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GEODYNAMIC TYPES
OF THE PYROPHYLLITE DEPOSITS

[MupodummToBOE CHIPbE OTHOCHUTCS K CPaBHUTEIBHO PEAKHM BHIaM HEPYIHBIX MOJIE3HBIX
uckomnaeMbix. [1o reonoruveckol MO3UIKHK U YCIOBHSIM 00pa30BaHUSI MECTOPOXKICHHUS TIOPa3 eI CHbI
Ha 5 tunoB. [lepBbie nBa CBsI3aHBI C THAPOTEPMATHHO M3MEHEHHBIMH MOPOJAMH B BYJIKaHOTE€HHBIX
TOJIIAX KHCIOro U CpeHero coctaBoB. K TpeTbeMy THIy OTHOCSTCS MECTOPOXKICHUS MeTaMopdo-
TeHHO-METacOMaTH4eCKOro reuesuca. IlposBienrs 4eTBepToro THIA MPUYPOUYEHBI K HU3KO- U CpeliHe-
TEeMIIepaTypHBIM CTaJusiM 00pa30BaHUsl THIPOTEPMATBHBIX XU CPEAN BYJIKaHUYECKUX M METaMmop-
¢udeckux Tomul. [IaTeIil TUN - 3TO MUPOGMILIMTCOAEPIKALIHE KOPHI BHIBETPUBAHHUS [10 METaMopQurye-
CKUM TOJIIAM M METacoMaTHTaM. Y CIOBHs 0Opa30BaHMs U Pa3MEIICHHs] MECTOPOXKACHUIN MUPOpUII-
JUTOBOTO CBHIPbS B CKIQA4aThIX I0SICax OMNPEACNAIOTCS TeOoJMHAMHUYeCKOH 00CTaHOBKOH Qop-
MHUPOBaHUS.

Pyrophyllite is a comparatively rare economic mineral. Basic consumers of raw pyrophyllite are
ceramic and fire-resistant industries. It is also used for manufacture of fillers for paper, cardboard,
rubbers, plastic, insecticides, technical ceramics, and in the electro technical industry. Monomineral
pyrophyllite is used in high-pressure apparatus to manufacture synthetic diamonds and also as a mate-
rial for stone culling (agalmatolite). Zaykov et al. [1988] proposed typification of the deposits. We
adopt the scheme and relate it to a modern geodynamic scheme (table).

Deposits in metasomatic rocks of intra-continental and marginal-continental volcanic
zones (Type ). Host rocks of this type deposit are typically calc-alkaline andesitic to rhyolitic lavas,
which are enriched in potassium or sodium and potassium. The pyrophyllite deposits are associated
with volcanogenic metasomatic rocks of the "secondary quartzites - pyrophyllites™ series, and they are
commonly found in ancient rifling zones on platforms and on active continental margins. Pyrophyllite
deposits on Precambrian platforms are found in Ukraine, Sweden, South Africa, USA, Canada and
Brazil. In contrast, pyrophyllite deposits in Middle Asia, Kazakhstan and Australia are distributed in
Paleozoic active continental margins. Pyrophyllite deposits occur at Mesozoic-Cenozoic active conti-
nental margins in USA, Canada, Morocco, China, New Zealand, Korea, Japan, Vietnam, Georgia and
Azerbaijan.

Pyrophyllite deposits in metasomatic rocks in island arcs and Paleozoic and Cenozoic
marginal seas (Type I1). In folded Paleozoic island-arc system there are pyrophyllite deposits, which
occur in bimodal volcanogenic series. This type of deposit is widespread in the Ural folded Paleozoic
island-arc system, where pyrophyllite-bearing metasomatic rocks of sericite-quatrz formations accom-
pany massive sulfide mineralization [Udachin, Zaykov, 1994]. Pyrophyllite mineralizalion in folded
structures of Cenozoic age is known in "green tuff" region of Japan, the Bolnis area of Southeast
Georgia and the Panagursko zone in Bulgaria.

Pyrophyllite deposits in metamorphosed terrigenous-argillaceous strata of Paleozoic and
Mesozoic age, containing pyroclastic material and coals seams (Type I11). Pyrophyllite deposits in
Paleozoic beds in passive continental margins and interior seas and coal-bearing depressions occur in
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Types of pyrophyllite deposits [Sinyakovskaya et al., 2005]

Table

Type, geody-
namic situation

Ore-hosted forma-
tion age

Lode structure and
parameters
(thickness, m)

Mineralogy of raw
material

Examples

|. Metasomatic rocks in intra-continental and continental
margin volcanic zones

Trachyandesitic,
trachyrhyolitic in
Precambrian plat-
forms

Linear zones, lens (n *
10) along faults at
contacts with plutons;
layers (n « 1) in tuf-
faceous-sedimentary
packets

Pyrophyllite, pyro-
phyllite-quartz, seric-
ite- pyrophyllite

East-Europe plat-
form; North-
American plat-
form; South-
American plat-
form; African

platform
Dacite-rhyolite, rhy- | Lenses, strips Pyrophyllite, diaspore | Ural-Mongolian
olite at Paleozoic (n +10), bodies of ir- and kaolinite- pyro- belt; East-

continental margins

regular form in sec-
ondary quartzite mas-
sifs and in faults

phyllite, chlorite- py-
rophyllite

Australian belt,
East-Atlantic belt

Andesite-dacite-
rhyolite in Meso-
zoic-Cenozoic conti-
nental margins

Bodies of stratal and
lens-shaped form (n o
10), irregular form
(30-60x300-800),
steeply-dipping zones
in tectonic disloca-
tions

(n«10)

Quartz-pyrophyillite,
diaspore- pyrophyllite,
pyrophyillite, kaolin-
ite- pyrophyllite,
sericite- pyrophyllite

West-Pacific belt;
East-Pacific belt,
Mediterranean belt

Massive sulphide-
bearing rhyolite-

Strips (n « 10) extent
up to 1500 m on

Quartz-pyrophyllite,
pyrophyllite-quartz,

Ural-Mongolian
belt

% 5 basalt in Paleozoic strike of massive sul- | sericite- pyrophyllite-
3 g continental margin fide-bearing zones quartz, diaspore- py-
= g 2 rophyllite, pyrophyl-
Eo g lite
2 8 g “Green tuffs” in Irregular in form Pyrophyllite- kaolin- West-Pacific belt
§ g S Mesozoic island arcs (I00-300_ X 300-600), | ite- senut_e-chlorlte,
- steeply-dipping zones | pyrophyllite- quartz-

along contact with | sericite- diaspore-

plutons alunite
LL=ET o, Terrigenous-clay in | Strata and intercala- Quartz-chlorite- pyro- | East-Europe plat-
g E& .8 = | Paleozoic and Meso- | tions (interlayers, phyllite- sericite, kao- | form; South-

SO c X . . . . L . .

S5 & S E 5| 2oicpassive conti- interbeds) (10) among !ln_lte- pyr(_)p_hylllte- American plat-
s § § g S 8| nental margins, in- metamorphosed terri- | illite, kaolinite- pyro- | form, East-
=555 gE ternal seas and coal genous and clay strata | phyllite Australian belt,
- hollows East-Pacific belt
& = g s 8 Quartz veins ir_l Pre- | Zones (0.01-1) para_l- P_yrophyllite, _musco- Indian plat_form;
1; L Sacl cambrian grz_inlt0|ds lel to contacts of veins | vite-pyrophyllite, _d|- Ural-Mongolian
TSS8E23 and Paleozoic aspore- pyrophyllite, | belt
> % = S R metamorphic rocks kaolinite-  pyrophyl-
E=F s lite- muscovite

V. Weathering
crusts metamor-
phites and me-
tasomatites in
folded belts

Weathering crusts in
slates formed by
metasomatism of
Paleozoic and Meso-
zoic rocks

Linear weathering
crusts (15-20), extent
ne100

Ilite-montmorillonite-

pyrophyillite,
ite- pyrophyllite

kaolin-

East-Pacific  belt;
Ural-Mongolian
belt

Germany, Argentina and Spain. Mesozoic terrigenous-argillaceous strata with pyrophyllite are known
in Australia and the Carpathians.

Pyrophyllite occurrences in quartz veins in hydrothermal systems (Type 1V). Pyrophyllite
deposits in India at the margins of large vertical quartz bodies (so-called “quartz reefs”) are connected
with a Precambrian granitoid complex. In Russia pyrophyllite connected with hydrothermal veins is
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found in Paleozoic metamorphic rocks. Pyrophyllite was identified as a mineral species in gold-quartz
veins at Berezovsk (the Urals, in 1929).

Weathering crust containing pyrophyllite mineralization on the metamorphic and me-
tasomatic rocks (Type V). Pyrophyllitic clays in weathering crusts formed by metasomatism of Pa-
leozoic and Mesozoic rocks are found in the USA, Spain, Ural and Altai.

Analysis of formation conditions of raw pyrophyllite deposits shows that the geodynamic situation
is a determining factor. Geodynamics influences composition of magma at depth of magmatic centers,
character of volcanic structures, and their position in continental and oceanic crust, and in sea basins.
These factors influence the composition of hydrothermal solutions, their dynamics, and the character of
metasomatic reactions. At cessation of' volcanism, geodynamic situations govern the character of subse-
quent tectonic dislocations and fabrics, which then control the distribution of ore bodies.

The work is supported by the Russian Federal Program of Ministry of Science and Education
(no. 14.740.11.1048).
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TIMING AND SOURCE OF METALS OF URALS VHMS DEPOSITS:
BIOSTRATIGRAPHY VERSUS RADIOGENIC ISOTOPES

dopmupoBaHUE I0)KHO-YPAILCKUX KOTYENAHHBIX MECTOPOXKIACHUH CUMTACTCSI CBSI3AHHBIM C
BHYTPUOKEAHUYECKOM cTajuell pa3BuTusi MarHuToropckoi octpoBHoi ayru [Herrington et al., 2001]
B cuilype-cpenHeM neBoHe (444-385 Ma). B craTbe npuBoOIsTCS JaHHBIE ONpEAeneHus] abCOMOTHOT O
Bo3pacta 1o cooTHorieHuto Re-OS cynbhuaHol MuHepaau3aluu KOMYCSTaHHBIX MECTOPOXKICHUI
SAman-Kace! u Kyns-lOpt-Tay, koTopsie cxonHbl U cocTaBisioT 36219 Ma u 36311 Ma. Otu 1aHHBIE
COTJIacyloTCsl C MOJMYYEHHBIM paHee aHaJOTHMYHBIM METOOM a0CONIOTHBIM BO3PACTOM MECTOPOXKIIe-
Huil [leprameliil 1 AnekcaHJpuHKa. BepxHeneBOHCKU BO3pacT HECKOIBKO OoJiee MO3AHUHN, YeM BO3-
pact koyum3uu «MaruuToropcekas 1yra — KoutuHeHt JlaBpyccusi» [Brown et al., 2011]. Yuactue cy6-
JOyLIMPOBAaHHOTO KOHTHHEHTA W/WIM OCAaJIKOB MOATBEP)KAAETCA TaKKe pe3yibTaTaMH W3y4eHHs H30-
TOIHOI'O COCTaBa CBUHIA 14-TH KOM4YeTaHHBIX MecTopokaeHui Ypana. ConepkaHue APEBHEro CBUH-
1a TOHMXAeTcs OT MPEAIyroBOi 0OCTAHOBKH K IyTOBOM U CTPEMHUTCS K HYJIO Ha (PpOHTE CYOIyKIIHH.
[MosTopstomuiics «momonoi» Re-OS BO3pacT COBMECTHO C JaHHBIMH W30TOIWW CBUHIIA MO3BOJIET
MPEATNONOKHUTh, UYTO «3aKkpbiTue» Re-Os paanoreHHBIX coObITHH Ha FOkHOM Ypaje mpouzonuio He
MO3/IHEE, YeM B BepXHeM JieBoHe (~360 Ma), HECKOJIbKO T103Ke Hadajda KOJLTu3uu «MarHutoropckas
Iyra — KOHTUHEHT JlaBpyccusi».

The tectonic setting and sampling

In the Southern Urals, the intra-oceanic subduction has triggered the volcanism leading to the
Magnitogorsk island arc development starting from the Early Devonian time ~400 Ma ago (Fig. 1). The
timing of collision of this volcanic arc with adjacent Laurussia continent was established at 380-372 Ma
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