cornwall (St. Austell and Dartmoor) and the
smrciny Mts. { Randgranite) indicate ages varying from 29010 280
Ma. The G3 granites in both batholiths have been dated between
288 and 275 Ma. The ages of G4 and G5 vary between 285 and
268 Ma. It is interesting that all representatives of the different
aroups of granite in both batholiths give nearly the same age, but
some G4 and G5 granites show differences up to 20 Ma. G4 in the
Land’s End granite gives a younger age than the G4 Zinngranites
in the Smr¢iny Mts. The geochronological data for G4 and G5
eranites in the Kruiné hory-Smréiny batholith are insufficient for
COMparison.
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Fig. 20 Age of emplacement of granites in Kruiné hory-Smréiny
(4) and Carnubian (B) bathaliths.
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4. Origin of granites

The problem of interpreting and commenting about the origin
of granites is still in an elementary stage, though a lot of philosophi-
cal and experimental work has been done by many authonties (e.g.
Sederholms, 1923; Buddington, 1933; Read, 1948; Grout, 1948;
Goodspead, 1948; Tuttle and Bowen, 1958; Menhert, 1968;
Winkler, 1979, Miyashiro, 1972; Green and Vsdausky, 19806,
Brown, 1948; Ramberg, 1949; Wyllie, 1983; Mehnert, 1968;
Didier et al., 1973; Raguin, 1965; Barker, 1981; Chatterjee and
Strong, 1985; Strong et al,, 1974; Clemens and Vielzeuf, 1987 and
many others). Presently, some observations are discussed in an
attempt fo construct an image of the origin of granites in the
batholiths studied here,

The seismic surveys in SW England and the Kruiné hory-
Smréiny Mts. indicate the presence of a significant reflector at
depths of 10 to 15 kan. The MOHO discontinmty has been
interpreted as occuring at adepth of 26 to 30 km. This may indicate
that the source of magma occured between 15to26 km. According
to Thomas (1989) and Tischendorf{1989) the magma for the older
granites was generated at a minimum depth of 21.1 km and for
the younger granites slightly deeperat 25 km. This estimate differs
slightly from the estimate made by Charoy (1986) for Comubian
eranites (about 17-19km},

The composition of the parental rock is controversial. Charoy
(1986) suggested that the source rock for the Comubian granites
could be similar to "'Brioverian pelite’. Lehmann {1982) sug-
cested that the fo favour the enrichment of Sn in the residual liquid.
Lehmann expected such an oxygen fugacity from the partial
melting of a metasedimentary sequence of black shales and
greywackes, The presence of biotite, gamet, cordierite, and
andalusite restites may indicate a pelitic composition of the source
rock.

The isotope measurements and petrography of the {gmnitcs
indicate that they are mainly S-type granites with an Yr/A0Sr ratio
{.7086 (an average). But the 8751208 r ratio is exceptionally lower
in the G 4 and G 5 granites of Altenberg (0.686) and Ehrenfijed-
ersdorf{0.701}{in Tischendorf, 1989)(Fig. 21). Thismay indicates
the participation of mantle material in the generation of granitic
magma. Similar opinions have been proposed by many authors
{e.g. Dham, 1985; Leeder, 1985; Schiitze and Stiehl, 1985; and
Stiehl et al., 1985). Gerstenberger et al. (1986} concluded that the
younger granites were formed by mixing of 60-70 %o of the mantle
and 30-40 % of the lower crustal material, based on Sm-Nd
measurement in the granites of the Krusné hory Mits, These
observations were made n granites lying in a cauldron in the
northeastern part of the Kruiné horv-5mréiny batholith, (Jirdnek
etal., 1987 unpublished report). In the westem part of the batholith
(Smriny Mts.), Sr ratio varies from 0.7,74 10 0,7177 in Smréiny
Mts, ites (Besang et al.,, 1976). Similar measurements of
H?Srf*%;n ratio have been obtained in Comubian batholith {Dar-
byshire and Shapherd, 1985). These measurements can be
interpreted in terms of the crustal origin of the granites, although
higher %7513t ratios have been measured in truly anorogenic
provinces e.g. Nigeria (van Breemen et al., 1975).

Petrographically, the first phase of granite magmatism shows
crystallization of biotite later than quartz and K-feldspar
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(AL/KEQUBI). In the second phase, Ab/KE/Bi/Qt have in addition
crystallized later. In this order crystallization of biotite is of
particular interest, because its stability relative to quartz and
feldspars seems to be ruled by the water content of the magmatic
system (Piwinskii and Wyllie, 1970; Piwinskii, 1973, 1975; and
Maaloe and Wyllie, 1975). The actual position of biotite in the first
phase is similar to that in the expenimental results for the water
undersaturated system. Rocks of similar composition have been
produced at about 7 kb (27-28 km) and 800 Oc {Brown and Fyfe,
1970 and Fyfe, 1973). Similar, P-T conditions forthe granites have
proposed by Charoy {1986). Higher temperatures can be assumed
for the formation of granitic magma in these provinces ifthey are
denived by an orogenic crustal anatexis (Wedephol, 1991). Other
experimental studies indicate the genesis of granite in water
saturated system (e.g, Tuttle and Bowen, 1958, Luth et al., 1964
and Winkler, 1979). Petrographical and geochemical observations
show that the initial melt for at least the older granites could have
been generated 1n a water-undersaturated system. Recent experi-
mental studies also verify this assumption (e.g. Johnson and
Rutherford, 1989; Johannes and Holtz, 1991).

It is generally agreed that 4% H2O is essential to form 50% melt,
which 15 able to rise in the crust. Johannes and Holtz found that a
imitial melt with 50% melt plus 50% quartz and feldspar would
oceur at 720 'C 10 920 °C and 8 kb pressure, in a closed system,
This temperature accords with zircon thermometry, which indi-
cates 800 C for the initial crystallization of the melt in the older
granites, The amountofmeltat given P-T conditions would depend
upon the availability of water {Johannes and Holtz, 1991), whose
supply could be provided by the break-down of muscovites in a
close system or from some external source.

In the later stages of the second phase of granite emplacement,
an addition of a fluid to the solid to sub-solidus state of the granite
melt might have occurred [étempml-:., 1986). The source of fluid,
which gave rise to 5n and associated mineralization is not fully
understood. There are two schools of thought pertaining the source
of Sn in granites. First- Sn was derived from the source rock from
which the magma was derived, and in the case of lin deposils
associated with the granites, Sn was ennched sufficiently in the
residual melt during crystallization. Second- Sn was brought ta the
magma by a fluid phase. In fact, both schools of thought are logical
and confirm with some petrographical and geochemical evidence.
It seems that geochemistry and/or petrography is unable to distin-
guish the differences. Perhaps, the alkali-rich fluid could have been
derived from the lower crust or upper mantle (Groves and
McCarthy, 1978; Chauris, 1977; Stemprok, 1977, Sainsbury etal.,
1968, Barsukov and Dmitriev, 1972; Bermnard, 1980: and others)
or it might have been a residual liquid from the crystallization of
the main phase of the grantes (Bowen, 1945; Tuttle and Bowen,
1958; Plimer, [98(); Hesp and Varlamoff, 1977; Brunhamm and
Ohmoto, 1980; Sattran, 1981; Lehmann, 1982 and others). It is
important to consider, - is the amount of fluid derived as a residual
liquid sufficient for the metasomatism of such a huge mass of
granites 7 If not, then from where has the fluid been derived 7 A
general observation of the world-wide distnbution of tin metallo-
genic fields indicates that granites associated with mineralization
are characteristically highly differentiated, high 375r/2%Sr ratio,
S-type, and peraluminous, leucogranites, occur in thin crustal
provinces (30 to 40 km) (Table 6).
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 Table 6. Crusial thickness under tin barren and tin bearing leu-
cogranile provinces.

Crustal thick provinees
{Tin barmen keweograniies)

Crustal thin provinces

|
| { Tin bearing leucogranites)
|

| Alrica i{IU-J{} km) Higher Himalaya |(65-70 km)
| Hercynian Europe | (35-40 km) Alps (50-35 km)
l:‘S.E. Asia |{2$-3[} km} Tatn Shan (45=-30 km)
|E. Australia |{30-40 km) N. Pamir (65-70 km)

The intrusion level of the older granites can be determined with
less confidence than that of the younger granites, because the
former are deeply eroded whereas the roof of the younger granites
is stili preserved. In general, the roof of the younger granites lies
neariy parailel to the present surface at many places. The younger
granites can be assumed to have been emplaced at a depth of
berween 3 and 6 km as the separation of fluid from melt and the
precipitation of metal have been calculated as pressure decreased
below 2 kb({MNakano and Urabe, 1989 and Candela, 1989). Thomas
(in Tischendorf, 1989} has calculated that intrusion level of about
7 km for older granites and about 3 km for the younger granites in
the Kruiné hory-Smréiny batholith (based upon fluid pressure
calculations and the linear correction refation between Pws and H).
Charoy (1986) estimated that the final crystallization of the ear I}*
Comubian magma{G2 or older granites) took place at about 650 ’C
and 2-2.5 kb pressure, which corresponds o 7-9 km depth.
Charoy’s estimation is not inconsistent with Thomas’s estimation
for older granites in Kruiné hory Mts. Flyod (1971) estimated that
the load pressure in Land’s End aureole was | kb or less, repre-
senting a depth of 2-4 km, and a similar depth was proposed by
Allman-Ward et al. {1982) for the emplacement of the Wheal
Remfry complex at St. Austell (younger granites). These estima-
tions of depth for emplacement of younger granites in Comwall
are similar to Thomas's calculation for same in Kruné Hory Mits.

A tentative model for crystallization in the granites in the
patholiths cnnmdcred here is shown in Fig. 21. An initial melt is
estimated at 920 °C and 8 kb P with 4% H20. The melt fraction
of magma, the water activity and the viscosity increases wuh
decreasing pressure. The temperature slightly decreases to 700 %
The wsr:ﬂmty is approximately two orders of magnitude lower than
it was at 900°C. This is related to the higher amount of water in
the melt at low T (Johannes and Holiz, 19921). In the subsequent
stage ofmagma development, an addition of fluid phase may occur
at low P and T conditions, ﬂllhﬂugh not lower than as required for
metasomatism {e.g. 400-600 OC and 24 kb pressure, Ivanova and
Naumov, 1983). If the followings could be accepted as facts, an
approximate madel for the evolution of the granites shown in the
cartoon diagram (Fig. 22) can be considered:

- Base of older granites lying at a depth of 4-6 km.

- Base of younger granites laying at the depth of 14-15 km.,

- 20-25 km depth for magma formation.

- Roof of younger granites nearly parallel to present surface.

- Younger granites are intruded into the older granites,

- Older granites are eroded to a deeper level and the
younger granites are not yet fully exposed.

- Older granites emplaced at 330-331 Ma and younger gran-

ites emplaced at 270-290 Ma,

- 10 Ma interval between older and younger granite emplace-
ment.

According to this model ¢ to 10 km of crustal thickening
might have occurred during 10 Ma of the late stage of the
Hercynian orogeny, and the feeder pipe for the older granites
was followed by the younger granitic magma.

P {kb)

500 800
T (°C)

1000

Fig. 21. A tentative model for crystallization path of granitic
magma in Cornubian and Kruiné hory-Smréiny batholiths: I - soli-
dus of granite (Wllie, 1977), 2 — liguidus curve of biotite (Burn-
ham, 1979), 3 — crystaflization path for haplogranites (Johannes
and Holtz, 1991}, 4 — crystallization path for granites in the Cor-
rubian and Krufné horv-Smréiny batholiths, 5 — addition of fluid
phase io the vounger granites. The peotherms ave drawn after Reler

(I968).
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Fig. 22, . Cartoon diagram showing an evofution of Kruiné hory-
Smréiny batholith,
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