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Veinlets and micro-veinlets studies in Sungun porphyry
copper deposit, East Azarbaidjan, Iran

By: A.ACalagari® , B A.D.Pattrick.** and DA Polya®*
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Abstract

The magmatic suites in the Sungun area are a part of MW-SE trending Cenozoic magmatic belt of Iran. The Sungun perphyries ecour
23 stacks and dikes ranging in enmpoesition from quarz monza-diarite through guartz manzonite and granadiorite ta granite. The stocks are
divided into two grﬁups.'l and II. The porphyry stock U, hosting the copper ore exparienced inlense hydro-fragturing, jointing, and faulting.
The mineralized porphyry stack || experienced multiple evants of intenss hydro-fracturing leading to the farmation of stockeork-type and

anastornezing veinlets and micro-veinlets of quarz, sulfides, carbonates, silicates, and sulfates. The veinlets are thought to have formed in
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three distingt, althaugh continuous, hydro-fracturing stages. E-type quartz veinlsts and microveinlets ware formed during the early stage.

Quartz-sulfide, quartz-maly, chaleapyrite, pyrite, maolybdenite, dolornite, caleite, calcite-pyrite, and sericite vainiets and microveinlets were

developed during the middle stage. Anhydrite (presant gypsum), L-type gquariz, chert, and some caicite and calcite-pyrite veinlets and

micro-veinlets eharacterize the late stags of hydro-fracturing processes,

Key Words: Iran, Parghyry copper, sungun stock, dyke, Cenozoic

Introduction

The Sungun porphyry  copper  depesit  is  located
approximately 7skm MW of Ahar, NW of Iran. The Sungun
porphyries are of Olige-Miocene age, and intruded the Upper
Cretacegus rocks, a series of Epcene arenacecus-argillacecus
rocks, and a zeries of Cligocene dacitic breccias and tuffs and
trachyandesitic lavas (Emami and Babakhani, 19891; Mehrpartou,
1293). The Sungun porphyries are characterized by a series of
igneous rocks featuring typical porphyritic textures. They occur as
stocks and dikes, and range in composition from  quartz
meanza-diarte through gquanz monzeonite and granodicrite  to
granite. Same parts of the Sungun porphyries were covered by a
series of late Teniary- Quaternary [Emami and Babakhani, 1991;
Mehrpartou, 1553} wolcanic rocks ranging compositionally from
latite to quartz latite -andesite.

The stocks can be divided into two groups, porphyry stack |
and porphyry stock [ Bock types represented in porphyry stock |
are principally quartz Iatite- andesite, The porphyry stock |
hosting the copper ores, compeositionally wvaries from gquarnz

manzanite through granodiorite to granite.

Structural features

Stockwork-type fractures and migro-fractures and certain
pre- of syn-mineralization joint sets and faults are the major

structural features which prepared the suitable grounds for the

formation of many types of veinlets and micro-veinletz in the
porphyry  stacks.  Although  same early faults are  logally
mineralized [Fig. |A), the majority of them in Sungun are barren
suggesting  that  they are  postmineralization  struactural
features Mine distinct systematic joint setz are recognized in the
stocks and dikes. of which seven sets are almast barren and anly
two conjugate sets (not developed in barren dikes) contain
sulfides which might have formed nearly concurrently during
mineralization process (Calagari, 1997), The central part of the
porphyry stock 1l has experiensed intenze shaftlering and
crackle-type  (stockwaork) brecciation. Thizs shaftered zong s
typically characterized by intense cross-cutting, anastomosing,
and stockwork- type fracture and micro-fracture patterns. The
majority of the individual angular crackled fragments show no
rotation, althaugh locally some had been slightly jostied and
jiggled around. The fractursa density gradationally decreasas
laterally outward and vertically downward from the center of the

Zone.

Hydro-fracture-controlled veinlets and

micra-veinlets

The development of pervasive alteration and extensive
sulfide minerslization in Sungun were facilitated by the intensive

cross-cutting  stockwor-type  fracture  system  formed  during
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multiple events of shattering caused by retrograde boiling and
axpansion of the hot confined hydrothermal fluids, probably
wiggered by the gontemporansous tectenlc movernents. The
fractures and micra-fractures were subsequently filled in by
ascending  nydrothermal  fluids, developing  veinlets  and
microweinlats of gquartz, sulfides, carbonates, silicates, and
sulfates. The hydro-fracturing events took place spizodically as
characterized by the presence of various types of cross-cutting
veinlets and micro-weinlets (Calagari, 19897). The high fracture
density manifested by nurnerous vainletsigenerally 100 1 m 1o
3cm wide) and micro-veinlets (<100 g m wide) guided the
ascending hydrothermal fluids ta reach nearly the entire porphyry
body. The active ions feg., H T and ¥ *® | could readily diffuse
from micro-ractures and fraciures inlo the nost rock, and react
Wwith the silicates. Where the fracture dengity is relatively low, tha
alteration iz appreciably less pronauneed, Basad upon mineralagy
and paragenetic seguence, the veinlels in the Sungun porphyry

stock || are classified as follows:

Quartz veinlets and micro-veinlets:

The guartz veinlets are almost ubiguitous. Chranologically
there are three distinst types of quartz veinlets and microveiniets
developed during different stages of alieration and mineralization
within the porphyry stock 1l &t Sungun [Calagari, 1557). They have
been categorized as early-stage. middie-stage, and late- stage

guartz veinlets and micro-veinlats.

Early -stage (E-type) quartz, veinlets _and
micro-veiniets:

They are relatively narow (™ 20-300 L m widel, and consist
predominantly of quartz and are parren or contain mMingr amMounts
of sulfides, Quartz crystals are fing-grained (but coarsar than those
in tha matrix) with granular [moszaic] texturg, theugh some show
palygonal pattern. The crystals contain sarme sporadic, very small,
fluid inclusions, Sulfides ars chiefly chaleapyrite with lesser
armounts of pyrite. Sulfides are nesrly the game size as quany

crystals, and ara, in general, similar to those dizsseminated in the
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matrix. Where veinlsts cut through primary biotite, & thin film of
secondary bictite is devaloped along the veinlel’s walls. Similarly a
thin alteration halo (selvags) is formed alang veinlet's walls whare
the veinlet intercepis plagicclase phenocrysts, The halo resisted
later hydrolytic alteration. Wnere the veinlet was inundated by the
overgrowth of the secondary orthoclase, its trace i3 still
distinguizshable,

The vainlets are curved and locally irreguiarly erenulated indicating
that they undarwent plastic deformation prabably when the rock
had not been completely solidified, and could not rheclogically
sustain brittle fractures. The formation of 2 gecondary biotie
salvage along the weinlat's walls and owergrowths of secondary
orthociase, strongly suggest that they were developed during tha
early stage of potassic alteration (Fig 3|

Middle-stage vainlets and
micro-veinigts:

quartz

These san be further sub-divided inte two distinet types, 1)
quartz-moly and (2] quartz-sulfids veinlets and microveinlats.

Guartz-maly veinlsts and micro-veinlets: They vary in width
from ~ 100 4 m @ T 1.5cm, and consist predominantly of
quartz, and small amounts of sulfides, sericite aggregates, and
dalamite, The veinlets have parallel and sharp contast with heavily
saricitized hostrock, and do not show visible alteratian halog. Tha
quartz crystals are fine to medium-grained (™ 1mm) with mosais
texture, and are rich in fluid inclusions [including gas-rich and
halite-bearing ones). The rmajority of the quartz crystals show
undulase extinstion [strained), and contain numerous cross-cutting
micro-diactures, The crystals are finer toward the veinlet's walls
and coarser toward the middle of the veinlet; the zulfides present
are mainly malybdenite, chalcopyrite, and pytite. The armounts of
molybdenite is high (forming ~0.5-3 Vol% of the veintet), and
mestly concentrated adjacent to the walls where finer crystals are
present, The sulfides are sirnilar 1o thoese in the matrix. The
veinlets are cut by quartz-sulfide veiniets and are spatially and
temparally related to the phyllic and potassic- phyilic altaration

zones (Fig. 3.
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Guartz-sulfidss veinlets and micro-veinlels: These are up to
1em wide, and consist prineipally of quarz, minor amounts of
sulfides and calcite, and small amounts of sericite apgragates
{figs. 14 & 1B}, The veinletz are continuous, and have parallel
sharp contact with the strongly sericitized hostrock. The guartz
crystals are medium-grained with a mosaic texture, and compries
numerous sub-parallal and cross-cutting micro-fractures. The
crystals ara rich In fluid inglesions, and exhibit patchy extinction.
The sullides are mainly concentrated in the middle of the vainlets,
and =zre chigfly pyrite with lesser amounts of chalcopyrite
{replacing pyrite) and trace amounts {<0.1Vol.% of the vainlet) of
molybdenite flakes. The sulfides are similar 1o those in the matrix
and in the site of altered ferro-magnesians. In the potassic zone,
the veiniets crosscul the secondary overgrown orthoclase, Tha
veinlats cut the guarz-molybdanite veinlets, and are cut by tha

late-stage quartz veiniets (Fig.3).

Late-stage quartz veiniets and micro-veiniets:

They can be furthe: sub.divided into two discretete types, (1)
late-guartz  (L-type quartz) and (2) chert wveinlets and
micro-veinlets,

Late-quertz {L-type quartz) veinlets and microvainfets: They
vary in width fram ™ 100 g m up fo 2mm, and show almest no
alteration salvages along their walls which are continugus, parallel,
and sharp against @ very fine-grained quartzo-sericitic hostrock.
The weinlets consist primarily of guanz, snd little of na sulfides
and calcite. Medium-grained guartz crystals having relatively fewer
micro-fractures, show a granular texture, and contain extremely
fine fluld inclusions (=2 g m). Sulfides [chalcopyrite and pyrite)
and calcite are present rmainly in the central parts of the veinlets,
and have a similar grain size to enclesing quartz crystals. The
veinlets cut through the sulfide and quartz-sulfide veinlets. On the
basis of textural evidance and paucity of sulfide content, they ara
thought to have been developed temporally during the late stage
of phyllic altaration (Fig.3).

Chert veinlels and micro-veinlets: They are not ubiquitous,

and are anly prezent in the upper {at elevations greater than 2050

m above the sea level) and central parts of the porphyrny body.
They wvary in width from S0 & m to 3mm, and consist
predorninantly of ultra-fine- grained quartz and amall amounts of
sulfides and sericite. They display an anastomosing pattern, and
have sharp contacts with the fine-grained gquerzo-saricitic
host-rock. The sulfides are fine-grained pyrite and cheleopyrite,
and molybdenite. Textural evidence reveals that fluid deposited
the chert, dissolved the eardy - formed sulfide minerals and
re-deposited them as wery fine crystals in othar sites in the
veinlets. As the result of this process, many early-farmed coarse
crystals of pyrdte cut by the weinlets have been marginally
granutatad dramatic size reduction) along the veinlets walls. These
veinlets eross-cut and for fill the center of the L-iype quartz
weinlets. They are thought to have been developed during the

waning stage of the phyllic alteration (Fig.3).

Sulfide veinlets and micro-veinlets: They are
thought ta have been developed mainly during phyllic alteration.
They can be sub-divided intc thres separate types. (1)
chalcopyrite, () pyrite, and (3] molybdenite veinlets and

micra-vainlats.

Chalcopyrite veinlets and micro-veinlers: Thess

are narow (Up to 100 & m wide), discontinuous, and segmented,
and have sharp walls (Fig. 24), although some show an alteration
hala [sericitized selvage). They cansist principally of chaleapyrite,
with minor amounts of pyrite, quartz, and sericite. The sulfides in
tha vaeinlets are similar to thase in the host-rock and in the glite of
farro-magnesians,  The wainlets cut through  the  secondary
arthoclase overgrowths and Eype guarz (in the potassic
alteration zone] and guartz-moly and dolomite veinlets {in the

potassic-phyliic and phyilic alteration zones}.

Pyrite veinlets and micro-veinlets: They are up o

1om (locally to Zom) wide, and consist prirmarily of ralatively
comrsa crystals of pyrite, and miner amsunts of fine shalcopyrite,
fine to medium-grained quartz, sericite flakes, and caleite. Quartz

erystals contain abundant small (<3 p m) fluid inclusions. The
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veinlets are irregular and discontinuous, and have sharp wall
against heavily sericitized host-rock (Fig. 28), Tha pyrite crystals
locally sutfered intense fracturing and micro-brecciation. The
veinlets cut and are cut by guanz-sulfide veinlets indicating they
ware developed almaost contemporaneausly, Pyrite erytsals in the

hast-rack adjacent to the veinlets' margins are similar to those

within the veinlets,

Molybdenite micro-veinlets. They are relatively scarce,

and are only locally developed. They occur as very thin (™ 100 u
m wide), curved, and discontinuaus stringers intimately associated
with quartz-maly veinlets. They are present primarily close to
barder of quartz-moly veinlets within the host-rock where they are
siretehad nearly parallel to the veinlet's walls, The miero-veinlets
consist principally of molybdenite (~40Vel®) and guarz
{~40vol.%) along with lesser amounts of sericite (10-15Vol %),
calcite [3-8Vol.%), and chalcopyrite [~ 2ol %). The malybdenite in
the micra-veinlet occurs as very fine 1o fine anhedral to euhedral
flakes (Fig.2C). Molybdenite rmicro-velnlets are thought to have
developed almost synchranously with the guartz- molybdenite
veinlets {Fig.3),

Sericite micro-veinlets: They are relatively narrow
[=100 g wide) and discontinuous, and consist mainly of serigite
and subardinate pyrite replaced by small amounts of chalcopyrite.
They are not ubiguitous, and are maore camman in gamples from
potassic zones in which they cut through the secondary crthoclase
overgrowths. They formed contemparznsausly, during phyllic

altaration (Fig. 3).

Carbonate veinlets and micro-veinlets: They are
mainly abundant adjacent to skarn patches, The relative scarcity
of carbonate veinlets in the porphyry body suggests that the
hydretharmal fluids mainly circlated more through the shattered,
fractured, and hot porphyry body rather than through the less
fractured, less permeabls, and much colder limestans body. The
carbonate velnlets can be further sub-divided into three dislinct
types, (1) dolomite, (2] calcite-pyrite, and (3) calcite veinlets and

miera-veinlets.

v o

Dolomite veinfets and microveiniels: They are

ralativaly scarce and up 1o 2mm wid, and have sharp contacts with
the host-rack. They consist chiefly of medium-grained [up fo
2mm) subhedral to euhedral dolomite crystals showing a granular
texture, and minor amaunts of caleite, quartz, and sulfides {pyrite,
chaleopyrite, and molybdenite). Most of the dolomite veinlets were
re-cpaned and filled in by the quarz-sulfide and pyrite veinlets.
The dalomite veinlets are conceived to have formed during the
middle stage of alteration and mineralization, and to be temporally

coeval with quartz - molybdenite veinlets (Fig.3),

Calcite-Pyrite veinlets and micro-veiniets. They

are Up to 2mm wide, and mainly present in the vicinity of the
skan patches, They consist chisfly of calcite, considerable
amounts of pyrite, and minor amaounts of quartz. Calcite in these
veinlets ocours as very fine to medium-grained crystals. Quanz
oocours  as  ultra-fine cherty patches as well as fine to
medium-grained subhedral to euhedral solitary crystals. Pyrite i
present as medium-grained subhedral to euhedral orystals
{ralatively coarser than the enclosing caleite crystals), and forms
about 10-40Vol% of the veinlet's volume. The veinlats cut the
sericite veinlets and are inferred 1o have developed during the

formation of the pyrite veinlets (Fig, 3).

Calcite veinlets and micro-veinlets: they vary in

width frem 20 g m ta 2 Cm, and have an anastomosing
pattern. The majerity are continugus having sharp contacts (Fig.
2C), although some occur as lenticular paiches with a vuggy
center where euhedral drusy calcite crystals project towards the
yug's center (Fig. 10). The veinieis consist predominantly of
caleite, minor amsunts of guariz and rarefar no) sulfides(pyrite
and chalcopyrite]. If present, the sulfides appear 1o be mainly near
the veinlet's walls.

The veinlets cut the E-type quanz, quartz-sulfide, and even
Ltype quartz veinlats. Calsite micro-veinlets are also leeally
prezent in the early dike seriez indicating that the formation of

calcite veinlets was nearly contemporanecus with these intrugions
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into the porphry stock Il H has been inferred that the calcite
veinlsts formed mainly during the late stage of phyllic atteration

{Fig. 3).

Gypsum(after anhydrite} veinlets and
micro-veinlets: They are primarily present close to the skam
patches, and are mainly restricted within the elevation ragne of
1550-1700m above the sea level. They are about 100 4 m 1o Smm
wide with an anastormosing pattern (Fig. 1E). They have sharp
walls, and conszizt exclusively of gypsum, The veinlats appear to
have sutfered velume expansion and the walls were pushed apart.
It has been inferred that the gypsum wveinlets were initially
anbydrite vainlets which later becarme flooded by undergraund
water at low tamperatures (<20 ¥ C) and became hydrated and
eonverted into gypsum. This caused about a 0% velume increase
in the veinlets, they are thought to be relatively younger, and
formed prabably at the waning stage of hydrothermal activity (Fig.
).

Conclusion

One of the most important physical factors which controlled
the hypogene hydrothermal alteration and mineralization of the
pre-sxisting silicates in  Sungun was the development of
stockwork-type fractures and micre -frastures, The development of
various types of cross-gutting veinlets and micro-veinlets within the
porphyry  gystern in Sungun indicates that the naturs of
mineralizing fluids changed temporally and spatially. Multiple
events af hydro-fracturing were documented by fluid inclusion
data (Calagari, 1%57). Paragenefically, fthe weinlets and
micro-veinlets are thought to have forrmed in three distinct, but

almast cantinuous, stages, early, middie, and late.

Eﬁffg-ﬁf&g&.‘ The separated and evelved fluid phase canfined
at the pluten's cupola is believed to have been respansible for the
initial rupturing and eracking of the overlying rocks, The fractures
and micra-fractures, thus formed, were subsequently filled in by
the E-type guartz veinlets and microveinlets, The crenulated and

relatively thin nature of these early veinlets dencts that the rocks

hosting the veinlets were not fully corsolidated and had a plastic
bahaviar, and the fluid pressure was not sufficient to keep the
fractures apen for relatively a long periad of time. The precipitation
of quartz and sulfides in these early veinlets caused the initial
fractures to be chocked and the fluid ta revert to lithostatic
pressure ragime. The relatively low density of the wvainletz and
micra-veinlets in this stage indicates the water to rock ratio was

relatively low,

Middle-stage: The eaily veinlets were followed by extensive

and intensive hydre-fracturing resulted from retrograde  bailing
pracesses analogous to ones mentioned in the early stage. The
rmost intense shattaring and crackle-type brecciation occurrad in
the central part of the cupola of the porphyry stack Il The creation
of these widespread and intense fracturings and micro-fracturings
furnished suitable conduits for the confined hydrothermal fluids to
reach to the almast entire body of the rock materials. Multiple
evenets of hydro-frasturings  dudng  this stage caused the
farmation  of different types of cross-cutting  wveinlets  and
micro-velnlets such as quartz (quarkz-moly and quariz-sulfides),
sulfides (chalcopyrita, pyrite, molybdenite), silicate [(sericite), and

carhanates (dolomite, caleite-pyrite, and caleita) enss.

Late-stage: The Liype quartz, chen, some calcits and
calgite-pyrite, and anhydrite (present gypsum) wainlets and
micra-veinlets are thought to have formed during the waning stage

of hydrothermal activity In Sungun.
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Fig.1: Photographs of cut diamond drilled cores from potassic-phyllic alteration zenes in the porphyry stock |1 at Sungun. Gyp = gypsum, Cal
=calcite, Otz =quartz.

A Fault breccia cemented by galena and pyrite.

B: quartz-sulfices veinlsts and micro-veinlets intersecting feldspar phenatsysts and rock martrix.
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C: Caleite veinlets intersecting the gquanz-sulfides veinlets.
[: Caleite vugs showing euhedral drusy caleite crystals,
E: Gypaum veinlels.
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Fig.2: Photemicrographs of sulfide veinlets and micso-veinlets from potassis-phyllic alteration zone In the porphyry stock 1 at Sungun. Py = pyrite,
Cpy = chaleopyrite. Moly = malybdanite, &; Chalcopyrite micro-veinlets. B: Pyrite veinlet. C: Molybdanite micro-veinlat,
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Fig.3: Paragenetic sequence of the development of various types of veinlets and rmicro-veinlets in the porphyry stock 1| a1 Sungun. The thickness
of the horizontal bars is related to the relative abundance of the veinlets in the parphyny system,
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