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Fig. 1 Geological map of Mufushan granite mass and its surrounding areas( modified from the Regional Geological Survey Team
of Hunan Geological Bureau® ; Li Peng et al. , 2017&; Li Leguang et al. , 2019& )
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Q—Quaternary; K—E—Cretaceous—Paleogene; C—T,—Carboniferous—Middle Triassic; S—Silurian; € —0—Cambrian—Ordovician; Nh—
Z—Nanhuan—Sinian; Qb®B—Z—Neoproterozoic Banxi Group—Sinian( Ediacaran) System; Qb'L—Neoproterozoic Lengjiaxi Group; 1yK,*—the
second intrusion of mica monzogranite in Early Cretaceous; 7yK,'—the first intrusion of mica monzogranite in Early Cretaceous; 1yJ;°>—the third
intrusion of biotite monzogranite in Late Jurassic; 8], —the second intrusion of granodiorite in Late Jurassic; 8J;'—the first intrusion of diorite in
Late Jurassic; y8Qb—granodiorite of Qingbaikou ( Early Neoproterozoic) Period; y08Qb—tonalite of Qingbaikou Period. Names of folds: f,—
Linxiang syncline; f,—Baiguoshu anticline; f,—Tangjiao syncline; f,—Lingbei syncline; f;—Gaoshi anticline; f,—Xinkai syncline. Names of
faults; F;—Wangjiali fault; F,—Taoyuan fault; F;—Shangzhou fault; F,—Baijiang fault; Fy—Yuetian fault; F,—Banqiao fault; F,—Gongtian

fault; Fg—DBaiyangtian fault; Fy—Yujia fault; F,—Sujialong fault; F,—Tanjiaping fault; F,—Lishupo fault; F;;—Zhengjia fault; F,,—Sixia

fault; F,s—Niejia fault; F,q—Shangguan fault; F;,—Baishaling fault; F;q—Liugongdian fault; F,y—Mujin fault; F,,—Bianshan fault
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Fig. 2 Measuring geological section around Mufushan granite
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Location of the sections are shown in Fig. 1. (a) shear folds in slate at D18; (b) shear folds in slate at D20; (c¢) NEE-trending kink zone and
axials of kink S, to the south of D19; (d) NNW-trending pegmatite vein in the schist at D19; (e) NEE-trending kink zone and axials of kink S, at
DO1; (f) the NWW-trending axial of kink S, at D02; (g) the NE-trending cleavages S, and NWW-trending axials of kink S, at D03; (h) the NE-

trending extensional detachment folds at D12; (i) NNE-trending sinistral shear fractures and NNW-trending dextral shear fractures indicate SN

compression; (j) NW-trending thrust fault and SN-trending dextral shear fractures indicate NE —NNE compression; (k) NW-trending and SN-

trending pegmatite veins; (1) NE-trending and EW-trending pegmatite veins; Nh—Z—Nanhuan—Sinian System; Qb'L—Lengjiaxi Group of

Qingbaikou System; S;—rock layer; S,—slaty cleavages; S,—axial of kink; L—shear fracture
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Fig. 3 The geological phenomena on PMO1 section( Fig. 2A)
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(a) the pinnate fractures at D18 indicate that the NEE-trending fault dextral strike-slip (overlook ) ;
D18; (c) shear folds in slate at D18; (d) cleavages in the schist at D19;

(b) a fracture in the NEE-trending fault at

(e) contact relationship between the granite and schist at D19; (f)

bedding pegmatite vein in the schist at D19; (g) NNW-trending pegmatite vein in the schist at D19; (h) NEE-trending kink zone and axials of kink

S, to the south of D19; (1) the shear folds at D20 show that the upper stratum move to the south
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Fig. 4 The geological phenomena on PMO2 section( Fig. 2B)
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(a) the NEE-trending kink zone and axials of kink S, at DO1; (b) the pegmatite vein at D02 are limited by multiple structural foliations; (c¢) The
boundary of the pegmatite vein at D02 is controlled by stratum layers and SN-trending shear fracture L,; (d) boundary of the pegmatite vein is
controlled by the NWW-trending axial of kink S, at DO2; (e) boundary of the pegmatite vein at D03 is controlled by NWW-trending vertical fracture
L, bedding cleavages S, and axial of kink S,; (f) the NE-trending cleavages S, and NWW-trending axials of kink S, at D03; (g) the pegmatite
vein at D04 was emplaced along the thrust fault; (h) the tubular pegmatite veins at D04 are controlled by NWW-trending south-dip slaty cleavages
and NWW-trending north-dip fractrues L; (i) the pegmatite vein at D05 occurs along the strata; (j) schist under the pegmatite vein at D06; (k)
the upper boundary of pegmatite vein is parallel to the stratum layers at DO7; (1) schist xenoliths in the pegmatite at DO7; (m) the steps at DO7
indicate that NE-trending shear fracture sinistral strike-slip; (n) the bedding pegmatite veins at DO8; (o) the lenticular pegmatite vein at D08

produced in bedding
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Fig. 5 Schematic diagram of structural surfaces displacement caused by Mufushan granite emplacement
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(a) the Indosinian SN-compression resulted in EW-trending kinks and NNW-trending dextral shear fractures; (b) the Yanshanian magma

emplacement led to the overall rotation of the wall rock and the displacement of the formal kinks and shear fractures. L—shear fracture; F—thrust

fault; S,—axial of kink
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Fig. 6 The geological phenomena on PMO3 and PM04 section( Fig. 2C,D), and at D16 of Nanjiang
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EHARK; (d) D09 AR SN M EATAT I Y] (e) D10 siflidhia 5 7 a S -PA7 TR ; (f) D10 3 R 6 vh B BE & & A £ & 4 20
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(a) the granitic gneiss xenoliths at D09 in pegmatite; (b) the fine grained muscovite granite xenolith block at D09 in pegmatite; (c) the NW-
trending thrust fault at D09 cuts off NNW-trending pegmatite veinlets; (d) the steps at D09 indicate that the SN-trending fracture dextral shear; (e)
the interface between pegmatite and schist at D10 is parallel to the stratum layer; () the pegmatite veinlets at D10 developed along cleavage in
schist; (g) the bedding cleavages in schist at D11; (h) the pegmatite vein at D11 occurs along the strata and is limited by NNW-trending shear
fracture; (i) The steps to the northwest of D11 indicate that NNE-trending fracture sinistral shear; (j) the pegmatite at D12 is controlled by stratum
layer and NNE-trending fracture; (k) the NE-trending extensional detachment folds at D12; (1) the boundary between gneissic granite and schist at
D13; (m) steps indicate that the NW-trending fault at D13 sinistral strike-slip; (n) the NW-trending foliation at D13 in gneissic granite; (o) the
extensional vein at D16 indicates that the NE-trending fault sinistral strike-slip in the early stage; (p) the steps at D16 indicate that the NE-trending

fault normal slid in the late stage
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Fig. 7 The geological phenomena on PMO5 and PMO06 section( Fig. 2E,F) , and at D27
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(a) contact interface between the granite and NW-trending pegmatite vein at D21; (b) the boundary between NW-trending pegmatite vein and schist

at D21 are parallel to the stratum layer; (¢) the boundary between SN-trending pegmatite vein and schist at D21; (d) schist block in the SN-

strending pegmatite vein at D21; (e) pinnate fractures and steps at D22 indicate that the NW-trending Banqiao fault sinistral strike-slip; (f) the

NW-trending bedding pegmatite vein at D23 in schist; (g) the EW-trending pegmatite vein at D23 filled in fault; (h) the boundary of the EW-

trending bedding pegmatite vein at D23; (i) bedding pegmatite vein at D27 in schist ( Dajiecun)
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Table 1 The tectonic evolution stages of Mesozoic—early Cenozoic in Mufushan granite body and its periphery
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(a) Duanfengshan—Banjiang—Renli geological section; (b) Baiyangtian—Sixia geological section; Location of the sections are shown in fig. 1.

Names of folds: F,—Taoyuan fault; F;—Shangzhou fault; F,—Banjiang fault; Fy—Baiyangtian fault; F,,—Tanjiaping fault; F,—Lishupo fault.
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structure; Il—high emplacement—gently dipping contact structure; IV—high emplacement—steep dipping contact structure
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Fig. 9 Mechanism for faults controlling the boundaries

of the granite body
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Table 2 Granite emplacement structure types in Mufushan area
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Fig. 10 Classification model of the emplacement structures of Mufushan granite body
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Mesozoic tectono—magmatic characteristics and their control on rare

metal pegmatites in Mufushan area, northeastern Hunan

BAI Daoyuan ", WEN Chunhua ", HUANG Jianzhong ", LI Bin "** | ZHOU Fangchun * |
ZHANG Liping ¥, CHEN Hu *, CHEN Jianfeng ", CHEN Xu "
1) Hunan Institute of Geology Survey, Changsha, 410016;

2) State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang, 330013

3) Hunan Institute of Geological Disaster Investigation and Monitoring, Changsha, 410100

Objectives: Yanshanian large granite is developed in Mufushan ( Mufu Mountains) area, with a large number

of granitic pegmatite veins and related rare metal deposits or mineralized bodies formed. Although the predecessors

have systematically studied the geological and geochemical characteristics, formation ages, spatial distributions and

evolution processes of granite, pegmatite and rare metal deposits in this area, and achieved a lot of results, there is

still a lack of research on the controlment of geological structures on granite and rare metal pegmatite.

Methods: In view of this, through the investigation of several geological sections across the contact zone of

Mufushan granite, combined with the characteristics of regional geology and mineral development, this paper

studied the Mesozoic tectono—magmatic evolution and the controlment of structures on granite, pegmatite veins and

contact metamorphic zones in Mufushan area.

Conclusions: The main achievements are as follows:
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(1) From Mesozoic to early Cenozoic, the study area experienced 7 tectonic stages, from early to late, such as
(D marine basin of Early—Middle Triassic, @ Indosinian movement of late Middle Triassic to Late Triassic, 3
semi-foreland basin of late Late Triassic—early Middle Jurassic, @ FEarly Yanshanian movement of late Middle
Jurassic, () granitic magmatism and mineralization of Late Jurassic to early Early Cretaceous, (6 regional extension
and faulted basins of late Early Cretaceous to middle Paleogene, and (D) NE compression in the middle—Ilate
Paleogene.

(2) The boundary of Mufushan granite is mainly controlled by three groups of fault with NW-, NE- and NEE-
trending, whose structural mechanism is essentially the controlment of fault blocks in or outside the granite area on
the magma emplacement.

(3) The granite emplacement structures of the granite can be qualitatively divided into four types: low
emplacement—gently dipping contact structure, low emplacement—steep dipping contact structure, high
emplacement—gently dipping contact structure and high emplacement—steep dipping contact structure. Among
them, low emplacement—gently dipping contact structure is the most favorable for the formation of granitic
pegmatite.

(4) The structures controlling pegmatite veins include the dominant controlling structures such as bedding or
interlayer shear planes, thrust faults, granite contact zones, and the restrictive controlling structures such as strike-
slip shear fractures and axials of kink. The interlayer shear planes were mainly formed during the Wuling
Movement; EW- and NWW-trending thrust faults, NWW-trending axials of kink, NNE-trending sinistral shear
fractures and NNW-trending dextral shear fractures were formed under SN compression of Indosinian Movement;
NWW-trending dextral shear fractures were formed under NWW compression of Early Yanshan ian movement. The
strike of the structures in Renli area is the result of the later superposition of clockwise rotation.

(5) Controlled by the granite contact zone and planar structures of different types and scales, the scale of
pegmatite dikes in the surrounding rocks in Renli area changes from large to small, the occurrence of dikes changes
from simple to complex, and the main ore-forming elements change from Nb—Ta ——>Nb—Ta—Li—Cs from north
to South.
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