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Abstract

The Dexing copper ore district is composed of Zhushahong, Tongchang and Fujiawu ore deposits. Based on
sy stematic field observation of veins, the authors divided the veins in the Tongchang porphyry copper deposit in-
to four types ‘A, B, D and H, which have recorded the evolution of ore fluids. The A-type veins related to pri-
marily K-feldspat hization are irregular and slighly mineralized, characterized by quartz + K-feldspar F-hiotite £

magnetite with minor pyrite and chalcopyrite ; the B-type veins whose symmetrical pectinate quartz is vertical to
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the vein wall are enriched in chalcopyrite and moly bdenite, related to hy drolysis of potassium silicate and charac-
terized by quartz +molybdenite+chalcopyrite =pyrite ; the D-ty pe veins related to sericitization are enriched in
pyrite with sericite halos ; the latest hypothermal H-type veins related to carbonatization are characterized by cal-
cite 7= hematite &= pyrite = chalcopyrite. A statistical analysis of the thickness distribution of veins in the
Tongchang porphyry copper deposit indicates that vein thickness data conform to the power-law distribution
whereas the spatial distribution of veins follows a negative exponential law or a law between the negative expo-
nential and log-normal. The fractal dimension D relative to the linkage of vein systems reflects the mineralization
rate. The fractal dimension D (0. 91 ~1. 35) is high, which indicates poorly-connected systems and weak min-
eralization. The C, coefficient (0. 49 ~0. 92) is low, which indicates a bad clustered organization of the veins
and weak mineralization. The veins located in the clustering center as the function of channel ways for ore fluids
are thicker and control the development of vein systems.

Key words : geology, vein types vein thickness, vein spatial distribution, Cu-Mo mineralization, porphyry

copper deposit, Dexing, Jiangxi Province
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Fig. 1 Regional geological map of the Dexing porphyry copper deposit Jiangxi Province (modified after No. 4
Geological Party of Jiangxi Nonferrous Geological Exploration)
1—Cretaceous Shixi Formation sandy conglomeratg 2— Jurassic Ehuling Formation breccia; 3— Jurassic Linshan Formation quartz
sandstone, shale; 4—Cambrian Hetang Formation silicious slate, shale; 5—Zhitang Formation of Nanhua system blasto-tuff,
slate; 6— Neoproterozoic Dengshan Formation tuffaceous slate, sandy slate; 7—Low er N eoproterzoic Shuanggiaoshan Group phyt
lite, shale; 8 —Upper Neoproterozoic Shuanggiaoshan Group phyllite, arenopelitic shale; 9—Middle-Late Jurassic biotite granite;
10—Middle Jurassic granodiorite; 11— Early Jurassic dacite porphyry and quartz porphyry; 12— Paleopterozoic pyroxenite dior-
itg 13— Neoproterozoic metaspilite keratophyre; 14— N eoproterozoic ultramafic wck; 15— Neoproterozoic blasto-amphloite pyroxen-

ite; 16—Shear zong 17— Fault; 18 —Composite syncling 19— Gold ore veing 20— Ore deposit
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Fig. 2 Geological map of the Tongchang porphyty copper deposit in Dexing area (modified after Northeast Jiangxi Geological

Genera Party, Jiangxi Bureau of Geology and Mineral Exploration, 2010)
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Fig. 3 Stereographic projection of A, B D, H veins in the Tongchang porphyry copper deposit, Dexing
1
Table1 Fractal database acquired veins in the Tongchang porphyry copper deposit, Dexing
/ mm
_ /
/m /mm (C /m) c, D
5 4m 4.96 135 0.10 50 1.72 27.28 N . 0.67 1.33
15 15m 13.50 134 0.10 50 2,17 9.93 ’ ' 0.92  1.28
15 18 m 6. 15 138 0. 20 30 2.47 22. 44 N . 0.73 1. 19
25 . .
25 m 1 4.34 116 0.10 55 2.32 26.73 0. 66 0.91
25 . .
25 m2 8.30 167 0. 20 30 1.59 20. 00 0.49 1.29
185 m 19.45 252 0.10 8 0.97 12. 96 N 0.63 1.35

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig. 5 Rose diagrams show ing strikes of the joints in the Tongchang Porphyry Copper Deposit, Dexing
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Fig. 6 A, B D, H-type veins in the Tongchang porphyry copper deposit of Dexing area
A-type veins; (a). Quartz vein with less pyrite. B-type veins: (b). Quartz vein that contains pyrite-molybdenite-central line; (). Chalcopyrite
vein; (d). Quartz-pynte-chalcopyrite vein; (e). Molybdenite chalcopyrite vein. D-type veins; (f). Pyrite vein; (g). Quartz vein that contains
pyrite central line pyrite vein. H-type veins: (h). Chalcopyrite-hematite (magnetite)-calcite vein

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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Fig. 7 Log-log plot of the caumulative normalized frequency Nt of veins versus the thickness classes T for
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10
o =
1
D=1.33 D=0.92 1
5 v
R?,=0.954 R*,=0.979 )
0.1 0.1 ’
1 10 100 10 100
T/mm T/mm
1000 15m (©) (d)
— g — R
=
"
100 — — B
o =
10
D=1.29
R’,=0.973
1 0.1
10 100
T/mm
100 1000
(e) (H
- — R — ®%
- Xt - = X
— — B — — =%
" i 100 e
= =
1 10
D=1.19
R* =0.923
0.1
0.1 1 10 100 100
T/mm T/mm
7 7T (Np
(a). 4 m 5 (b). 25 m-1 ; (e). 15 m ; (. 25m-2 ; (e). 18 m ; (). 185 m
D ; R}

(a). 4m scan-lineg (b). 25 mr1 scan-lineg (c¢). 15 m scan-lineg (d). 25 m-2 scan-lineg (e). 18 m scanlne; (f). 185m scan-line

D is the fractal dimension, RJis the cowehtion coefficient betw een the raw and theoretical power law data for the pow er-law distribution one



31 1 105
1000 1000
(a) (b)
Fe T PR
% bk
100 iR 100 e ¥
= =2
10 10
1 1
g
1 10 100 1000 1000
S/mm S/mm
1000 1000
\  15m (c) (d)
N —— RE T
AN o
~- oo B e
100 *\ 100 EiR i
= =
10 10
1 1
1 10 1000
S/mm S/mm
1000 18 (e) 10000 185m (®
P \ — — FH
R —— H
1000 N
100 R G
= = 100
10
10
AN
1 »—
1 10 100 1000 10 100 1000
S S/mm
8
(a). 4 m ;5 (b). 25m-1 ; (e). 15 m ;s (d). 25m-2 ; (e). 18 m ;5 (). 185 m

Fig. 8 Loglog plot of the cumulative normalized frequency N of veins versus the spacing classes S for different

scarr lines in Tongchang

(a). 4 m scar line; (b). 25 m-1 scarline; (¢). 15 m scanline; (d). 25 m-2 scanline; (e). 18 m scanling (f). 185 m scamline



106 2012
5 ; H D
<1, H s
5.1 , A
s B .D H .
)
s 5.2.1
Andre (2007 Rosia Poieni
2 : (stochastic models)
, , ) (percolation clustermodels). 2
s D
A,
s s , Monecke  (2001) D
a B, D=
B ; , fCa/B), a D,
’ - B Do
D ;
+ H ,
5.2 ( ) )
D
(M cCaffrey et al., ,
1996; Gillespie et al., 1999; Bonnet et al., 2001). , ,
H D< 1 . - A -
s D
’ i D=1
R D> 1 s
. 5 (Hedenquist et
D >1, 0.91 ~1. 35, al., 1994; Bodnar et al., 1995). ,
, D
s (Sanderson et al., 1994; John-
, D , ston et al., 1996; M cCaffrey et al., 1996; Roberts et
A D D > 1, D al., 11999; Loriza,, 1999;: Monecke et al., 2001 ).



31 1 107
D : Cy
I, 10 /m, C, < Gy s
27.28 /m . 3
5.2.2 D C, ( — — )
D «C — ) )
(Sanderson .
et al., 1994; Roberts et al., 1998;1999). 5.3.1
a/B , ,
(M onecke et al., 2001),
(Roberts ,
et al., 1998). s D ,
) . ;s D c>1
, D L, )
5.3 c, <l
() Cv , )
(anticlustering ) (clustering) c>1 ,
(Cox et al., 1966; Gillespie et
al., 1999;2001; Andre et al., 2007). C> 1, 5.3.2
, 3 O 1, ,
, ; (Long et al., 1985),
0, , Cv=0, s ,
’ (Brathwaite et al., 2001).
; , Wilkinson ~ (1996) Au
Ns-S . G ,
) » Gy , ,
Cy 5.4
1, 0.49~0 92, ,
) 3
15 m 18
m o 1, ,
) ; 3 )
C, ( , 1994;
0.6, 1995),



108 2012

, C, 0.49 ~0.92, I,
. ( ) )
. . )\ , .
@)
. s . A B
. ; )
’ 5 ’
, A ; D ,
)
; .
) ;
D H s ,
) . .
)
. , .
6 / References
(» , , , . , , . 2000.
LJ]-
’ , 15(5). 525-533.
A.B.D.H . A . , ’ , 2007,
, , . , 21(2); 332~351.
, :B , . , . 2008.
A [J].
’ ’ 14(4); 496-509.
’ ’ . . . 1994,
3D . , 40(6); S08-512.
- s . 1995. L. . 10D 40-
H , 46.
X ] 4 . , . 2002.
. . 21, 342-350.
’ Cu-Mo , . , , , . . 2012.
. . [J].
2 (7 . 58(1): 82-90.
: D 0.91 ~ : : : , : - 2009.
1 35. D ’ A . . 83(12); 1930-
1950.
D D >1, H D <1 e
’ (. ( ) 39; 319-326.
. . , . . 2006.
D , . . 25 135 140.
. . , . . 1984, )
' [M]. . . 1-350.
’ D ’ . . . . . . 2004,
’ . SHRIMP Nd-Sr (.

(3) (S) , 20(2); 315324.



31 1

. 109

. , , . . 2005.
(1. . 34(4); 357-365.
. , . . 2002.
[J- ( ) 38(3): 418434,
. . , . . . 1983,
[M]. : . 1314,

Andre M and Sausse J. 2007. Thickness and spatial distribution of veins
in a porphyry copper deposit, Rosia Poieni, Romaniq J] . Journal of
Structural Geology, 29(1): 695-1708.

Bodnar R J. 1995. Fluid incluson evidence for a magmatic source of
metals in porphyry copper depositg Al . In: Thompson] F H, ed.
Magmas, fluids, and ore depositd C] . Mineralogical Association of
Canada Short Courses Senes, 23: 139-152.

Bonnet E; Bour O, Odling N. Davy P, MainI, CowieP and Berkowitz
B. 2001. Scaling of fracture systems in geological media[ J] . Re-
views of Geophyscs, 39 (3): 347-383.

Bour O and Davy P. 1999. Clustering and size distributions of fault pat-
tems Theory and measurements| J] .
ters, 26: 2001-2004.

Bour O, Davy P and Darcel C. 2002. A statistical scalng model for frac-

Geophysical Research Let-

ture network geometry, with validation on a multiscale mapping of a
joint network (Hornelen Basin, Norway)[ J] . Journal of Geophysi-
cal Research 107.

Brathwaite R I, Cargill H J, Christie A B and Swain A. 2001. Litho-
bgical and spatial contmols on the distribution of quartz veins in an
desite and rhyolite hosted epithermal Au-Ag deposits of the Hauraki
Goldfield, New Zealand J]. Mineralum Deposita, 36. 1-12.

Clark M B Brantley S L and Fisher D M. 1995. Pow er-law vein thick-
ness distributions and positive feedback in vein growth[ J]. Geolo-
gy, 23: 975-978.

Cox D R and Lewis P A W. 1966. The statistical analysis of series of
event M| . Methuen, London.

Dilles ] H. 1987. Petwlogy of the Yerington Batholith, Nevada: Evi-
dence for evolution of porphyry copper ore fluidq J] . Econ. Geol.,
82: 1750-1789.

Dilles ] H and Einaudi M T. 1992. Wall rock alteration and hydrother-
mal flow paths about the AnnmMason poiphyry copper deposit,
Nevada-a 6 km vertical reconstruction] J] . Econ. Geol., 87:. 1963
2001.

Fastoe J. 1983. Sulfur isotope data and the nature of the hydrothemal
systems at the Panguna and Frieda porphyry copper deposits, Papua
New Guineq J] . Econ. Geol., 78: 201-213.

Gillespie P A, Howard C, Walsh JJ and Watterson J. 1993. Measure-
ment and characterization of spatial distributions of fractures[ J] .
Tectonophysics, 226, 113-141.

Gillespie P A, Johnston J D, Loriga M A, Mc Caffrey K J W, Walsh J
J and Watterson J. 1999. Influence of layering on vein systematics
in line sampleq A] . In: Mc Caffrey K J W, Lonergan L, Wilkin-
son J J. eds. Fractures, fluid flow and mineralization, vol. 155
[C] . Geobgical Society Special Publications, London. 35-56.

Gillespie P A, Walsh ] L, Watterson J, . Bonson C G and Manzoechi, T,

2001. Scaling relationships of pint and vein arrays from the Burren
Co. Clare TIreland[ J] . Joumal of Structural Geobgy, 23. 183
201.

Gruen G, Heinrich C A and Schweder K. 2010. The Bingham Canyon
porphyry Cu-Mo-Au deposit. 1. Vein geometry and ore shel for-
mation by pressure-driven rock extension[ J] . Econ. Geol., 105:
69-90.

Gustafson L B and Hunt J P. 1975. The porphyry copper deposit at EF
Salvador, Child J] . Econ. Geol., 70:. 857-912.

Harris G, Framssen R and Loosveld R. 1991. Fractal analysis of frac-
tures in rocks: the Cantof s Dust method ecomment[ J] . Tectono-
physics, 198: 107-115.

Hedenquist ] W and Lowenstern J B. 1994. The rok of magmas in the
formation of hydrothermal ore deposity J] . Nature, 370, 519-527.

Hedenquist ] W, Amriba A J and Reynolds T J. 1998. Evolution of an
intrusion centered hydrothermal system: Far Southeast-Lepanto
porphty 1y and epithemmal Cu-Au deposits, Philippines[ J] . Econ.
Geol., 93 373-404.

Hollister V. F, Potter R R and Barker A L. 1974. Pormphyry-type de-
posits of the Appalachian orogen[ J] . Econ. Geol., 69: 618630.

Johnston J D and Mc¢ Caffrey ] W. 1996. Fractal geometry of vein sys
tems and the variation of scaling rehtionships with mechanism[ J] .
Journal of Stwuctural Geology, 18: 349-358.

Lede’ sert B, Dubois J. Genter A and M eunier A. 1993a. Fractal analy-
sis of fractures applied to Soultzsous-Forets hot dry rock geothermal
program|[ J] . Joumal of Vokanobgy and Geothermal Research, 57:
1-17.

Lede sert B. Dubois J, Veldle B M eunier A, Genter A and Badri A.
1993h. Geometrical and fractal analysis of a three dimensional hy-
drothermal vein network in a fractured granite[ J] . Journal of Vol
canology and Geothemal Research, 56: 267-280.

Li X F and Munetake S. 2007. The hydrothemal alteration and
mineralization of Middle Jurassic Dexing poiphyry Cu-Mo deposit
Southeast Chind J] . Resource Geology, 57(4). 409-426.

Long J CS and Witherspoon P A. 1985. The relationship of the degree
of interconnection to permeability in fracture networks[ J] . Joumal
of Geophysical Research, 90(B4). 3087-3098.

Loriga M A. 1999. Scaling systematic of vein size: an example from the
Guanajuato mining district(Central M exico) [ A] . In;: Mc Caffrey K
JW, Lonergan L, Wilkinson J J, eds. Fractures, fluid flow and
mineralization|[ C]. London: Geological Society Special Publica-
tions 155. 57-67.

Lowell ] D and Guilbert J M. 1970. Lateral and vertical alteration-min-
eralization zoning in porphyry ore deposits J] . Econ. Geol., 65:
373-408.

McCaffrey K J W and Johnston J D. 1996. Fractal analysis of a minera
lized vein deposit: Cuurraghinalt gold deposit County Tyrone[ J] .
Mineralium Deposita 31:. 52-58.

Meyer C. 1965. An early potassic type of wall rock alteration at Butte,
M ontana[ J] . American Mineralogist 50. 1717-1722.

Monecke T, Gemmell.J B and Monecke,J. 2001. Fractal distributions of



110

2012

veins in diill core from the Hellyer VHMS deposits Australia: Con-
straints on the origin and evolution of the mineralizing system[ J] .
Mineralium Deposita 36. 406-415.

MunteanJ L and Einaudi M T. 2000. Porphyry gold deposits of the
Refugio district, Maricunga belt, northem Chik[ J] . Econ. Geol.,
95. 1445-1472.
Proffett J M. 2003. Geology of the Bajo de la Alumbrera porphyry cop-
per-gold deposit Argenting J| . Econ Geol., 98: 1535-1574.
Redmond P B and Einaudi M T. 2010. The Bingham Canyon pomphyry
CuMo-Au deposit. I. Sequence of intrusions, vein formation, and
sulfide deposition] J] . Econ. Geol., 105: 43-68.

Roberts S, Sanderson D J and Gumiel P. 1998. Fractal analysis of Sm-W
mineralization from central Iberia: Insights into the wle of fracture

connectivity in the formation of an ore deposit[ J] . Econ. Geol.,

93, 360-365.
Roberts S, Sanderson D J and Gumiel P. 1999. Fractal analysis and per-
colation properties of veins[ A] . In: M cCaffrey K J W, Lonergan
L, Wilkinson J J, eds. Fractures, fluid flow and mineralization
[C]. London: Geological Society Special Publications. 155: 7-16.
Sanderson D J, Roberts S and Gumiel P. 1994. A fractal relationship be-

tween vein thickness and gold grade in drill core from La Codosera,

Spain[ J] . Econ. Geol., 89:. 168-173.

Seedorff E and Einudi M T. 2004a. Henderson porphyry molybdenum
system  Cobrado: I. Sequence and abundance of hydrothemal
mireral assemblages, flow paths of evolving fluds, and evolutionary
styld J] . Econ. Geol., 99: 3-37.

Seedorff E and Einudi M T. 2004b. Henderson porphy ry molybdenum
system, Colorado: 1I. Decoupling of introduction and deposition of
metals during geochemical evolution of hydrothemal fluids[ J] .
Econ. Geol., 99. 39-72.

Uliich T and Heinrich C A. 2001a. Geology and alteration geochemistry
of the porphyry Cu- Au deposit at Bajo de la Alumbrera Argentina
[J]. Econ. Geol., 96: 1719-1742.

Ulich T, Gunthur D and Heinrich C A. 2001b. The evolution of a por-
phyry Cu Au deposit, based on LA-ICP-MS analysis of fluid incli-
siong Bajo de b Alumbrera Argentina[ J] . Econ. Geol., 96:
1743-1774.

Velde B, Dubois J, Moore D and T ouchardG. 1991. Fractal pattems of
fractures in graniteq J] . FEarth and Planetary Science Letters, 104:
23-35.

Wilkinson J J and Johnston J D. 1996. Pressure fluctuations phase sepa-
ration and gold precipitation during seismic fracture propagation

[J]. Geology, 24: 395-398.



