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31°00 ; . = CORRELATION OF MAP UNITS Shaigalu )_;[ar_ldlstorll_e - (Mloceng and . Oli- Mughal )—llj(oi For:llaﬁon (Upper  Creta- - Sheeted dikes—Light gray, dioritic, and fine to INTRODUCTION
URFICIAL DEPOSITS gocene)—Nainly light-gray and greenish-gray ceous ark-gray calcareous mudstone and cal- 3 es i » 4 : : : ¥ :
. N sandstone interbedded with green, gray, and pale- careous shale intercalated with quartzose medum grained; eomposed <of fellispar, hom: i (')l'dhxstgefn te;algz;i gﬁfyltoglccmalpBof .we;t Cfl_?tr?l SPfLﬁstan}gﬁgﬂ
Qay Holocone green shale. Sandstone is fine to coarse grained, sandstone and light-gray argillaceous limestone. blende, and minor ameunts of pyroxene and st e e L B i
locally gritty to pebbly, thick bedded to massive, Lower contact with the Parh Limestone is uncon- i d.M.am ro<(:ik type;barhe horInblegdj glonge, Wi pbbka coope FElive pragran o'f the:Geslegicel SL}rvey Rl
Qao calcareous, micaceous, and rarely ferruginous or formable (Fatmi, 1977). The Mughal Kot Forma- QUi donite, aho, sephiboite. lnifiaen by pla- stan and the United States Geological Survey. Funding was pro-
> QUATERNARY carbonaceous, and exhibits cross-stratification and tion is exposed in northeastern part of map area, giogranite or trondhjemite dikes not shown on vided by the Government of Pakistan and the United States Agency
PLATEAU I. MOLASSE DEPOSITS Pleisiocens ripple marks. Shale is predominantly calcareous, southeast of Muslim Bagh (fig. 2) and the map. Identified as sheeted dikes by previous work- for International Development through Project 391-0478: Energy
o Bl in places arenaceous, and fissile to flaky but locally Ziarat-Kach area (fig. 2, locs. 8 and 12). Locally, Zr;b (Rols;r_?gn gsnd ot}:je:i,. klng71 ’2 ggl(;nad and Planning and Development Project (Coal Resources Exploration and
lt?logfy; lo_Fha!ly gz:jbonzfaceous, corétairll_ing }(enses of unit éncludes the (Irlggci)Fqunalt(i::n of1 15-I61_n§1(r)1(5); Sur- ol :ri’i otheré 19t19r:r31)ate ICKNess 2, m (Men- Assessment Project) component 2A; Participating Agency Service
< ignite. in s oI gray sandy limestone are vey Corporation . ickness m in ? . A t No. IPK-0478-P-1-1-5068-000. Th f logi
DAL Pliocene present locally in lower part of unit; limestone beds the Kach area (Fatmi, 1977) Mafic cumulates—Gabbroic; gray to dark green e Mo L i ¥ W
(PISHIN FLYSCH PROVINCE) . 2y S ) when fresh ‘and dark brown to black when weath- map data are primarily 1:253,440-scale geologic maps obtained
Miscste are cc.mglomeratlc in upper part of unit. Limestone Parh Limestone (Upper Cretaceous)—Light-gray, d: & di d fnl. 1 o from Hunting Survey Corporation (1961) and the geologic map of
is argillaceous (rarely sandy) and fossiliferous. Con- white, green, and olive-green, thin- to efed; the, MO, and. TOREC graliec. SO the Muslim Baah Ophiolite Compl d Bagh C gl M
MIN LY y glomerate contains pebble-, cobble-, and boulder- medium-bedded, lithographic and argillaceous posed of hormiblende gablvo in upper part and e R S area (Men-
%Epﬁg&%lgﬁﬁmmﬁﬁg Oligocene size clasts of sandstone, limestone, marl, jasper, limestone intercalated with subordinate gray calcar- pyrazenc gabbeo in lewer part, Characteqzed by gal. akid aitiars, 19931 The geol(?gy b m.odlﬁed baserd oi) recon:
Q TIEIRU ety and igneous rocks in a sandy matrix. Lower con- eous shale and greenish-gray marl. Limestone is compositional  banding. ~ Estimated _thickness naissance field work and photo interpretation of 1:250,000-scale
T tact is transitional and conformable with the infor- characterized by porcellaneous texture and con- 400-1,500 m (Mengal and others, 1993) Landsat Thematic Mapper photo image (map B). The descriptions
4 - ultramafi f
= PT——— mal Murgha Faqirzai shale. Unit is 950~1,900 m choidal fracture and contains Globotruncana sp. Mafic and ultramafic cumulates—Composed o and thicknesses of map units were based on published and unpub-
thick in the Khwaja Amran Range (Hunting Survey and other foraminifera. Lower contact with the dunite, wel:jrhte, pa]yrqxenlt%aga;lld gat?bxg. _Rc;ﬁks lished reports (mainly Hunting Survey Corporation, 1961; Fatmi,
Iv. INTRUSIVE ROCKS ~ Eocene Corporation, 1961) (fig. 2, loc. 4); maximum thick- Goru Formation is transitional. Exposed predomi- 310 iepeales SEVa fics: DEt. 15 diaie Tast 1977; Cheema and others, 1977; and Shah, 1977). Informal unit
(AFGHANISTAN BLOCK) ness 6,250 m in the Toba Kakar Range (fig. 2, loc. nantly around flanks of the Sibi-Urak trough. gredes upward info wehrlite, then pyroxenite, and indi “rank” or lithi
- g finallv qabb Dunit tins ‘nods of harbrre names are indicated by a lower-case letter for the “rank” or lithic
Muslim Bagh 5) in northern part of map area Thickness 300-600 m (Fatmi, 1977 nally gabbro. Dunite contains pods of harzburg ) ) ’ .
uslim Bag ; ) X On
o & term (for example, Nasai formation and Shaigalu sandstone) follow
ite. Dunite is dark green to black when fresh and =
Murgha Fagqgirzai shale (Oligocene and Goru Formation (Upper and Lower Creta- : ; : . : ;
] . ) . weathers brown to dark brown. Chromite deposits ing Geological Survey of Pakistan style. In the nomenclature of the
Pal Eocene)—Pale-gray, greenlsh-gray, green, and ceouS)-—nght—gray to medlum-gray and Ollve-gray’ are present in the dunite Pyroxenite is coarse Geological Survey of Pakistan Survey there is both a Urak Group
V. OPHIOLITE, MELANGE, AND INTRUSIVE e pale-brown shale; contains gray to green sand- thin-bedded limestone interbedded with green- = 4 dask vellowish o Ive: blask. and da Urak f 4 ’
AND SEDIMENTARY ROCKS stone, pale-brown and yellowish-brown limestone, ish-gray and locally maroon siltstone and shale. grame‘ ’h ta)lr ky < ?IWIS f orﬁmgea O“ﬁe .a}f s il . ¥ .
TKc < < and pebble conglomerate. Shale is calcareous and Lower contact with the Sembar Formation is con- r?i“::lmsk s “;1 en refh ar(; %i o ths d%rl‘eel? The cross sections were constrpctgd using ? pagsive
flaky; it is the predominant rock in unit and is more formable. Exposed mostly along flanks of the an 43'6 Ofg_eg‘}):)"() en vl\v/[ea e;’e ¢ t}t:ma "1995‘3 7 roof-thrust duplex model that was first applied in the Sulaiman and
Qay abundant in lowey part. Sandstone is calcareous, Sibi-Urak trough and near and east of Gogai (fig. K Ul?ris;) & 'l ter:icenga aZd o fe_rs{ | t) g Kirthar Ranges (fig. 1) by Banks and Warburton (1986). Humayon
fine grained, and present in widely spaced beds 2, loc. 13). Thickness 60 m in the Quetta area i cn;m p a't horrll)pos' . 2 ll'r: le{caa < i and others (1991) and Jadoon and others (1994) showed cross sec-
throughout the shale sequence, but it is more abun- (Fatmi, 1977) fﬁ&lﬁnce :xeni?em e’Duni;IZ ‘:;g;ri,bl;e tl:ésee’ rzrék tions for parts of the map area and areas contiguous with the map
o E ~ Upper Cretaceous dant in upper part of unit. Limestone is shaly, Sembar Formation (Lower Cretaceous and Upper types 1rl:1)ytrh ot s st cmildes wl area. Bannert and others (1992) also showed cross sections in their
¢ AULT AnemmmmT argillaceous, and fossiliferous near base of unit. Jurassic)—Black silty shale with interbeds of black (Kiifet). Hardburaits is dark groen when fresh aid report on the western fold belt of Pakistan, which includes part of
et > CRETACEOUS Conglomerate contains pebbles of limestone and siltstone and gray argillaceous limestone; generally d mkmb. ¢ blg & i 8 thored. Wekilite i the map area at a scale of 1:500,000. The thrust faults are shown
"’—‘-Qil Saifullah igneous rocks and occurs near base of unit. glauconitic and pyritic, and (in the basal part) RN B T LUED et s, WREERE W :ohe ; :
o Qila Saifulla {ocaly. 4 - . . dark green when fresh and brownish green when as high-angle faults (reverse faults) whose angles decrease with
ocally, igneous pebbles present at base of unit. locally contains phosphatic nodules and gray to o . N
. - 2 weathered. Pyroxenite is yellowish to dark green. depth. Some of the faults have been folded, so their original geome-
Parts of unit have been pervasively metamor- green shale. Belemnites are commonly present. Estimated thickness 4,000 m (M § el ik . Kn ion B-B' b :
phosed to chlorite-sericite slate, schist, and quartz- Locally, lower part of unit contains some Upper 1993§1 ed thickness =, S RS ST, tries are not known. ~Cross sectl.on ; Fepresents a chietge
Lower Cretaceous ite. Lower contact is conformable with the Jurassic rocks (Fatmi and others, 1986). Lower - . ) apparent thrust fault vergent direction from east-southeast to
informal Nisai formation (Tn). The Shaigalu sand- contact with the Chiltan Formation (Jc) in western Ultramaﬁc‘ tectomtgs—.Compos‘ed of dunite and south-southwest. This change in apparent vergent direction proba-
< stone and Murgha Fagqirzai shale form a thick part of map area and the Loralai Formation (Jal) in harzburgite.  Dunite is 'greemsh black, or dark bly reflects subsequent bending (folding) or rotation of the terrane
Upper Jurassic flysch sequence that filled a trough. Unit is eastern part is disconformable. Mostly exposed gregnﬁwhen ‘frezh a:(é light tl;rown. when weath- containing these thrust faults. The thrust faults prior to the subse-
468-625 m thick in most areas (Hunting Survey around flanks of the Sibi-Urak trough and near and ered; fne lsrf‘ﬂ“e a(;x lense. Protolith malr?lsil con- quient deforriaton probably bl snslse versest direhions:
Corporation, 1961), but it is about 1,250 m thick east of Gogai (fig. 2, loc. 13). Thickness at the Zl;tr;p?etec;;w;l:rpaer;ltinrir:irelgr pyé‘::;gj;gif[’:r?: ﬂa?li
. . in the Khojak Pass area (fig. 2, loc. 6) type section in the Marri-Bugti area, approximately :
Middle Jurassic ﬁ Nisai formation (lower Oligocene to lower 30 km east of map area, is approximately 135 m, green when fresh and dark brown to black when STBU'C.TUBAL NOTFT )
> JURASSIC Eocene)—An informal unit; predominantly gray but thickness is less near Quetta and Ziarat (fig. 2, yveathered; medium to coase _gliamed. Both oliv- The map area is divided into five major structural domains
and grayish-brown, massive limestone interbedded loc. 8) (Fatmi, 1977) gle and pyroxene aée s_erpenﬁm}z{;ed, but to a lesser (fig. 2) (Maldonado and others, 1993). Except for the surficial
with minor light-gray marl, gray, green, maroon, Dungan Formation and Mona Jhal Group, undi- Ba he(g:;ree t{lan in the u(r:nte. Thickness not known deposits, the map units are largely described with the various struc-
Boiiardncssic yellow, and brown shale, and gray, green, brown, vided (Eocene to Lower Cretaceous and Upper giy=ompex (U;:jper ; rgtflceoug to ?Elp%r Tr:ia%- tural domains, beginning with the youngest domain (I) and ending
and white sandstone and conglomerate. Lime- Jurassic)—Includes the Dungan Formation of the IS.E)TCf)mp?se s T’lg; rtnhajor 1395 OUT?] e with the oldest (V) (see “Description of Map Units”). The five
p stone is highly fossiliferous, reefal, shelly, brecci- undivided Tertiary and Cretaceous units (TKu) and itho Ogli_:1 'u;]uts (Mengal an oders, l). ese domains are as follows: 1, the Sibi-Urak trough (molasse deposits); II
Jal : ated, and locally argillaceous. Marl is well bedded the Mughal Kot Formation, Parh Limestone, and units, which were not mapped separately, are, in A o vy A e
G . . . : ; structurally descending order: serpentine melange the Pishin flysch province (flysch deposits); IIl, the Sulaiman fold and
Upper Triassic and grades into limestone or shale. Shale is fissile Goru and Sembar Formations of the Mona Jhal i 0 g # 6 q f gk, thrust belt (predominantly marine shelf sequence): IV, the Afghani-
e ) s > TRIASSIC and locally calcareous, lateritic, and (or) carbon- Group (KJm). Unit is present in northeastern part Lnu lsttor}'n‘e me ahn%(la’ | trfama Cd and 1na chr'o;; ’ a5 block 'ptru' ksy . and V. the M ? B ’hO, hioli gC
oChinali Middle Triassic aceous. Sandstone is calcareous, fine to coarse of map area southeast of Bagh (fig. 2, loc. 9) aSE ~chert, d'y oc astlte—r}?u s:tjoi'xe, O%_ iolite stan block (intrusive rocks); an » thie s Bagh Uphioiite: Com-
Lower Triassic grained, poorly to well sorted, quartzitic, thickbed- Bibai Formation (Upper Cretaceous)—Divided into TOCK, upﬁaer_l_hse 1ment.i:1ry TOCR, ang cl?aver > 1n:jen— ple>‘( and the Bagh Complex (ophiolite, melange, and intrusive and
ded, and crossbedded. Conglomerate contains upper and lower zones. Upper zone is a thick tary l”OfCt}:l : ehcomg /i)l( was émgma Iy-l mappeS as sedimentary rocks).
PERMIAN angular to rounded pebbles and boulders of lime- sequence of volcanic-boulder conglomerate inter- part % S Etiir atl 15 6cl)zal rou;l)s ( untcl;ng Lr- The map area contains two types of thrust faults: faults that
PENNSYLVANIAN stone, marl, jasper, sandstone, and igneous rocks. bedded with ash beds and tuff units. Ash beds con- \{egy7 o thorad Ona Abb ) 13957 éne arége Ehar’}s§er, predominantly place older strata on younger strata and faults that
TO CAMBRIAN Defined as the Nisai Group by Hunting Survey tain various amounts of volcanic and nonvolcanic ic Parh néa an b (;tss’ ki )aanthas 619235- place younger strata on older. The older-on-younger strata may rep-
30°30 Corporation (1961) but redefined as the Nisai for- material.  Tuff units also interfinger with a ;w d {? r d ror}? By hC aln t;) ;{s (al Z:l resent deformation that resulted from the collision of the Indo-Paki-
LATE mation by Cheema and others (1977). Near sequence of coarse sandstone, argillaceous tuff, tie n(elg;:sa 1?’99 Z)g ‘ PR Iy fer‘)g e stan tectonic block with the Eurasian tectonic block during the
BASEMENT ROCKS PROTEROZOIC southwest corner of map area, the Nisai includes and mudstone. Lower zone is composed of inter- . dfzrs tard,  aiid to 4 Cgf"p < kos 1gneousc,l Eocene (Powell, 1979). Some of the younger-on-older strata may
- the Wakabi and Naimargh Limestones of Hunting bedded agglomerate, tuff, and basalt lava flows. oe 1mtin a'.}l]’ an ¢ Bmeha(rfrilor% 1]c rogc) Tﬁxpose g represent (1) ob,duction of the Muslinm Bagh. Ophislits Complex-anto
Survey Corporation (1961), which are too thin to Basal part of lower zone is interbedded with the FEGR” THE. Village OF LT WY = 105 Sin e . SrLp P
lex is bounded on the north by the overlying Mus- rocks of the Bagh Complex during the Late Cretaceous to earl
show separately at the map scale. Lower contact Parh Limestone of the Mona Jhal Group (KJm). f’ Baah Onhiolitic Compl 4 d on th ying th b Pal Koii g v pth 3 d f . ¥
is an angular unconformity above Mesozoic sedi- Formation is mapped northeast of Quetta, but in tlhrz, G?f/;al-Ba‘z;}iof;uTt nggri);i?:at;{e]xpgszgu thicks-l ?(:ﬁenet f( u?zlma an % | ef57u119?‘3] an ll'(?) Ol;nti}?lltl?nd OfPaﬂlzie
DESCRIPTION OF MAP UNITS Shin Matai formation (Miocene)—Composed of a mentary rocks and rocks of the Muslim Bagh eastern part of map area it is included in the lower ness 500 m : PR At us o possitie Tesul of the doiiggn aligie Incdo-rakl
) X ne)—C X Ophiolite Complex. Exposed in northeastern and art of the Mughal Kot Formation of the Mona stan tectonic block with the Eurasian tectonic block.
cyclic alternation of gray, light-gray, white, red- P p P p 3 Serpentine melange unit (Upper and Lower Cre-
SURFICIAL DEPOSITS dickibrorn. biowrish -gray, greenish _é rav. and buff southwestern parts of map area. North of Nisai Jhal Group. The Bibai Formation was named by trpe Ry g d of bl ppk: £ oan ¢
z % ook (Hol N 1 p sandstone ,an d orange b;'own el aﬁa yellow- (fig. 2, loc. 16), thickness about 1,200 m (Cheema Kazmi (1979) after Bibai Peak in the Gogai area r:;;;(]’;s ultrar(r)mrar}ipcosriafi: r:é:ks gngarrfézggf;h?c
ay oung alluvium (Holocene)—Includes gravel, sand, ish-gray claystone, and conglomerate. Sandstone and others, 1977) (fig. 2, loc. 13). Approximately 3,000 m thick in ks widelydistrbuted In a &ealy serpentifio
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silt, and silty clay derived from the surrounding
mountains and older alluvium; present in areas of
low relief in intermontane valleys and along

is fine to coarse grained, crossbedded, calcareous,
and moderately cemented. Claystone is calcareous

. PREDOMINANTLY MARINE SHELF SEQUENCE

the Ziarat region (Kazmi, 1979)

Chiltan Formation (Middle Jurassic)—Predominantly

light- to dark-gray, black, brownish- to bluish-gray,

matrix. Metamorphic rocks include ampibolite,
garnet-hornblende schist, and greenschist. Other
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Qb Bostan Formation (Pleistocene}—White, light-gray, cemented. Claystone is sandy and silty. Conglom- others (1977). Locally includes the Spintangi n:i?:)—Per;ln;;ir?:nﬂ;(J glrayio i:igrk—gray(;;d t:;:clls(- limestone and shale, and massive limestone. Age Pakistan Science Conference, 18th and 19th, Jamshoro,
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red, maroon, and light-green clay and conglomer-
ate, and gray, brownish-gray, and maroon sand-
stone. Clay is poorly consolidated, silty,
gypsiferous, and of lacustrine origin. Conglomer-
ate contains subrounded pebble- and boulder-size
clasts of limestone, sandstone, and volcanic and
ultramafic rocks. Sandstone is fine to coarse
grained and has salt-and-pepper texture; sand-
stone beds are widely spaced and interlayered with
boulder conglomerate. Upper contact is uncon-
formable or transitional with alluvial deposits.
Lower contact is unconformable with Multana for-
mation (informal) and forms an angular unconfor-
mity on older strata [Shaigalu sandstone, Murgha
Fagirzai shale, and Nisai formation (all informal),
Shirinab Formation (Js), and Loralai Limestone
(Jal)l. Exposed mostly in northern part of map
area in the Pishin Basin and north of the Zhob Val-
ley (fig. 2, locs. 1 and 2). Cheema and others
(1977) reported a thickness of 750 m in the Pishin
Basin

Dada Conglomerate (Pleistocene}—Conglomerate

and minor green-gray and brown sandstone. Con-
glomerate consists of limestone boulders and peb-
bles in a sandstone matrix, interlayered with
subordinate sandstone lenses. Sandstone is coarse
grained, pebbly, and crossbedded. Upper contact
is commonly gradational into older alluvial depos-
its; lower contact is conformable or disconform-
able. Exposed in the Sibi-Urak trough in southern
part of map area. About 1,000 m thick in the
Urak area (Hunting Survey Corporation, 1961)
(fig. 2, loc. 3)

Urak Group, undivided (lower Pleistocene to Oli-

gocene?)—Includes, in descending order, the
Urak, Shin Matai, and Uzdha Psha formations (all
informal) (Kazmi and Reza, 1970). These three
formations were not mapped separately. The
basal part of the Urak Group, as mapped by Hunt-
ing Survey Corporation (1961), also contains fer-
ruginous and argillaceous shelly limestone beds of
the Gaj and Nari Formations. These two forma-
tions are included as part of the Urak Group in the
study area because of scale and lack of mapping
information. In the Salt Range area, about 350
km northeast of map area (fig. 1), the Soan, Dhok
Pathan, and Nagri Formations in the upper part of
the Siwalik Group (Cheema and others, 1977) are
equivalent to the Urak, Shin Matai, and Uzdha
Psha formations, respectively. The Siwalik Group
represents a different basin of deposition from that
of the Urak Group; therefore, the Urak Group
nomenclature is preferred for the map area. The
Urak Group is exposed mostly in northern part of
the Sibi-Urak trough (fig. 2) in central part of map
area

Urak formation (lower Pleistocene and
Pliocene)—Mainly conglomerate; interlayered with
subordinate varicolored sandstone, siltstone, and
claystone. Conglomerate contains poorly sorted to
well-sorted, subangular to well-rounded, boulder-
and pebble-size clasts of limestone, sandstone,
chert, and igneous rocks in a sandy clay matrix.
Lower contact is gradational with Shin Matai for-
mation. Cheema and others (1977) reported that
the equivalent Soan Formation is 1,500-3,000 m
thick in the Quetta area (fig. 2). However, a thick-
ness of 470-940 m may be more accurate

erate contains Eocene limestone pebble clasts.
Lower contact is variable and transitionally con-
formable with the Gaj Formation. In areas where
the Gaj and Nari Formations are absent, the con-
tact between the Uzdha Pasha formation and the
underlying Kirthar Formation (Tk), older Tertiary
units, and Mesozoic rocks is an angular unconfor-
mity and a disconformity (Hunting Survey Corpora-
tion, 1961). The equivalent Nagri Formation is
approximately 600 m thick in the Urak area (fig. 2,
loc. 3) (Cheema and others, 1977)

Gaj Formation (Miocene? to Oligocene?)—Green-

ish gray, variegated, gypsiferous shale and subor-
dinate greenish-gray and brown, calcareous,
ferruginuous, crossbedded sandstone and brown,
yellowish-brown, and white, argillaceous and fos-
siliferous limestone. Lower contact is transition-
ally conformable with the Nari Formation.
Thickness 90 m (Williams, 1959; Cheema and
others, 1977) in the Sor Range (fig. 2, loc. 19)

Nari Formation (Miocene? to Oligocene?)—Upper

part is composed of grayish-brown sandstone inter-
bedded with medium-olive-gray calcareous clay-
stone and lenticular, arenaceous and clastic
limestone beds. Lower part is white to
gray-brown, shelly and nodular, thin- to thick-
bedded and massive limestone with thin dark shale
and brown sandstone stringers. Lower contact
with the Kirthar Formation (Tk) is conformable.
About 200 m thick in the Sor Range (fig. 2, loc.
19) (Cheema and others, 1977)

Multana formation (Pleistocene to Oligocene?)—

Informal unit consisting of conglomerate,
gray-green sandstone, and light- to dark-green and
maroon shale. Conglomerate contains well-sorted,
rounded to subrounded, pebble- and boulder-size
clasts of sandstone, limestone, marl, diorite, gab-
bro, and jasper in a calcareous sandy matrix.
Locally, lower contact is unconformable on the
informal Nisai formation (Tn). Exposed north of
the Zhob Valley in northeastern part of map area.
About 6,770 m thick near the town of Naweoba
(Hunting Survey Corporation, 1961), approxi-
mately 110 km northeast of map area

i Group (Pliocene to Oligocene)—Green, grayish-

orange, and maroon sandy shale interbedded with
gray, green, and red sandstone and subordinate
pebble conglomerate, and minor brown limestone.
Sandstone is poorly sorted, coarse grained, gritty,
pebbly, and crossbedded. Conglomerate contains
well-rounded to subangular clasts of chert, lime-
stone, and sandstone. Limestone is found only in
lower part of group. Lower contact is disconform-
able with the Spintangi Limestone, which is not
mapped separately but is included with the Kirthar
Formation (Tk). Equivalent, in part, to the Urak,
Shin Matai, and Uzdha Psha formations of the
Urak Group (QTu). Exposed mostly in southern
part of the Sibi-Urak trough, southeastern part of
map area. Hunting Survey Corporation (1961)
reported thickness of 7,190 m in the Sibi-Urak
trough area (fig. 2)

II. FLYSCH DEPOSITS

Khojak group, undivided (Miocene to Eocene)}—An

informal unit that contains the Shaigalu sandstone
and Murgha Fagirzai shale (both informal)
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Limestone of Hunting Survey Corporation (1961).
Lower contact is mostly transitional with the Ghazij
Formation, but where the formation overlies
Mesozoic rocks it is unconformable. Exposed
mainly along the edge of the Sibi-Urak trough.
Thickness 1,270 m (Cheema and others, 1977) in
the Gaj River area, south of map area, but much
less in map area

Ghazij Formation (lower Eocene)—Divided into

upper, middle, and lower zones by Hunting Survey
Corporation (1961). Formation predominantly
exposed around the flanks of the Sibi-Urak trough

Upper zone—Predominantly composed of reddish-

weathering claystone and minor conglomeratic
sandstone containing clasts of limestone and chert.
Locally, upper zone contains thin layers of bog
iron. Lower contact is conformable and locally
unconformable (E.A., Johnson, oral commun.,
1994). Thickness from about 215 m in the Mach
area (fig. 2, loc. 7) to about 300 m near Harnai
(Hunting Survey Corporation, 1961) (fig. 2, loc.
18) and as much as about 535 m in the Sor Range
(S.R. Roberts, oral commun., 1994) (fig. 2, loc.
19)

Middle zone—Medium- to dark-gray sandstone, gray

to brownish-gray shale, minor calcareous siltstone
and brown-weathering shelly limestone, and locally
minable coal. Sandstone is thick bedded, mostly
coarse grained, pebbly, poorly sorted, and com-
monly crossbedded. Lower contact is conformable
and transitional (E.A., Johnson, oral commun.,
1994). Thickness from 30 m (S.R. Roberts, oral
commun., 1994) to about 90 m (Hunting Survey
Corporation, 1961) in the Sor Range and about
300 m in the Mach area (Hunting Survey Corpora-
tion, 1961). Possibly as much as about 2,440 m
thick in the Bahlol area (Hunting Survey Corpora-
tion, 1961), approximately 100 km east of map
area

Lower zone—Olive-green calcareous shale interbed-

ded with thin, buff, medium-grained calcareous
sandstone. Lower contact has been generally
interpreted as an unconformity with the Dungan
Formation, a unit that has been included with the
undivided Tertiary and Cretaceous units (TKu) and,
locally, as an angular unconformity where the for-
mation overlies Paleocene, Cretaceous, and Juras-
sic rocks (Hunting Survey Corporation, 1961).
Lower contact has also been interpreted as a thrust
fault by Banks and Warburton (1986), which we
have incorporated into the geologic map. Thick-
ness from about 915 m in the Sor Range to about
1,220 m in the Mach area (Hunting Survey Corpo-
ration, 1961). As much as 2,225 m thick in the
Johan area (Hunting Survey Corporation, 1961),
approximately 20 km south of map area

Kirthar and Ghazij Formations, undivided (middle

to lower Eocene)—Isolated outcrop about 12 km
east of Shah Muhammad (fig. 2, loc. 17) in south-
western part of map area

Tertiary and Cretaceous units, undivided (lower

Eocene to Upper Cretaceous)—Includes six geo-
logic units that are shown as undivided because of
lack of geologic detail. Includes the Siazgi lime-
stone (informal), Rodangi Formation, Sanjawi
limestone (informal), Dungan Formation of
Cheema (1977), Karkh Group, and Brewery Lime-
stone of Hunting Survey Corporation. (1961).
Exposed around the flanks of the Sibi-Urak trough,
but predominantly exposed on northeast side of
trough

Siazgi limestone (lower Eocene and Pale-

ocene)—Light-gray limestone. Lower contact is

thickness 310 m (Hunting Survey Corporation,
1961)

Rodangi Formation (lower Eocene and upper

Paleocene)—Pale-gray, sublithographic and marly
limestone, marl, interbedded grayish-green shale,
and subordinate sandstone. Upper and lower con-
tacts not exposed. Exposed west of Shah Muham-
mad (fig. 2, loc. 17). Thickness 155-250 m
(Hunting Survey Corporation, 1961)

Sanjawi limestone (lower Eocene and Pale-

ocene)—Cream-white and light-brown limestone.
Lower contact is conformable on rocks of the
Mona Jhal Group (KJm). Exposed in east-central
part of map area near Sanjawi (fig. 2, loc. 14).

Rkg

thin- to medium-bedded limestone interbedded
with gray to dark-gray, yellowish-gray, and black
shale; locally contains white interbedded sandstone
at base. Limestone is fine to coarse grained,
shelly, oolitic, pisolitic, and pelitic. Shale is calcar-
eous and typically fissile. Base of formation not
exposed. Originally included the Anjira, Loralai,
and Spingwar Formations as members (Williams,
1959; Fatmi, 1977); the Loralai and Spingwar
now have formational status and are considered to
be part of the Alozai Group (Fatmi and others, in
press). Exposed mainly in southwestern part of
map area. Thickness greater than 1,500 m in the
Quetta Valley area (Khan and others, 1986)

Alozai Group, undivided (Middle and Lower Juras-

sic)—In descending order, consists of the Loralai
Formation and Spingwar Formation (Fatmi and
others, in press). Present in northeastern part of
map area and south of Gwal (fig. 2, loc. 10). The
group was originally defined by Hunting Survey
Corporation (1961) and included the Triassic Wul-
gai Formation of Williams (1959); that formation is
now included with the Khanozai Group

Loralai Formation (Middle and Lower dJuras-

sic)—Predominantly dark-gray to black, thin- to
medium-bedded limestone and minor gray, red,
and green, splintery and calcareous shale. Lime-
stone is fine grained and argillaceous, and contains
algae and oolites in its upper part. Lower contact
is transitional with the Spingwar Formation.
Exposed in northeastern part of map area south of
Bagh (fig. 2, loc. 9). Thickness 130-650 m (Hunt-
ing Survey Corporation, 1961)

Spingwar Formation (Lower dJurassic)—Gray to

dark-gray, thin- to thick-bedded limestone interbed-
ded with greenish-gray to dark-gray shale. Lime-
stone is more abundant than shale in upper part of
formation and approximately in equal proportions
with shale in lower part; limestone is finely crystal-
line and argillaceous in upper part of formation
and arenaceous in lower part. Shale is fissile and
calcareous in upper part of formation. Diabase
sills locally intrude unit. Formation was originally
named by Williams (1959) and designated as the
lower member of the Shirinab Formation by Fatmi
(1977), but is now considered to be the lower for-
mation of the Alozai Group (Fatmi and others, in
press). Exposed in north-central part of map area
south of Muslim Bagh (fig.2). Base not exposed.
Approximate exposed thickness 1,300-2,000 m
(Hunting Survey Corporation, 1961)

Khanozai Group (Triassic—Composed of the Wulgai

Formation and the underlying Gwal Formation.
Rocks of these units were previously included in
the Parh and Alozai Groups by Hunting Survey
Corporation (1961), but have been redefined by
Fatmi and others (in press)

Wulgai Formation (Upper and Middle Trias-

sic)—Purple, olive, and brownish-gray to green-
ish-gray, well-bedded, argillaceous, noncalcareous,
fissile shale interbedded with limestone and silt-
stone. Gray to dark-gray, micritic, tuffaceous, thin-
to medium-bedded limestone at base. Upper con-
tact is a fault contact and lower contact is a discon-
formity. Exposed in northeastern part of map area
southwest of Muslim Bagh (fig. 2). Approximate
thickness 180 m (Fatmi and others, in press)

Gwal Formation (Lower Triassic)—Dark-gray to

olive, maroon, and greenish-gray, silty, noncalcare-
ous, fissile shale interbedded with gray to
dark-gray, micritic, platy, thin- to thick-bedded
limestone. Locally includes diabase lava flows.
Crops out in northeastern part of map area south-

northern part of map area, where enclosed by
rocks of the Khanozai and Alozai Groups (Japa-
nese-Pakistan Research Group, 1989). Inter-
preted to be of seamount origin

Triassic to Cambrian rock units, undivided—Shown

only in cross sections. Thickness of units not
known

Salt Range Formation? (Late Proterozoic)—Shown

only in cross sections. Composed of gypsiferous
marl, salt, gypsum, and shale (Gee, 1945; Asrarul-
lah, 1967). Exposed along southern end of the
Salt Range (fig. 1)

IV. INTRUSIVE ROCKS

of unit is Late and Early Cretaceous (Sawada and
others, 1992). Thickness not known

Ultramafic and mafic rock unit—Consists of ultra-
mafic cumulate and mafic cumulate that occur as
tectonic slices. Typically, unit forms higher ridges
than other units in the Bagh Complex. No age
data available for unit

Basalt-chert unit (Upper and Lower Creta-
ceous)—Found on southeastern periphery of the
Muslim Bagh Ophiolitic Complex. Unit is charac-
terized mainly by thick basaltic lavas and bedded
chert, micritic limestone, and hemipelagic mud-
stone. Basalt is mainly pillow lavas, some massive
lavas, and volcanic breccia; contains a few lime-
stone beds. Pillow lavas are closely packed; indi-
vidual pillows range from 10 cm to as much as 1 m
in diameter. Basalt is considered to be tholeiitic
and shows mid-ocean-ridge basalt characteristics
(Sawada and others, 1992). Locally, pillow lavas
are overlain by a 30- to 50-m-thick limestone and
chert sequence. Bedded chert is red, tuffaceous,
rich in radiolarian fossils, and characterized by
alternating thin chert and mudstone beds. Age of
unit is Late and Early Cretaceous based on radi-
olarian fossils in the limestone and chert sequence
(Kojima and others, 1994). Thickness not known

Hyaloclastite-mudstone unit (Upper and Lower
Cretaceous)—Composed mainly of basaltic volca-
nic rocks interbedded with siliceous mudstone and
micritic limestone. Unit is divided into three sub-
units (Mengal and others, 1994): upper, middle,
and lower. Upper subunit is siliceous shale with
limestone. Middle subunit contains the following
volcanic rocks as hyaloclastite: volcanic breccia,
and minor pillow lava and lava sheets, basanite,
alkali basalt, and trachybasalt (Sawada and others,
1992). Lower subunit is siliceous mudstone and
limestone intruded by basalt and dolerite. Age of
lower subunit is Early Cretaceous (Kojima and oth-
ers, 1994) based on radiolarian assemblages. K-Ar
dates of amphibole and biotite from volcanic rocks
range from 68 to 81 Ma (Sawada and others,
1992), indicating a Late Cretaceous age. Thick-
ness not known

Ophiolite rock unit (Lower Cretaceous)—Con-
tains blocks of the basalt-chert unit and the ultra-
mafic and mafic rock unit, melange with limestone
blocks, plagiogranite, and sheeted dike rocks
embedded in a mudstone matrix. Dolerite dikes
locally intrude unit. Age of unit is Early Cretaceous
(Kojima and others, 1994). Thickness not known

Upper sedimentary rock unit (Upper to Lower
Jurassic)—Composed of green and maroon, fissile
siliceous shale interbedded with limestone. Lime-
stone is gray to greenish gray and brown, micritic,
and thin bedded in lower part and thick bedded to
massive in upper part. In upper part, limestone is
sandy and conglomeratic (calcarenite). Age of unit
is Late to Early Jurassic based on radiolarian fauna
(Kojima and others, 1994). Thickness about 500
m (Mengal and others, 1994)

Lower sedimentary rock unit (Upper Trias-
sic)—Characterized by interbedded greenish-gray,
dark-gray, and maroon shale, and greenish-gray,
thin- to medium-bedded limestone. Shale is sili-
ceous and phyllitic, and may be either fissile or
blocky; shale is predominant lithology in lower part
of unit. Limestone is argillaceous or silty (calcilu-
tite). Unit is Late Triassic in age based on ammo-
nites, Halobia sp., and radiolarian fauna (Kojima
and others, 1994). Thickness about 500 m
(Mengal and others, 1994)
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