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Granites and Metal deposits
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What is granite?

Controversy surrounding the origin of plutons (granites)
5148

Classification
fEZ25%R5. LTIk

Granitoids series and mineralization

KIEDBIIFAGEEETHAHAN, TORYILLIZER
RGN o=, ERALDOEENHY . Mo LI=BRI~
DRELAKROH LN TS,



e aE &L What is Granite?

* Granite A visibly crystalline plutonic rock with granular
texture; composed of quartz and alkali feldspar with
subordinate plagioclase and biotite and hornblende.
(Dictionary of Geology & Mineralogy. McGRAW-HILL)

. PAVEEEE JTLUVITERESCRMAE (ST
% 11, ERiE- Ad50)



KBERE N RER Neptunists and Plutonists
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Neptunlsts believed that granites - along with all ro
were precipitated from the oceans.
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Plutonists posited that plutonic rocks had their origin in fire
and were crystallized from magmas.

(BRI, &I - A ; Coleman et sl., 2016)
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Johann Wolfgang Goethe
Neue Gesamtausgabe des Originalverkages.
Schriften zur Geologie und Mineralogie.
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Neptune and Pluto

Greek god of sea and earthquakes God of underworld

From National Earth Science Teachers Association (NESTA)


http://www.windows2universe.org/mythology/images/neptune_florence_jpg_image.html
http://www.windows2universe.org/mythology/images/neptune_florence_jpg_image.html
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Ultimately, it was the recognition of dikes (tabular bodies of
rock crosscut older rocks) that vanquished the Neptunists.
Plutonists successfully argued that these rocks could not

_have been deposited from the sea.
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ZefE]f5l#8 Room problem
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Volcanic rocks can be witnessed to erupt as crystal-liquid
mixture (clearly igneous). However the evolution of plutonic
rocks is not directly observable.
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Room problem: If granites intrude as magams, how are the wall
rocks displaced in order to make space for the granite?




it B1EYER Granitization
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(BRI, &R ASK)

During a 1947 conference by GSA, the origin of plutons had
evolved to debate between a melt—-dominated mechanism
(crystallization from a magma — magmatism) or a metasomatic
mechanism with minor melt (the dominantly solid—state
alteration from a magma — migmatism).

(Coleman et al., 2016)
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Melting experiment for rocks and plutonic-volcanic
connections support magmatism concepts. Stopping
mechanism is supported in intrusion system.



AR—E>7 Stopping, Magmatic stopping

Granite ---
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A process of igneous intrusion in which magma gradually works
its way upward by breaking off and engulfing blocks of the
country rocks.
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e BB Z A revival of the room problem
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A look into the room problem and plutonic-volcanic
connections provides a good view into why it is critical to
understand the pace of plutonism. During the late 1980s
to early 1990s, there was a revival of interest in the room
problem for granite plutons.
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Amalgamation of many dikes and/or sills
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It is proposed that most granitic plutons could form through the
amalgamation of many dikes and/or sill. The earliest intrusions
would cool quickly and preserve contacts due to contrast
between wall-rock and magma temperature. An incrementally
assembled granite pluton spends significant intervals at or near
magmatic temperatures, helping to erase contacts between
increments.
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Fine-grained granitic layer (sheet) is often developed
in the Host granitic body.
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Fine-grained granite
is spreded between
coarse-grained
granite and roof-like
sedimentary rocks.
Batholithic body can
be produced by
repeating the above
type granite mass.

ETTCTE 1 Y s e QTLIUN. SN U AR D 19T
. “amiwia [ MalnA Ane




fEmERILTDE AR R
Intrusive relation between two granitic bodies

Inada Granite
Coarse-grained
granite

Amabiki Granodiorite
Leuco margin

Medium-grained
granodiorite |
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ERRAE DEBITE Dating plutonic rocks (Granites)
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Zircon U-Pb age: Zircon begins to crystallize (zircon saturation
temperature, >800°C) when the magma becomes completely

solid.
Titanite U-Pb age: Titanite leaks daughter Pb down to

temperature of 680°C (closure temperature).
Hornblende Ar-Ar age: The closure temperature is 550°C.
Biotite Ar-Ar age: The closure temperature is 350°C.



SH1SE  Cooling rates
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Incrementally assembled plutons slowly add heat to the
system over the duration of pluton assembly. Individual
pulses initially cool quickly. Therefore high-temperature
chronometers may vield a tight age cluster and low-
temperature chronometers may yield a spread in ages. In the
Tuolumne Intrusive Suite (CA, USA), the magmas had
accumulated and solidified over a 10 My interval between 95
Ma and 85 Ma.
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Basic and qualitative

classification
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Classification of igneous rocks

A CLAssIFICATION OF IaNEous Rocks

Cooling History/Texture

An Introduction To Igneous Rocks

Slow Cooling Fast Cooling Very Fast Cooling
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Rx/introigrx.htm!
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Classification of igneous rocks based on mineral assemblage

Volcanic: Rhyolite Dacite Andesite Basalt Komatiite
Plutonic: Granite Granodiorite Diorite Gabbro Peridotite
100 ' :
Orthoclase
vol% of |
Minerals &
NS
Plagioclase o‘g
50
0

70 65 60 55 50 45 40
Wt% SiO,
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http://upload.wikimedia.org/wikipedia/commons/f/f4/Mineralogy_igneous_rocks_EN.svg
http://upload.wikimedia.org/wikipedia/commons/f/f4/Mineralogy_igneous_rocks_EN.svg

ViArak= —F#R7%¥8 Modal classification of granitoids
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http://upload.wikimedia.org/wikipedia/commons/7/77/Qapf_diagram_plutonic_05.svg
http://upload.wikimedia.org/wikipedia/commons/7/77/Qapf_diagram_plutonic_05.svg

EOFZRDHRAENISRX S fEEAE RS Granitoid series
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The greatest contribution to the granite petrology during the
last quarter of 20t century would be the proposition of the
granitoid series : magnetite—series, ilmenite-series, |-type, M
—-type and A-type. The granitoid series has been employed as a
tool for mineral exploration, because they are closely associated
with particular metal deposits. Australian and Japanese
geologists have played an important role on the establishment
of the granitoid series.
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Alphabetical classification (I, S, M, A, -type)

-type/S-type A —RKFZ!) 7 MDChappell & White DN ZIELT=5$E
247 CalZBL
-type AREZEL

Occurrence of Ca-bearing mafic minerals such as
hornblende and rich in Ca.
SRAA T AlEKIZEH. Ca&NalZZLLY
S-type BER. F ot/ A. FI/0A XA BERBAZED
Presence of aluminous minerals such as cordierite,
garnet, Al2SiOs minerals and muscovite, and rich in K
and Al and poor in Ca and Na.
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The |-types are contributed by the igneous rocks in their magma
genesis and the S-types by the pelitic sedimentary rocks.




EEBDTILIFNYRDHE(, S, M, A, -type)
Alphabetical classification (I, S, M, A, -type)

MBAT CalZEH.KIZZLLY
TRV E
Rich in Ca and poor in K.
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FILAIZEO K EahBEE
High alkali and low H20 (anhydrous) contents
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The M-type granitic magma is related with the low alkaline mafic
igneous rocks of the upper mantle origin. The A-type granitoids
are often accompanied by the felsic igneous rocks of the alkali

rock-series.
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Granitoids series proposed by Ishihara
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The magnetite-series granitoids are characterized by the
presence of magnetite and high Fe**/Fe®* whole -rock ratio and
crystallize under the oxidized condition .
The ilmenite-series granitoids are characterized by the lack of
magnetite and low Fe’* /Fe**whole-rock ratio and solidify under the
reduced environment .
The magnetite-series granitoids are closely related in their magma
genesis to the igneous rocks oxidized on the earth’s surface and
the ilmenite-series granitoids the crustal materials containing
crustal carbon.



1B A R 5D 7% Distribution on the granitoids series

Magnetite-series granitoid
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In Southwest Japan, the
ilmenite series rocks are
dominant in Ryoke and
Sanyo belts and the
magnetite series rocks are
dominant in San-in belt.
(Ishihara, 1977)
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Granitoids series based on modal analyses
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The granitoids
series rocks are
distinguished from
modal analyses.
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How to distinguish the granitoids series type in practical

1. E—FEBDO A FEHILE Opaque mineral modal
data: 0.1 vol.%
2 B ABE Magnetic susceptibility:100 x 10°emu/g. 1
or 3 x 1073 SIU
3.2 A& Whole rock chemistry: Fe203/FeO (wt. %): 0.5
UEDEHIYRESMEZFDOEE N HERILR., /NS
WS SIZITFF %8R TS, The magnetite series
rocks show over these values; the ilmenite series rocks
less than these values.
L0 EFEICIIMATEFTLTERBIZMET 60 ES
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A
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Homepage of the Raax Co., Ltd ‘
"'\
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Selected items Cu-Mo deposits Sn-W deposits

Related granitoids Magnetite-series lImenites-series

Rock composition Tonalite-granite Granite

Breccia pipe Common Rare-none

Pegmatite cap None Common

Orebody Large vertical Small vertical
extent (1-3 km) extent (100-300 m)
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Molybdenum (Mo) and Tungsten (W) ore deposits in south-west Japan
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BRI (AT RT2)
Kuga Mine (Tungsten)
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This mine dug silver, tin, copper and tungsten ores in 400
years history. Now the mine works as mining theme park.
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Appendix 1: Granite and ore deposits in central

Mongolia
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Concepts was applied to granite and ore deposits in

Mongolia.
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Geologic Map in Bayankhongol area, central Mongolia
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Fig.1 Simplified geologic map Modified from Geology Group of IGMR Project (1999). The word “gol” in this figure 3

means river in Mongolian.
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Field occurrences of granite in Mongol
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Late Paleozoic

Mafic minerals

Batholithic bodies

© Shar-us-gol Granite
m Khangai Granite

£ { 1= LAY
K-feldspar Plagioclase Plaginclase

Quarlz  siock-like small bodies
O Ulaagehin Complex

3¢ Saran-uul Complex
o Tsckh khudag Granodiorite

g Ps0gf Khaitkhan Complex
@ Daltyn-am Complex

Plagioclase Plagioclase K—fgdspar
+

Early Paleozoic
Quartz Mafic minerals
Stock-like granitic bodies
A "Ordovician® granites
Batholithic bodies
m Tsakhir-uul Complex
o Telmen Complex
= Togtokhynshil Complex
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Plagioclase
log + Quartz

Fig. 2 Modal compesitions of the granitoids
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Daltyn-am Complex

ACNK

3.0

FERALUMINCOUS
Tsahir-uul Complex

ASCNK

A=k
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Chemistry of granites

A/NK: Al203/(Na20+K20)
A/CNK:Al203/(Ca0+Na20+K20)
(EILEE)
{EZMMETI-214T . S-314T A=

RAT%
F9 5,
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X
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THEHT DY,

PA-FLTDHEZETRT,
Granites are dominant in I-type
but partly in S—type and A-type.

Fig. 3 A/NK vs. A/CNK diagram A/NE: ALQs/ (NagO-+Ex0), A/CNEK: ALOy/ {Ca0- Nay0+Ky0) in molecule,

I, 5, and A are fields

(e.g., Tumurchudor, 1990 Davaa et

1989; Bavarsaihan et af,, 19907 and ouxr

the texts of pr
unpublished data.

evious

of T-, S, and A-type graniteids [Chappel and White, 1977; Collins ef al., 1982). Boundaries are
medified on the basis of Maeda ef ¢l. {1986). Chernical data are based upon data in
al.,

geological maps
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Age data of granites
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Fig. 4 Histogram of age data
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16 =28 Granite distribution in the area

Granitoids in the Bayankhongor area
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Fig. | Geologic map. Simplified and based upon Byamba (1985), Stale Geological Fund (1993)
and Tungalag {1997).
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1B B FE D L EE Magnetic susceptibility
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Magnetic susceptibility of Granitoids
in Early Paleozoic
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Fig. 2 Magnetic susceptibility of the granitoids in early
Paleozoic,
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Fiz. 3 MMagnetic susceptibility of the pranitoids in late
Paleozoic.

BUEERDOEEESEOSHE
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Fe203/FeO

Frequency of the Granitoids having
Fe:04/Fe0 over 0.5 (Early Paleozeic)

W F B so100%

0 W00km [ s

| — j

Fig. 5 Frequency of the granitoids having Fe.0s/Fe0 ra-
tio higher than 0.5 (Early Paleozoic).

Freguency of the Granitoids having
Fe204/FeO &gver 0.5 (Late Paleozoic)

B 90-100%
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A 40-60%
& 10-40%
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Fig. 6 Frequency of the granitoids having Fe:0;/I'e0 ra-
tio higher than 0.5 (Late Paleozoic).
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TERAERINDEED Summary
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llmenite series is dominant in Late Proterozoic, ilmenite series in

Ea

rly Paleozoic, Magnetite series in Late Paleozoic and limenite

series in Mesozoic. Pair of two series shifted towards Northeast.
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Ore deposits and Granite in Late Paleozoic

Relationship between metal deposits
and granitoids series in Late Paleozoic
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Fig. 7 Relationship betwesn the selected metal deposils
and the granitoid series in late Paleozoic.
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Copper and gold deposits occur
in Magnetite series, while Tin
and Tungsten deposits in
lImenite series.
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Appendix 2: More deep research
with mineralogy of granites



Tt B FED LM Mineralogy of granites

(FD1) ARRAREAHET Hornblende geobarometer

1D EE (Phase Rule)

D (P), 7 DE(C). 2D BHE (F) DREIDEER

F=C4+2-P

Bl —R DR TIDDMENFEEIZHDHE, F=0. [RELE NI FEFIZHEE,

B, 2DDHENEEICHDHE F=1. BEZTROLEENNERE. EHZTROHLHE
BENETE,

HILOTILAH)TERES

Si02, Ti02, Al203, Fe203, FeO, MgO, Ca0, Na20, K20, H20 ----- C=10

ARG EEF . FBRA. ERA. A&, (RI7xz—2  HEkih, 72885 D
5MN2#. BREERIAI T HERLTFE - P=9

F=C+2-P=3

TEEaDEFEER (V)T R)DEEL700°C, REKFEHELLY,
MEAOMERIIA)TILA~T7OTIOUT—RE,

BHEE2FY. F=1. AL THEL,

fFONEETAEZLH AN R7x—>  Hitkih. FAU#ILNDS>620HN
[EREFLEIELELY, )



(continued)

Total Al content (Al (t) ) of magmatic homblende coexisting
with melt, hydrous fluid, biotite, quartz, K—feldspar,
plagioclase (oligoclase to andesine) and two

phases of sphene, magnetite or ilmenite in granitoids

correlates linearly with crystallization pressure at the time
of intrusion.

Phase rule; F=C+2-P

C=10 (Si02, TiO2, --,H20); P=9 (hornblende, biotite, --, melt,
vapor)

F=10+2-9=3, Solidus temperature=700°C, Composition of
plagioclase=0ligoclase

Therefore, F=1, which means pressure is variable.
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Why does Al become an indicator?

R E D EMMIEL- RIS,

A&7/ —H M MEERB=ARAG+ERSR

2xSi02+2xCaAl2Si208+KMg3AISi3010(0OH)2
=Ca2Mg3AI2SieAl2022(0H)2+KAISi308

;@t%ﬁ BIFI(E. (Mg, Fe)SiEAIAINER: (FTILIIEH) A

BETHD, FCTAHARABOAENTENETDIEELLS,

Simplified reaction is
2Quartz + 2Anorthite + Biotite = Hornblende + Orthoclase.

Within hornblende, (Mg, Fe)Si can replace Al Al. As a result, Al
content becomes an indicator of pressure at crystallization.



ARG L S5 Hornblende geobarometry

Hammerstrom and Zen (1986)
P(= 3kbar)=—3.92+5.03Al(t)
PIXE Hkbar), AIDIXARBDAID = (0=23)

Hollister et al. (1987) 2-8kbarMD[E H&t. FEDSEFHE
Z<LT1-,
P(% 1kbar)=—4.76+5.64Al(t)

Schmidt (1992) £ WZFEFHIL=-EERF1To7=, 2.5-13kbar®
£ At
P(#0.6kbar)=—3.01+4.76Al(t)

Lt ARBENETOVNEOMHEDLN .. EDEFF (LB
iff (2013) DI BERFIZH ->TLVAS,




Pressure estimated from Al-in-hornblende (akahashi, 1993)

EH2E BMEHO Al ESEDSHE L HERTOIERESHOES (kbar)
Table 2 Pressure(kbar) estimated from Al-in-horoblende in the granitoids of Chugoku District in

Japan
Belt Central Chugolmu Eastern Chugoku
SAN-IN Daito gd <2 Ningyo-pass gr <2,32,34
Yokota gr <2 Okutsu gd 2.2
SAN-YO  Stock Small granitic bodies 2.9,3.9,4.2
Batholith Hiroshima gr 3.3,3.4,4.1 Mannari gr 3.6
RYOKE  Massive Shiratori gr 4.0
Gneissose Takanawa g¢d 4.2 Shido gd 4.7,5.0
Shido gr 52,64, 85

=

Numbers are pressure (kbar) estimated from chemical data of Tainosho et al. (1979), Czamanske

et al. (1981) and Takahashi (1989), using geobarometer of Hollister et al. (1987) (2-8kbar) and
Schmidt (1992) (8-13kbar). gd: granodiorite, gr: granite.
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FEfH A AR T DEREEDEERE (EA)
Emplacement depth of granites in Chubu area
i k—F JL & (Shinshiro Tonalite)

3.5 kbar
Anderson and Smith (1995)D AR IE 5T

—‘k

i\ B 1€ @ & (Busetsu granite)

1.8-2.7 kbar
Wu et al. (2004) DY YO R-EEF-#MER-AETE HE

F/F(2016) KUY
ZHERFRER RIEFMERMKIRERFER FR27FEELTHX
BEBEEEFSE p.1l1)
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Gorai (1951)

RILEMETTHEA
MBEEZATHTT S

-

BAT1---AN &
BAT3---CW &
BAT4---C &

BAT2--AFET=ILCH &
BAT2TADCER A DI=HI1Z1E

X%_:)g IEI $£ L/—C b9_7__“_ F1c. 1. Four types of twinned plagioclases.
:/3 y%*ﬁj— é = tfd: 8%??5 Type L. Polysynthetic twins and their modifications.

Type 2. Simple twins and their modifications.
Type 3. Complex twins and their modifications.
Type 4. Penetration twins.



Plagioclase of various
granitic rocks

e+ TlEh -
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Fic. 13. U A:C ratios in the plagioclase of various granitic rocks.
(¢) Granitic rocks occurring as batholiths and stocks.

(h) Granitic rocks occurring as dikes and sheets.

(¢) Granitic rocks occurring as lit-par-lit veins of injection-gneisses.
(d) Plutonic-looking rocks of Hida Plateau.

A

I =Tield of typical igneous plagioclase.
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&AW BEH Revision of Plagioclase twinning
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Fig. 3 Discriminative diagram for granitic rocks based on plagio- Fig. 4 Discriminative diagram for psamitic to pelitic (quartz-felds-
clase twinning laws pathic) metamorphic rocks based on plagioclase twinning
laws
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e AFd Concept of twinning
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Definition of twinning laws
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Practical method to know plagioclase twinning
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Case study in the metamorphic rocks in Mie pref.
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Fig. 3 Frequency of pericline twin in twinned plagioclase of the Ryoke metamorphic rocks in the west of Tsu
City
A.ST.L., andalusite-sillimanite transion line; M.D.L_, muscovite disappearance line. A to J correspond

to them of Fig. 2. 57



Case study:
Chilas complex in Pakistan
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Fig. 6 Frequency of C twins in twinned plagioclase in the Chilas complex and Kohistan batholith, northern

Pakistan
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