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INTRODUCTION 

Three geo log i s t s  l e f t  Aus t ra l i a  i n  1951 t o  conduct geologicaP surveys 
i n  Pakis tan ,  under the auspices  of t h e  Colombo Plan 
E&%B which provides t echn ica l  a s s i s t a n c e  f o r  the member coun t r i e s  i n  Scu th  and 
South Eas t  Asia, The main ob jec t s  were t o  conduct an economic and 
genera l  geologicaP survey of a s e l e c t e d  p a r t  of the  G i l g i  t Agency, t o  examine t h e  
a l luvia l -gold  prospects  of the  Ch i t r a l  River, and, i f  time permitted, t o  d f s c w e  t h e  
Sind and Eas t  Bengal l i g n i t e s  with the  Direc tor  of %he Pakis tan  Geological Smwey, 
J,F, Ivanac and D,M, Traves, of  the  Bureau of Minerel Resources and D o  King, of t h e  
South Australfan Mines Department, a r r i v e d  i n  Pakis tan  i n  May t o  c a r r y  ou t  the work, 
Af ter  discuss.~on-@-t~,~~~~?irector of the  Pakis tan  ~ & l o g i b a l  Survey, it: was ,d,ecided 
to. commence inves t iga t ions  in~"ebG'$l~t'~~e~c~~~d.~d~exami.ne-the Chi-tzal- .a&fu~aP- 
p l d  depos i t s  a t  t he  conclusion of t h i s  work, M r ,  A, Bakr and M r ,  M,H,A, ~ a m a z i e ,  
Ass i s t an t  Geologists  of the  Pakfstan Geological Survey, aeoompanfed the  party:; Thfs 
r e p o r t  i s  confined t o  the geologica l  surveys i n  the  G i l g i t  Agency, 

" 

The Agency i s s i t u a t e d  i n  the North-Wee t Front5 e r  P r o d n e e  of Paki s t an  
:.,aiid ad jo ins  Russian Turkestan, Chinese Turkestan and Afghanistan, i n  the  nort$'( t he  

d isputed  s e c t i o n  of Kashmir t o  the eas t3  and Chf t ra l  S t a t e  t o  t h e  west,  The:regfon 
&rveyed l i e s  i n  the  north-western s e c t i o n  of the  Agency, and i s  found i n  surfny of 

1.1ndia +inch ( 4  mi le)  sheeted 431, 42Lp 42H and 42D, I n  June 1951, t h e  party: 
 commenced f i e l d  work from G i l g i t ,  and spent  th ree  months i n  the region. Sevekal 
' r epor t ed  mineral  occurrences .were examined i n  t h e  Hunza, N a g i r ,  G i l g i t ,  ~a ram?sh ,  

Gupis, IsNruman and Yasin areaeg a regional  geologica l  survey of approximate1 5,000 
: . -square miles was completed, ? - 

! ' C 

Previous Inves t i g a t  
I 

~ e o l o ~ i c a l  f nves t iga t ions  i n  the  north-west Por t ion  of the  G i g a t  
Agency have been few, and, owing t o  the  extremely mountainou t e r r a i n ,  .have %%en 
. . 

- r e s t r i c t e d  t o  f s o l a t e d  reconnaissance t ravereee  along the  major va l l eys ,  Deta i led  
"geo l sg ica l  mapping i n  t h i a  region  would be a long and t ed ious  task. Hayden 0914) 

made the  f i r s t  i mportant gec log ica l  t r a v e r s e  through the  region, .  Hie r o u t e .  +s 
through Ch i t r a l ,  ever Darkot Pass, down the  Yasin Valley, e a s t  t o  G i l g i t , , t h d n  north 
a long the  Hunza River V a l l e y ,  This ' t r a v e r s e  gave two good s e o t i  onrs approxi.m?tely 
normal t o  the  regional  . t rend,  so  t h a t  although t h i ~  journey mas very  h u ~ ~ i e d j  HaydenOs 
no tes  conta in  valuable desc r ip t ions  and c o r r e l a t i o n s  f o r  f u t u r e  workere. Many years  
e lapsed  before  o ther  workers entered  this region  . 

I n  1948, DF. Clarkp an Arnkriean geoldgfst ,  followed a route .  s lmf la r  t o  
. ' . t o  t h a t  taken by Bayden', except t h a t  he came over Shandur Pass i n s t e a d  of Da?kot Pass, 

Sinee then he has been workirig in t h e  a r e a  bu t  eo f a r  hae not publfehed any keologica l  
, r epor t ,  He has mi t t e n  'some ' s h o r t  unpublished r e p o r t s  f o r  the  Minis ter  of ' K + s h m i r  
- A f f a i r s ,  PakSstan, .AoHo Kazmi, Geological Snmey of Pakfstan, spent  a f t -eldrseasoa 
' , in  1950-51, examining mineral depos i t s  and mapping the  r eg iona l  geology, ~ e i h a s  
prepared a prel iminary r e p o r t  on t h e  geology and mineral oecurreneee of the  lower Hunza 

.!River va l ley ,  Other geo log i s t s  have worked i n  the  neighbourfng &reas  of Chl$ral and 
' t h e  Indus va l ley ,  and t h e i r  r e p o r t s  a r e  of value f o r  comparison and eorrelat 'fon, 

Climate and Vegetation 

The reg ion  i e  s i t u a t e d  i n  the southern ma-ginal p o r t i o n  of t4eqcsnt ra1  
Asian Desert,  The mean annual r a i n f a l l  st G i f g i t  - e leva t ion  4,700 f e e t  - I k - f i v e  

' inch.esl. and northwards t h e  r a i n f a l l  decreases appreciably. Hunza, f o r  example;: 
-, ..eg----- .--. 

r e e e i v e c  . - .,only, 'three inches annti.2XiBB '-KP,P,hI~h1T~Ft~tu4ea-pre8ipi5t&ion.& -mos"tf y era . .  - .. . -  
snowp i n  arm& t he  sriowlXne i i r  .above 1'5,000' %t., whereas-i.n Prrifief .it deseende t o  
approximately 6,000 f e e t ,  Temperatures i n  the  v a l l e y s  range from very low i n  win-ter, 
t o  very high i n  summer, 

The summer season, May-November, i s  the  only p rac t i ' ca l  per iod  f a r  f f e l d  
work, 

Natural  vegeta t ion  i s  very  sparse  below 9,000 f e e t ,  Above t h f ~  a l t i t u d e  
summer herbage i s  abundant; low scrub, l o c a l l y  knowr~ as "jungleu, occurs on some 
a l l u v i a l  f l a t s ,  and i s o l a t e d  pine f o r e s t s  grow on s lopes ,  Habi ta t ion  ia confined t o  
the  va l l eye ,  where crops a r e  grown on i r r i g a t e d  a reas  of a l fuvia1 ,  
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G i l g i t  Agency, s i t ua t ed  i n  the north-west portfon of the  Hfmalayan 
Nountain System, hae extremely mountafnoue topography, The eas tern  port ion of the  
region consis te  of f fve  well-defined ranges - aligned i n  a north-westerly dfreotion,  
s l f g h t l y  cur*lfnear, and convex t o  the sou%h -. whfch fopm a continuation of the 
general Himalaya Arc, ' Towards Chf t r a l ,  the motmtaf n system swings t o  t h e  . south-west, 
and t h i s  r e s u l t s  i n  an acute inf lexion convex to the north, The Hfndu Kush-and 
Karakoram Ranges of north Gf lg i t  Agency conform t o  t h i s  north-facing arcuate arrange- - .. 

,.merit,-- . The.'I@iJaii;: Lad&. and Grsat Himalaya Ranges f n t he .  south-west (p la te .  2), . 
terminate ' a 1  ~g:.'aL~6ne;~'apFofih~tf'~ut~- - t h ~ i - t ~ 6 ~ v ~ r n e - - a ~ ~ - ~ .  sshebe--mow&ain. . . . ..,-. -- " 1 .  ..- ., .. -*-.-a.2-<, -- =.-- 
$rend&? a r e  poorly defined and f rregularib -'st.-.-. ..,. ,-a-t - .. _. -*a 

6: c a .  - *=. . . 
t. The highest  peak i n  the region f s Bakapoehi (25,550 f e e t ) '  ifi: the  

Kailae Range, Nanga Parbat (26,620) and Tfrf chmir (25,320 f e e t )  areasituat"ed a sho r t  
distance outside the reg5on (p la te  l), A t  hfgh a l t i t udes ,  the ranges a re  snow 
covered and glaciated,  The Karakoram Range, i n  Hunza S ta te ,  i s  the most glaciat6d 
.area i n  the region and contains Batura Glacier, the four th  l a rge s t  i n  the  world, fi Tbie 
g lao ie r  i e  37 miles long and terminates st 8,500 f e e t  i n  the Hunza River valley,  4 The 
topography below the present snowffne shows the e f f ec t s  of former glacfatfon, '' 
r fitter horn-type peaks and sharp-crested a r e t e s  a r e  separated by broad g l a c i a l  tr$ugha 
which have a low gradient, The va l ley  s ides  a r e  characterfeed by cirques and mfpor 
:hangfng valleys. The val ley f loore  contain terminal moraines which merge i n t o  high 
l a t e r a l  moraines, p i l ed  agafnet the truncated spurs of the va l ley  walls, Glaofaz 

. l akesea re  common where streams a r e  dammed by morainfc material ,  # 

0 

The region f a  deeply diesected by streams fed by melting f c e  and snow, 
The drainage has a dendrf t i c  pa t t e rn  and eonstf tukes port ion of the Indus River Sylstem, 

.The Indue River crosses the south-eastern seet ion of Gflgft  Agency, and i ts  m a j o ~  
' t r i b u t a r ~ e e  i n  the region a r e  the G i l g i t  Bfver, draining south from the  Hindu ~ u i h  and 
IKarakpram Ranges. The leve l  of the Gifg5t and Hunza Rivers a t  the point  of confluence 
i s  4,500 f e e t o  and t h e i r  average gradient ,  between 8,000 f e e t  and t h e i r  junction; is 
35 t o  40 f e e t  per mile, The la rger  r fvere  generally occupy narrow gorges,.*The ; 
extreme r e l i e f ,  r esu l t f  ng from deep d i s s e c t i  on, i e  the outstanding topographf c a l  
feature ,  Rakaposhi, f o r  example, i s  19,550 f e e t  higher than the Hunza River a t  Maiun, 
a i tua ted  only 9 miles d i s tan t ,  the mean f a l l  being 2,142 f e e t  per  mile, I n  BorneL - 
places where the  valleys a r e  wider, and a t  the junctions w i t h  major t r ibu ta r ies , :  
extensfve a l l u v i a l  ter races  and fans are  formed marginal t o  the r i ve r s ,  6, 

Accessibi l i ty  and Transpor$ 
I 

I 

The e l l a g e  of G i l g i t ,  s i t ua t ed  a t  the in te r seo t ion  of . t r ade  routes t o  
Chi t ra l ,  Central Asia, Kaerhmir and Punjab, i e  the  centre of oommunications'.and 
adminfstration i n  Gi lgf t  Agency, The shor tes t  route to  Rawalpindi and,-Peshawar f a  
along the Indus Bfver valley,  vPa Aetor and Abbottabad. The road i s  t raff icable!  by 
jeep f o r  a few months i n  summer, but  closed fo r  the r e s t  of the year by snow t o  h l l  
forms of t r a f f i c ,  The .+a-route t o  ChitraP vfa Shandur Pass, w h i c h . 5 ~  usable f o r  
most of the  year, is  an a l t e rna t i ve  way t o  Peshawar, The lack of regular'~c6mun4- 
cs t ione l ed  t o  the fntroduction of a f r e igh t e r  air-servfce t o  G i l g i t ,  = i n  19490 c i s  
i s  operated f'rom Rawalpina br appifpate  company under Covemen t  charter ,  -The 
servfce i s  fre.quent'Py in te r rup ted  by bad weather, . .. .. - 

, . 

The trade routes f n  G i l g i t  Ageney generally foPlaw the ma5 n . r i v e S  
vallgys,  They a r e  t r a f f i c ab l e  by jeep f o r  ehort dlatanoee *om Gilgft;,+-to..Hanubhal 
I n  the  Haramoeh .DistrSct, .along the ~uhza B i v e ~  va l ley  t o  Chalt,. and *est+rd along 
t h e  'C i lg f t  River val ley t o  near Gulapur; Apart fkom the t rade routes;.. the* e e 5  
p x - t r a o k a '  along ' t h e  major t r i bu t a ry  val leys ,  and, i n  places, ' these t racks .  arb  
connected by mouritain pasees.\.- open f o r  p a r t  of the year, Pack - or  foo%tracks 
fol1 .m up most of t h e  small val leys ,  

,--7. . -. - . .. -- ,.- -, .3.-..:;--,7-.--->:~-z ---F--'7 =-. - -----.&.------ccz+: .v-. , .- - ' .... : - _ .  - . :' , :- . : ., .. -: +. . 
. . . ... , . , .-..- . . <- -....-... kGb . >maiq . . qoutes a re .  d i h d e d  i n to~u~ay - s t ages  eth r e s t  howes, .  where .- 

accommodation i s ' ava i lab le ,  Pack-animals - horsesg mules and donkeys - a r e  the usual  
mode of t ranspor t  and can be obtained a t  most v i l lages .  I n  summer, most of the horses 
a r e  taken t o  high leve l  pastures, and then f t  is df f f icu l*  t o  obtafn r i d ing  - animals 
9n large  numbers, The average c0'8.t of rfdfng-horses, and pack animals which carry a 
standard load of 160 pounds, f s four  annas (@'pence, ~ u s t r a l f a n )  per  mileb Coolies 
a r e  usual ly  avai lable  i n  l imi ted numbere f o r  t ranspor t  requfremente f n  areas  where 
pack-animafe cannot be used, 
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~ i s p e n s i d n - b r i d g e s .  .have been. -bui l t  a t  most stream' c ross in&,  North of 
Hunza, on the  Central  Asian Route, br idges  a r e  few, and i n  summer it is only poss ib le  
t o  ford t h e  g l a c i a l  t o r r e n t s  i n  the  e a r l y  morning o r  l a t e  evening, when the  meltfne; 
of snow and i c e  i s  a t  a minimum, Rope br idges  and s k i n  r a f t s  a r e  uaed 6y t h e  l o c a l  
people a t  p laces  o f f  the  main rou tes ,  

REGIONAL GEOLOGY 

- In t roduc t ion  . a -. . --. - . . . - -.-- 2- 
&;. 7- 

'1 0 
j The regional ,  geology has  been, compiled- from t r ave r ses  i n  the v i c i n i t y ;  of  
' ~ i - l ~ l h ~ -  .Hunza Val%ey-,-Ghi.sar .River,, Shandw- Bass- and Mas t u  j This  r eg ion  .f e 6.0vef e$ .. 
by the  Quarter Inch ('four mile.) Map Sheets  of No, 431, ~ilgit ;  NO, 42Li. Hunzsp No, 42$ 
Yasin; and No, 42D9 Mastuj. Traverees were made from G i l g i t  t o  I s k e r e  i n  t h e  Haramosh 
Range; along the  Hunza Valley t o  Khaibar, 24 mi les  south of Misgarp a long the  G i l g i t  
and Ghisar Rivers;' over Shandur Pass t o  Mastujp and many o the r  s h o r t  detoure. P l a t e  
8, a compilat ion from the  Four Mile Map Sheets ,  shows the  geof ogy a long a l l  baversbe .  
P l a t e  3; a t  the  s c a l e  of 16 miles  t o  1 inch,  shows the regional  geology of t h e  area;. 
This p l a t e  was compiled f r m  the  t r a v e r s e  map by i n t e r p o l a t i o n  and ex t rapo la t ion  ofi 
known boundaries,  from genera l  topographical  f ea tu res ,  reg ional  t r e n d s ,  and any o the r  
observat ions  such a s  ma te r i a l s  brought down by streams. The d i v i s i o n  of the , 
boundaries i n t o  th ree - ' t ypes ,  a s  shown on the  map, g ives  a n  approximation,:of the : 
'accuracy t o  be expected. ' '  

. .  . .  . i [ 
S t r a t i m a p h y  

I n  thebpast ,  very  l i t t l e  geologica l  work has  been done in t he  G i l g i t  ; 
Agency, and the  s t r a t i g r a p h i c a l  sequence and the  s t r a t i g r a p h i c a l  u n i t s  have no t  been 
defined,  Previous workers have described rock types and o e r t a i n  groupings, and have 
made c o r r e l a t i o n s  with- o the r  p a r t s  of ~ s i a ,  but  they have n o t  o f f i c i a l l y  named any 
u n i t  w i th in  the  region,  o r  compiled a s t r a t i g r a p h i c a l  t ab le ,  Because of t h i s  lack  of 
u n i t  names, i t  has  been necessary i n  t h i s  r e p o r t  t o  name a l l  u n i t s  described. The : 
nomenclature of these s t r a t i g r a p h i c a l  u n i t s  is  i n  accordance with the  nomenclature :\ 

accepted i n  Aus t r a l i a ,  a s  presented by Glaessner,  Ragga tt, Te iche r t  and Thomas (1948) , 
This code of nomenclature was used because no code ha8 y e t  been advanced i n  Pakistan,  

I '.. 
The s t r a t i g r a p h i c a l  sequence has been d i d d e d  i n t o  the  Darkot Group, 

Greenstone Complex, Yasin Croup, Ladrkh Granodforfte,  Karakoram Granodiori te ,  and - : 

Darkot Pass Granodiorite.  Each of these  u n i t s  i s  descrfbed . sepa ra te ly  i n  the  fol lowing 
t e x t ,  wi th  d e f i n i  t i o n s  and explanat ions of the  nomenclature used, Petrographic notes  
on some rocks from the  Groups a r e  given i n  Appendix A, 

Darko t Group - 

The Darkot Group i e  the  name given t o  t h e  sediments and rnetam&rphice, :of  
Upper Palaeozof c age, which outcrop between Darkot v f l l a g e  and Darkot Pass, I n  t h i -  
s ec t ion ,  s l a t e s ,  l imes tones, q u a r t z i t e s  and garnet-mica s c h i s t s  comprise the  Group. 
The Group name has been.extended t o  inc lude  a l l  rooks of similar condi t ions  of 
depos i t ion  and age in t he  region,  and inc ludes  the  IXhaibar Serfes t rp  provisionally 
named by Clark*, and the 'Wshgar  Limestoneslt a s  named by Kazmi (1951). 

Rocks of t h i s  Croup were f i r s t  examined and described by Hayden (1914)~ 
when he t raversed  down the  Yasin v a l l e y  from Darkot Pass, He described the  s l a t e s , .  
sha le s ,  s h a l y  li'mestones and massf ve l imes tones, and c o l l e c t e d  f o s s i l s  From a l o c a l i t y  
a t  Darband, Be c o r r e l a t e d  the  f o s s i l i f e r o u e  limestones and s h a l e s  with the  Fusulina 
limestone and as soc ia t ed  beds of Baroghil a rea ,  bu t  d id  no t  map o r  name t h e  Group. 
The s l i g h t l y  more metamorphosed s e c t i o n  of the Darkot Group, south of t h e  Karakoram, 
Granodiori t e  i n  the Yasin va l l ey ,  was a l s o  examined by Hayden, but  he df d no t  equate'  ' 
i t  t o  the  northern s e c t i o n - a t  Darkot, S imi lar ly ,  he examined the  metamorphics between 
Chalt  and S a r a t  b u t  made no o a r r e l a t i o n s ,  He noted the  s l a t e s ,  q u a r t z i t e s  and lime- . . 
s tone&,  between ~ a s u  an'd Misgar Zrida$emark6ii t h a t  'they we%e"'tlie' gq9uivalZnts 09 Ilth'el " 

Palaeozoic and Mesozoic beds of C h i t r a l  and Yasin", Although Haydenne t r i p  was very  
hurr ied ,  h i s  notes on the l i t h o l o g y  and c o r r e l a t i o n s  of  the  Darkot Group a r e  of g r e a t  
use, 

Clark, i n  h i s  inves t iga t ions ,  e ince  1948, of the  Hunza Valley, has 
s tud led  t h e  s l a t e s ,  l imestones and q u a r t z i t e s ,  which outcrop t o  . the  north of the  
Karakoram Granodiorite,  He. has  p rov i s iona l ly  named them the  I'Khaibar Se r i e s t t ,  and 
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from t h e  evidence of f o s s i l s  io l lec i ted  from the  Khaibar Eala ,  has  p l aced  i* i n  t h e  Uppep -. 

Carbon5 f erous or  the  Lower Permian. Epoch. "IChaibar SeriesI1 o r  Khatbar Group ( i n  accordance 
with. t h e  s t r a t i g r a p h i c a l  nomenclature used'  i n  t h i s  r e p o r t )  i s  n o t  a s u i t a b l e  name f o r  t h e  
whole Group, as t h e  K h a i b a r s e c t i o n - i s  e x t r e m e l y - f a u l t e d  and, a t  p re sen t ,  t h e  sequence is 
n o t  f u l l y  known, For t h i s  reason  the "Khaibar" was r e  jeo ted  and the  name and type  
s e c t i o n  of t h e  Group was chosen a s  Darkot, Kazmi (1951) examined t h e  more metamorphosed 
p o r t i o n  of t he  Darkot Group between C h a l t a n d  B a l t i t  and p laced  i t  i n  t h e  Pre-Cambrian Era, 
Re gave t h e  name l W s h g a r  Limestones" t o  the: l imestones near  Idisgar on the  r e p o r t  by Clark  
t h a t  f o s s i l s  i n  l imestone had-been found 'f'n t h a t  v i c i n i t y ,  Kazmi was prevented from 
v f s f t f n g  the  a r e a  by bad weather,  The name 'Wishgar Limestones" obviously cannot be used, 

- . .. - .  - - 

The Group crops out  over a l a r g e  a r e a  i n  t h e  no r th  of t he  reg ion  and forms 
two long  b e l t s ,  t r end ing  mer id iana l ly ,  d iv ided  by t h e  Karakoram Granodior i te  and bordered 
t o  t h e  nor th  by t h e  Darkot Pass  Cranodiori te .  

F i e l d  r e l a t i o n s h i p s  of t h e  Darkot Group wfth the. Karakoram Granodiori  t e ,  
Darkot Pass  Granodior i te ,  Yasin Group and Greenatone Complex were examined, Both 
b a t h o l i t h s  have in t ruded  the  Darkot-Croup al though f n  many p l aces  t h e  i n t r u s i v e  n a t u r e  i s  
not  w e l l  marked, b u t  i s  shown only by smal l  g r a n i t e  and qua r t z  v e i n s  p e n e t r a t i n g  a s h o r t  
d i s t a n c e  i n t o  t h e  s l a t e s .  A t  Yasin, +he Darkot Group o v e r l i e s  t he  Yasin Group of Lower 
Cretaceous age - t h e  r e s u l t  of a l a r g e  overfold,  Elsewhere a l o n g  the  southern  c o n t a c t  i t  
i e  overfolded onto t h e  Greenstone Complex, The Darkot Group con ta ins  t h e  o l d e s t  rocks of 
t h e  reg ion ,  a l though i t  f s  g e n e r a l l y  found over ly ing  t h e  younger groups, The marked 
v a r i a t i o n  i n  t h e  l i t h o l o g y - o f  t h e  Darkot Group i s  l a r g e l y  t h e  r e s u l t  of va ry ing  
metamorphic e f f e c t s ,  A gradual  inorease  i n  r e g i o n a l  metamorphism has  been t r a c e d  from 
west t o  e a s t ,  I n  t h e  western p o r t i o n  between Mastuj and the  Yasin Val ley  t h e  sediments  
of t h e  Darkot Group a r e  only-low-grade metamorphics such a s  s l a t e s ,  The l imes tones  
p re sen t  have no t  been converted t o  marbles,  I n  the  Ishkuman Val ley  r e g i o n a l  metamorphism 
i s  h igher ,  and s l a t e s  and some marbles a r e  found, I n  t h e  e a s t  of t h e  region,  i n  t h e  Hunza . 
Val ley  i n  t h e  v i c i n i t y  of Baltit, high-grade metamorphics, t h e  product  of therm-dynamic 
r e g l o n a l  metamorphism, a r e  found, Garnet s t a u r o l i t e  s c h i s t s ,  gne i s se s  and c o a r s e l y  
c r y s t a l l i n e  marbles form the  metamorphosed p o r t i o n  of t h e  Darkot Group, Also, i n  t h i s  
a r e a ,  the  s u s c e p t i b i l i t y  of the  g n e i s s  t o  a magma of approximately s f m i l a r  composition and 
t h e  favourable  a t t i t u d e  of t he  beds t o  t h e  Karakoram Granodfori te  has  l e d  t o  a h ighe r  
degree of con tac t  metamorphism than  found elsewhere a long  the  bo rde r s  of the  Granodior i tes ,  

- 

I n  t he  Yasfn Valley, between Darkot v i l l a g e  and Darkot Pas s9  rocks  of this 
gr~~p..ou~rsrop -P a e t a a c e  of s ix  miles ,  A t  Darkot, a b u t t i n g  t h e  no r the rn  s i d e  of the  
Karakoram Granodiori te ,  a r e  s l a t e  hede  4 t h  some s l a t y  s c h i s t  and q u a r t z i t e ,  
approximately 4,000 f e e t  t h i ck ,  d i p p i n g - s t e e p l y  northwarde, Metamorphism by the  i n t r u d i n g  
b a t h o l i t h  i s  s l i g h t ,  marked only by a n  inc rease  i n  the concen t r a t ion  of qua r t z  v e i n s  near  
t h e  i n t r u s i o n .  Massive c r y s t a l l i n e  1Smestones o v e r l i e  t h e  s l a t e  beds n o r t h  of  Darkot 
v i l l a g e .  The l imestones,  approximately 7,000 f e e t  t h i ck ,  a r e  s l i g h t l y  fo lded  and sheared; 
t h e  average d ip  i s  65' north.  Interbeddad s l a t e s  and l imestones,  which o v g r l i e  t h e  
massive Ifmestones,  a r e  f o s s i l i f e r o u s  near  t he  con tac t ,  These beds d i p  40 no r th ,  and 
t h i s  decrease i n  the  ang le  of d i p  is probably due t o  t h e  d i f f e r e n c e  i n  competency of t h e  

0 
rooks durjlng folding.  IIigher i n  t h e  s e c t i o n ,  t he  d i p  g radua l ly  s teepens  t o  60 - 70°, and 
q u a r t z i t e s  a r e  in te rbedded  wi th  t h e  s l a t e s  and l imestones,  This  po r t ion  of t he  s e c t i o n  has 
a th ickness  of approximately 5,000 f e e t  - the  t op  of t h e  s e c t i o n  be ing  a t  Rawat, The 
measured s e c t i o n  between the no r the rn  edge of t h e  Karakoram Granodior i te  and R a w a t  has  a 
minimum th ickness  of 16,000 f e e t .  

Between Rawat and t h e  con tac t  of t h e  Darkot Pass  Granodior i te ,  f o l d i n g  has  
i n t e r r u p t e d  t h e  r e g u l a r  n o r t h e r l y  dip. The sediments have been metamorphosed t o  b l ack  
mfcaceous s l a t e  and g a r n e t m i c a  s c h i s t ,  with h i g h l y  a l t e r e d  b a s i c  o r  u l t r a - b a s i c  
i n t r u a i v e s .  These rocks form the  oontac t  metamorphic zone of t he  Darkot Pass ~ r a n b d i o r i t e  
and a r e  t he  metamorphic equiva len ts  of sediments which outcrop fmmediately sou th  of Rawat, 

The sequence of  beds i n  the  s e c t i o n  south  of Karakoram Granodior i te  i s  not  
s o  we l l  def ined.  Dark s l a t e s  and q u a r t z i t e s  border  t h e  Granodforf te ,  and this sgquenceg 
with interbedded t h i n  l imestones,  cont inues  t o  Ba rku l t i ,  The d i p  ranges from 60 t o  80 
north-north-west. Immediately south  of Ba rku l t i ,  on t h e  e a s t  s i d e  of t h e  v a l l e y ,  a 
massive l imestone,  app rodmate ly  5;OOO f e e t  t h i c k ,  i s   expose^, Immediately south of t h i s  
l imestone a r e  in te rbedded  s l a t e s  and l imestones which d i p  70 , south,  They a r e  v e r y  
s i m i l a r  i n  appearance and f o s s i l  assemblage t o  t h e  s l a t e s  and l imes tones  which o v e r l i e  
t h e  massive l imestone i n  t h e  Darkot s e c t i o n  a t  Darband, The s o u t h e r l y  d i p  of t h e  beds a t  
r i v e r  l e v e l  i s  only  a l o c a l  r e v e r s a l  and h igher  up t h e  s lope  they  appear  t o  r e v e r t  t o  t h e  
normal nor th  d i p  of t h e  sequence, The success ion  f a r t h e r  down t h e  v a l l e y  i s  s t e e p l y  
d ipping  s l a t e s ,  q u a r t z i t e s  and limestonee, which, between Aesam Bar and Qurkultf Bar,. a r e  
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i n t ruded  by a small  tongue 06 g ran i t e ,  On the  west s i d e  of the  va l l ey ,  south of 
Barkul t i ,  e l a t e s ,  dipping 60 - 70 north-north-west, a r e  t h e  main rook type, with one 
small  i n t r u s i o n  of porphyry. On t h e  nor th  and south s i d e  of Thui Col, massive 
q i ia r tz i tee  a r e  exposed; - far ther  south, massive limestone, s l a t e s  and qua r t z i t ee ,  outcrop 
t o  Naz Bar, wheremthey o v e r l i e  the  Cretaoeous Yasin Group, 

-. - - 
Rocks of t h e  Darkot Group orop out b e h e e n  Bands and Mastuj on t h e  

Shandur Pass-Mastuj road. Between B a d  and Gasht, s l a t e s  a r e  predomfnant, with some 
limestones end qua r t z i t ee ,  b u t  a t  Caeht they a r e  over lafn  by q u a r t z i t e s  and ca lcareous  
conglomerate which outorop t o  Mastuj, On the nor th  s i d e  of the r i v e r ,  opposi te  
Mastuj, black s l a t e s  with eome q u a r t z f t e  bede a r e  exposed, 

i 

I n  the Ishkuman va l l ey ,  t he  outcrops between Haeseis and Bad Swat a r e  
included i n  the  Darkot Group, The main rock types a r e  limeetone, marble, s l a t e  and 
q u a r t i i t e .  The s e c t i o n  showe inc reas ing  e f f e c t s  of metamorphism +awards the  Karakoram 
~ r a n o d i o r i t e  north of I m i t ,  where t h e  rocks a r e  marbles, garnet-mica e c h i s t s  and 
gneisses.  , - 
- -. 

Rocks of the  Croup, whiah outcrop i n  the Hunza Valley, have su f fe red  
more r eg iona l  metamorphism than the  rocks mentioned i n  previous eeet ions.  A gradat ion  
of metamorphism can be t r aced  from the s l i g h t l y  a l t e r e d  s l a t e s  and limestones which 
outcrop near  Darkot, t o  marbles, s c h i s t s  and gnefsses  of the  Hunza Valley. The type 
s e o t i o n  of the  Darkot Group e x h i b i t s  low-grade metamorphism between Rawat and the  
con tac t  of the  Darkot .Pass Granodiorite', Here, dark micaceous s l a t e  and garnet-mica 
s c h i s t  show a s t age  of metamorphism comparable t o  t h a t  of t h e  succession between Chalt  
and Tashot; namely, spo t t ed  s l a t e ,  p h y l l i t e ,  e l a t y  q u a r t z i t e ,  calcareous conglomerates 
and spo t t ed  garnet-mica sch i s t e .  Towards t h e  Karakoram Granodjlorite t h e  grade of 
metamorphism inc reases  and between Tashot and S a r a t  t h e r e  i s  a complex of h igh lx  
metamorphosed sediments cons i s t ing  of garnet-staurolite-mica s c h i s t s ,  s t rong ly  f o l i a t e d  
micaceoua gneiseee and coarse  c r y s t a l l i n e  marbles, A few mi les  t o  the  e a s t  of Sa ra t ,  
t h e  meta-gneisses grade imperceptibly-. i n t o  ':he ortho-gneieses and granodior i tee  of 
the  Karakoram Granodiorite,  , -- 

North of t h i s  ba tho l i th ,  Darkot Group rocks a r e  not  highly.%metamorphosed, 
The rock typee a r e  s i m i l a r  t o  those of the type seot ion ,  bu t  t h e  sequence i s  broken by 
a complex system of f a u l t  s t r u c t u r e s ,  S l a t e s  and l imestones a r e  t h e  main rock types of 
t h e  a rea ,  w i t h  Interbedded q u a r t z i t e e  near  Khaibar. The can tac t  between t h e  b a t h o l i t h  
and s l a t e s  is sharp, and the  i n t r u s i v e  na ture  of the  g ranod io r i t e  is revealed  only by 
small  ve ins  which i n t r u d e  a few yards i n t o  the  s l a t e s .  Near the  oontact ,  t h e  s l a t e e  
d i p  70' south-south-west. They outcrop t o  the bank of Pasu Nala where they are 
f a u l t e d  aga ins t  grey t o  black, massive limestones, S imflar  rock types conkLnue t o  
Khaibar, and i n  the Khaibar Nala, s l a t e s ,  qua r t z i t ee ,  and l imestones a r e  exposed; t h e  
dark s l a t y  l imestones a r e  f o s s i l i f e r o u e ,  To the  e a s t  is the  l a r g e  mass of f a u l t e d  
l imes tones forming t h e  Karun P i r  Mountains, 

F o s s i l s  have been found i n  some of the  beds o f  the Darkot Group, 
Col lec t ions  were made from th ree  l o c a l i t i e s ,  namely, Darband, nor th  of Sandhi,-and 
Khaibar Nala, A pa laeontologica l  r epor t  of these  f o s s i l s  i s  given i n  Appendix B, 
Hayden (1914) co l l ec ted  from the Darband l o c a l i t y  and noted the  occurrence of bryozoans, 
forams, and brachiopods. The f o s s i l i f e r o u s  bede of limestone and a l a t e  outcrop on the  
nor th  s lope of Darband H i l l ,  where they  o v e r l i e  massive c r y s t a l l i n e  limestone, A t  
Chhelish, f o s s i l s  were seen i n  boulders i n  the stream. These had been c a r r i e d  down from 
t h e  westward cont inuat ion  of the  Darband bedso Between Barku l t i  and Sandhi, on the  
e a s t e r n  s i d e  of the Yasin Valley, a s i m i l a r  sequence of beds was examined, where the  
t h i n l y  bedded limeatones and s l a t e s  under l ie ,  bu t  s t r a t i g r a p h f c a l l y  ove r l i e ,  t he  massive 
limestones. Poorly preserved bryozoans, and b r a c h i o p o b  were c o l l e c t e d  from the well- 
bedded sediments, 

Hayden (1914) found a block of limeetone near  Khaibar, i n  the  Hunza 
Valley, t h s t p o s s i b l y  contained forame and he found bryozoans i n  t h e   moraine^ below 
Idisgar. I n  1948 Clark* c o l l e c t e d  f o s s i l s  from Khaibar Bale and Yisgar and i n  1949 
from Shimshal, Theee f o e s i l e  have been examined by the  United S t a t e s  National  Museum, 
bu t  l ists of species  have no t  been published, During the  p resen t  survey, brachiopods, 
oo ra l s ,  bryzoans and forame were co l l ec ted  from a dark s l a t y  limeetone emceed on the 
south side of  Khaibar Nala, about mile weat of the village. 

+ Personal communication 



- - 
The age of the  f o s s i l s  c o l l e c t e d  by Clark wqs given a s  Upper 

Carboniferous o r  Lower Permian by the United S t a t e s  National  Museum, J.M. DickensP 
Bureau of Mineral Resources, a f t e r  a s tudy of the  f o s s i l s  r e c e n t l y  co l l ec ted ,  s t a t e s  
t h a t  a Permian age is  ind ica ted  f o r  t h e  Darband and Khaibar Nala l o c a l i t i e s  and an 
Upper Carbonfferous o r  Permian age f o r  the  Sandhi l o c a l i t y .  Thus t h e  age of the  
Darkot Group may be given a s  Permian with the  p o s s i b i l i t y  of the  lower beds 
extending i n t o  the  Carboniferous, 

Greens tone Complex 

An assemblage of lavas ,  t u f f s ,  agglomerates, meta-gneisees, @ i t z i t e a ,  
l imestones and ca lc - s i l f ca te  rocks whioh c lops  out  i n  a n  almost mer id ianal ly  t rending 
b e l t  between Hanuchal and Hopar, and Roshan and Sor Laepur, is named the  Greenatone 
Complex. It inc ludes  the-metamorphic succession south of C i l g i t  and many b a s i c  
xeno l i ths  i n  the  Ladakh Granodiorite,  This u n i t  has  been c a l l e d  a Complex because 
the re  i s  no c e r t a i n t y  of t h e  con t inu i ty  of volcanic  a c t f v i t y  o r  sedimentation; 'The 
f i e l d  term "Greens tone" h a ~ l  been used a s  it descr ibes  the  broader c h a r a c t e r i s  t ic t i - 'o f  
t h e  colour  and 1i thology.of  the  Complex, I n  accordance with the  code of Nomenclature 
adopted t h i s  Complex should have been given a 1ocal i ty .name b u t  because of t h e  . . 

v a r i a t i o n  i n  l i t ho logy  and the  l ack  of a s u i t a b l e  l o c a l i t y  name, the  term "Greenstonew 
i s  usedo 
i 

Hayden (1914) was t h e  f i r s t  geo log i s t  t o  descr ibe  volcanics  i n  t h i s  
region,  W h i l s t  t r a v e r s i n g  from C h i t r a l  t o  the  Pamfr Plateau,  he  recorded volcanics  - - 
from Yasin t o  Gupis, He suggested t h a t  they  a r e  s i m i l a r  t o  t h e  P a n j a l  Trap of 
Kashmir, but s t r e s s e d  t h a t  the  c o r r e l a t i o n  i s  only t en ta t ive .  Between NomaP and Chalt  
he not iced  "metamorphosed traps1 '  a s soc ia t ed  with gneisses ,  but  he d id  no t  c o r r e l a t e  the  
former with t h e  rocks of the  Yasin - Gupis sec t ion .  He inc ludes  the  "Traps" i n  h i s  
"Metamorphic Rocks", I n  1951, Kazmi mapped a s i m i l a r  a rea  of rocks t o  those  described 
by Hayden i n  the  Yasin-Gupis a rea ,  b u t  h i s  r e s u l t s  a r e  not  y e t  published, He recorded 
a s e c t i o n  of "@eisses and s c h i s t s t 1  from Chalt  t o  J u t a l ,  Clark* has recognized an  
a r e a  of "greenstones, s e rpen t ine  and chlorf te-epidote echf s t e"  between Gwach and Chalt, 

The d iscuss ion  of t h e  l i t h o l o g y  of t h e  Greenstone Complex f a l l s  n a t u r a l l y  
under the  headings of ind iv idua l  t raverses .  These t r a v e r s e s  a r e  a s  follows:- Haringal 
Shal  t o  Galinga, Yasin t o  Gupis, ~ i l p i  t o  Hasseiep .Gflgft  t o  Chalt ,  G i l g i t  t o  Sor Lasptir 
and o the r  shor,t7-travi)raea. The G i l g f t  t o  Sor Laspur sec t ion  i s  not  continuous a s  i t  i e  
i n t e r r u p t e d  bj. t h e  Ladakh Granodiori te  and Darkot Group between Ropar and Roshan ( p l a t e s  
2 and 8), Wo type a r e a  has been s e l e c t e d  vrithin t h f s  Complex, and c o r r e l a t i o n  of 
ind iv idua l  t r a v e r s e s  i s  based s o l e l y  on l i t h o l o g i c a l  s f m i l a f i t y e  

A t  Yasin, the  Cretaceoue rocks of the Yasin Croup have been overfolded 
onto t h e  Gpeenstone Complex, A t  Chalt and Um Batum the  Darkot Group has been overfolded 
onto t h e  Complex, A f a u l t  e x i s t s  along t h i s  contac t  and d ips  nor th  a t  a moderate angle, 
The Ladakh Granodiori te  i n t r u d e s  t h e  Complex i n  many p laces ,  

The most r e p r e s e n t a t i v e . s e e t i o n  i n  t h e  Complex has  been mappw from t h e  
con tac t  of t h e  Darkot Group, a mile  south of Haringal Shal  t o  the  Ladakh G ~ a n o d i o r i t e ,  a 
mile north of Galinga, One mile south of Haringal Shal,  t he  succession c o n s i s t s  p f  
interbed.ded green and g r e y  q u a r t z i t e  and s l i g h t l y  metamorphosed limestone which d i p  
south  a t  a moderate angle, These rock types continue t o  Donjo Shal  where they a r e  
i n t e r c a l a t e d  with bands of fine-grained b a s a l t ,  From Donjo Shal  t o  Zi lk ino  t h e r e  i e  a 
t r a n s i t i o n  t o  b a s a l t i c  lavas  i n t e r l a y e r e d  wi th  banded tuffs* bedded quar tzf%es  and 
che r t s .  The I.ava flows inorease  i n  the  v l c i n i t y  of Bapo Se r  where they become the  
dominant rock type, Amygdaloidal and ves icu la r ,  f f n e  and medium gra ined b a s a l t s  8,  
f e l spa th ived  b a s a l t s ,  and andes i t e s  wi th  a few beds of g r o s s u l a r i t e  c a l c - s i l i c a t e  rock, 
a r e  t h e  main members. This  succession has been p a r t l y  a l t e r e d  by epid .o t fsa t ion  and 
se rpen t in i sa t ion .  

These rock types p e r s i s t  t o  4 mile south of Gas i t  Gol, where the re  a r e  
a l s o  pa lagoni te  agglomerate and ep ido t i sed  agglomerate. From Gasi t  Go1 t o  the  contac t  
with i n t r u s i v e  granodfor i te  a t  Bahushtaro Olat ,  the rocks a r e  mainly agglomerates, 
F'ragmenta i n  the agglomerates a r e  andes i te ,  r e d  and grey che r t ,  tuff, aphan i t lo  b a s a l t  
and f i n e  t o  coarse ly  c r y s t a l l i n e  marble, I n  places,  v e s i c u l a r  lava fragments were 
found i n  t h e  scree.  The s e c t i o n  i s  in t ruded by a tongue of granodior i te ,  one mile 
wide, a t  Bahushtaro Olat, From t h e  south s i d e  of the  oontact  wi th  t h e  g ranod io r i t e  t o  

mile  nor th  of Shamran, the  rocks a r e  mainly f i n e  and medium-grained b a s a l t s ;  then  
fine-grained t u f f s ,  agglomeratfc t u f f e  and conglomerate with pebbles of andes i t e ,  b a s a l t  
and f o s s i l i f e r o u s  limestone ( p l a t e  7, Fig, 2) ,  The f o s s i l s  a r e  fragmentary and have n o t  
been i d e n t i f i e d .  Four miles  south  of Shamran t h e  Greenstone Complex is  i n  contac t  wi th  
the  Ladakh Granodi o r i  t e e  

+ Personal  communication. flf Some of t h e s e  b a s a l t s  e x h i b i t  p i l low s t r u c t u r e s .  



- - 
The succession from Chalt t o  Gf fg i t  i s  in t e r rup ted ,  i n  many p laces ,  

'by g ranod io r i t e  i n t r u s i o n s ,  A mile  south-west of Chalt,  massive serpent in ieed  
d o l e r i t e s  and b a s a l t s  a r e  i n t e r c a l a t e d  ~15 th  epidote-chlor i te  s o h i a t  and l a y e r s  of 
eeywacke and qua r t z i t e .  This l i t h o l o g y  continues t o  t h r e e  mi les  eouth of Chalt,  
where massive d o l e r i t e  a b r u p t l y  g ives  way t o  banded q u a r t z i t e  and greywacke, which 
crop  out f o r  two mi les  and dip  eouth 65 , Near Gmach, the q u a r t z i t e  and greywacke a r e  
i n t e r l a y e r e d  with d o l e r i t e  and se rpen t in i sed  p i l low lavas  conta in ing  ve ins  of epidote.  
Near Bomal these  rocks a r e  replaced by i n t r u s i v e  granodior i te ,  On the weatern s i d e  of 
the  Hunaa River, opposi te  J u t a l  Vil lage,  a narrow b e l t  CJ:' rocks of the  Greenstone 
Complex i s  expoeed between i n t r u e i v e  g ranod io r i t e  and met-gneiss. Talc s c h i s t ,  
quartz-mica s c h i s t  and se rpen t in i sed  hornblende-biot i te  s c h i s t  a r e  over lafn  conformably 
6y marble, There i s  a l i t h o l o g i c a l  s i m i l a r i t y  between the rocks of t h i s  s e c t i o n  and 
those  described between Haringal Shal and Galinga, even though the rocks of the former 
s e c t i o n  have been more h igh ly  metamorphosed by i n t r u s i v e  tongues from the Ladakh 
Granodiori t e ,  

0 
One mile south of G i l g i t ,  a r e  80 south-dipping s l a t y  qua r t z i t e ,  banded 

q u a r t z i t e  and marble, in t ruded by apophyses of granodior i te ,  These metamorphica have 
been inaluded i n  the Greenstone Complex because, 4 mi les  north-west of Barmas Gah, 
they  a r e  interbedded w i t h  c h ' a r a c t e r i s t i c  membere of the  Complex, 

The s e c t i o n  from C i l & t  -to SOP Laspurg exclusive of sediments of the  
Darkot Group and the  Ladakh Granodiori te  between Hopar and Roahan, has been included 
i n  the  Greenstone Complex, From G i l g i t  t o  Heneal Kafn, the  rocks a r e  q u a r t z i t e s ,  
p e y  ~ c h i s t s ,  banded c h e r t s  with epidot ieed  p i l low lavae,  Weetwards, the succession 
shows l i t t l e  v a r i a t i o n  except a gradual  inc rease  i n  t h e  quan t i ty  of  bas i c  lavas,  From 
Burbur t o  Hopar, b a s a l t s ,  t u f f s ,  q u a r t z i t e s ,  and agglomerates9 which conta in  rounded 
p ieces  of marble ( p l a t e  1, f i g ,  2), a r e  the  main rock types, A t  S i l p i ,  the  volcanics  
a r e  the most prominent members and the re ,  t u f f e  and b a e a l t s ,  s e rpen t in i sed  and 
epfdot i sed  i n  p laces ,  crop out,  Near Saralokhutu, t he re  i s  an  extensive mass of f ine-  
t o  coarse-grained o l i v i n e  b a s a l t s ,  andes i t e s ,  agglomeratee and tuffaceous beds, The 
agglomerates a r e  s i m i l a r  t o  those nea r  Hopar, The sucoession, in t ruded i n  many p laces  
by granodior i te ,  continues t o  Sor Laspur, where some bas ic  gneisses  occur, The rooks 
of t h i s  sec t ion  provide a l i n k  between the rocks  described from Haringal Shal t o  
Galinga and Chalt t o  G i l g i t ,  

Wadia (1938 ) ' has shown t h a t  volcanic  rocks-ref e r r ed  t o  a s  "Pun j a l  Traps " . 
s i m i l a r  i n  l i t h o l o g y  t o  those described f n  t h i s  r epor t ,  occur i n  north-west Kaehmir 
and Hazara D i s t r i c t ,  They a r e  regarded a s  Upper Carboniferous t o  Upper T r i a s e i c  age 
i n  some placeso  whereas i n  o the r  p laces  they a r e  not  recorded i n  systems younger than 
Permian, A t  Chalt,  l avas  a r e  found i n  the  upper por t ion  of t h e  Darkot Group, and i t  
i s  suggested t h a t  these  volcanic  rocks marked the  in t roduc t ion  of a period of 
vu lcan ic i ty ,  which l e d  t o  the  formation of the Greenstone Complex, 

 asi in Group 

The volcanic  s u i t e  of l avaso  t u f f e  and agglomerates, conta in ing  l e n s e s  
and beds of f o s s i l i f e r o u s ,  maeeive and sha ly  limestones, and eome sandstones, of 
Cretaceous age, which outcrops i n  t h e  h i l l s  t o  the  e a s t  and west of Yasin v i l l a g e ,  
has been named the  Yasin Group, A more appropr ia te  name might have been the  Yasfn 
Volcanics, t h a t  is, a formational name, bu t  p a s t  workers have regarded t h i s  u n i t  a s  
mainly a sedimentary one s o  t h a t  the  term 'lvolcanics" ,may l ead  t o  confusion. Also, 
~ 5 t h  more d e t a i l e d  f i e l d  work, t h i s  Group may be divided i n t o  two formatione - one 
volcanic,  and one sedimentary, Hayden (1914) examined the  Group i n  the c l i f f s  west 
of Yasin Rest  House and described crushed and indura ted  sandstones with t h i n  beds of 
f o s s i l i f e r o u a  sha ly  limestone and conglomerate, uaconformably overlying a g r e a t  mass 
of "trapt1. He d id  no t  record the  presence of favas  and regarded the  t u f f s  a s  indura ted  
sandstones, Kazmi (1951) examined the  rocks of t h i s  a rea  bu t  a t  t he  time of w r i t i n g  
had not aanpleted h i e  repor t ,  

A t  Yaain, the Group extends a s  a narrow b e l t 9  approdmate ly  a mile wide, 
which has been t.raced f o r  two o r  three  miles  each s i d e  of the  va l l ey ,  L i t t l e  i s  known 
of i t s  extension, A t  Garotian Shal,  on the t r a c k  t o  Chumarkhan Passp a sequence of 
t u f f e ,  agglomera tea,  qua r t e i  t ea ,  conglomerates and limes tones was examined and has  
been included i n  t h i s  Group, No f o s s i l s  were found f n  s i h ,  No other  outcrops of t h e  
Group were seen although o the r  small  i s o l a t e d  outcrops may occur along the  con tac t  of 
t h e  Darkot Group and t h e  Greenstone Complex. 



The Yasin Group has  been overfolded wi th  the Darkot Group and now- 
r e s t s  on the  Greenstone Complex t o  the  south,  and, t o  the  north,  t h e  r e l a t i o n s h i p  of 
t h i s  Group t o  t h e  Darkot Croup appears  t o  be disconformable, with the Yasin Group 
underlying the  Darkot Group, 

. .. .. 

The sec t ion ,  wegt of the Yaein Rest House, exposes approximately 
2,000 f e e t  of rocks dipping 6 5  No These beds a r e  charac ter fs t . ica l1y  oo lowed  red.and 
green and cone i s t  of massive and s h a l y  limestones, s l a t e s ,  t r a c h y t i o  a n d . r h y o l i t i c  
t u f f s ,  t r a c h y t i c  agglomern.tes and t h i n  flows of t raohyte  and o l i v i n e  b a s a l t ,  The 
t u f f s  and t r achy te  a r e  oharac ter iaed  by fragments and phenocrysts of sanid ine ,  -Beds 
with a  s i m i l a r  l i t h o l o g y  and which d i p  a teeply ' r ior th  a r e  exposed i n  t h e  c l i f f s  t o  
the  e a s t . o f  t h e  Beet House, Fa r the r  e a s t ,  south of thg v i l l a g e  of Gho ja l t i ,  t h e -  
sequence i s  reversed and the beds d i p  approximately 30 eouYd, Here, the  s t e e p l y  - 
dipping beas a r e  apparent ly  overturned oming t o  h i l l  creep, g ivfng a l o c a l  r e v e r s a l  
of s e c t t o n  and a sou the r ly  dip,  ,This r e v e r s a l  i s  no t  of major importance. The 
limestones of t h e  Group a r e  h igh ly  f o s s i l i f e r o u s  and conta in  gastropods, . - 
lamell ibranchs,  co ra l s ,  and forams, R,  Brunnschweiller has examfned t h e  f o s s i l s  
c o l l e c t e d  from the c l i f f s  west o f  Yasin Rest  House and he a s s igns  a  Lower Cretaceous 

. .. 
age t o  the  assemblage. The limestones were depos i t ed ,ae  a  l i t t o r a l  f a c f e s  of the  
Cretaceous ep icon t inen ta l  bas in  during a per iod  of v u l c a n i c i t y  which in ter rup3ed the -  
depos i t ion  by e j e c t i o n s  of t u f f s ,  agglomerates and t h i n  l ava  flows, 

Granodi or1 t e  Bathol i  t h s  
, . 

Three para l le l - tending g ranod io r i t e  b a t h o l i t h s  have been mapped i n  
t h e  region,  These a r e  named Karakoram, Darkot Pass and Ladakh Granodfor.ites, 

The Karakoram Granodiori te  forms t h e  Karakoram Range i n  ~ u n & a  S t a t e  
and has been t r aced  west t o  i t s  terminat ion near  Mastuj i n  C h i t r a l  S t a t e ,  North of 
t h i s  i n € r u s i o n , ~ ~ a n d  separa ted  by a b e l t  of sedimentary rocks,  i s  the 'Darkot  Pass 
Granodiori te ,  formfng a prominent, unnamed range e a s t  and west of Darkot Pass. The 
exact  bound.aries of t h i s  Ba tho l i th  a r e  unknowri but  i t  probably continues e a s t  t o  l i n k  
with- the repor ted  g r a n i t i c  rocks nea r  Misgar (nayden 1914)~ The Ladakh Granodior i te -  
forms a l a r g e  a rea  of g ranod io r i t e  i n t r u s i o n s  i n  the  mountainous b e l t ,  which i n c l u d e s .  
t he  ~ a d a k h  Range, south  of the  G i l g i t  River,  This Bathol f th  extends beyond t h e  l i m i t s  
of t h e  region, 

The dominant rock type of each of the  ba tho l i tha  i s  a p a l e  grey, 
medium-grained b i o t i t e  granodior i te ,  Granites  occur l o c a l l y  a s  d i f f e r e n t i a t e s ,  The 
marginal f a c f e s  of the  i n t r u s i o n s  a r e  gene ra l ly  f o l i a t e d  and more v e r i a b l e  i n  
composition, and a r e  cha rac te r i eed  by an inc rease  i n  the  mafic contents ,  The 
c o n t a c t s  a r e  usua l ly  sharp w5th;an absence of any notable a l t e r a t i o n  of t h e  country 
rock, The formation of hybrid d i o r i t e s  and r e l a t e d  hornblendic rocks by assimilat j lon 
of bas fc  country rock mas obse+ed i n  the  north-eastern por t ion  of the  Ladakh 
Granodf orf t e ,  

Previous i n v e s t i g a t o r s  were unce r t a in  of the  age of t h e  fgnec.~.;a rocks, 
Wadia (1932) reoogriised th ree  sepa ra te  periods of i n t r u s i o n  i n  t h e  v i c i n i t y  of Gfl@%p 
namely post-Lower Carnb~i an, posGCarbon5f erousp and pos tPe rmian  ages o Kazmi (1951) 
sugges ts  t h a t  "hornblende g ran i t e sg '  near  G i l g i t  a r e  of Late Falaeozoie age, 

In  v5ew of s i m i l a r  compos i t~on  and genera l  c h a r a c t e r i s t i c s  of the  t h r e e  
granodiorf te  ba tho l i ths ,  t h e i r  common alignment,  and t h e  presence of small  bosses of 
s i m i l a r  rocks oocurring a t  i n t e r v a l s  between them, they  a r e  regarded a s  be ing  derived 
from a s i n g l e  magmatic chamber. Each b a t h o l i t h  in t rudes  Upper Palaeozoic eedimente of 
the  Darkot Group, and, i n  add i t ion ,  t h e  Ladakh Granodiori te  i n t e r s e c t s  volcanic  rocks 
of t h e  Greenstone Complex which a r e  post-Carboniferous i n  age. The d i r e c t  r e l a t i o n  of 
the  p a n o d i o r i t e s  and the  Cretaceous rocks of the  Yasin Group 5 s  not  ev ident  a s  these  
rocks a r e  not  i n  contact .  The Yasin and narkot  Groups, however, a r e  sympathet ica l ly  
fo lded,  and t h e  Karakoram Bathol i th  in t rudes  a n  overfold i n  the  l a t t e r ,  S t r u c t u r a l  
cons idera t ions  thus i n d i c a t e  a  post-Cretaceous age f o r  the  b a t h o l i t h s ,  and they a r e  
considered t o  have been emplaced during the  genera l  period of the  Himalayan Mountain 
bu i ld ing  which ' ex i s t ed  i n  T e r t i a r y  time, 

Ladakh Granodiori t e  

The l a r g e  a rea  of g ranodfo i i t e s  and r e l a t e d  a c i d  i n t r u s i v e  rocks i n  
the southern por t ion  of t h e  . region  has' been designated the  Ladakh Granodfori te  aB 
these  rocks c o n s t i t u t e  the  Ladakh Range, south-east of Gi lg f t .  Por t ions  o f  the  
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b a t h o l i t h  have been described by e a r l f e r  workers, The f n t m s i o n s  i n  t h e  ~ i c i n f t y  of 
O i l g f t  were mapped by Wadia (1932)~ and i n  the same a rea  Kazmf (1951) has r e f e r r e d  t o  
a b a t h o l i t h  of "hornblende g r a n i t e "  exposed between NomaP and Gi lg i  t i n  the Hunza 
River Valley, 

.. - - 
The northern boundary of the. Ladakh Granodiorf te  has been de l inea ted  

'tiut t he  southern por t ion  i s  beyond the  region, The b a t h o l i t h  oscupies a wfde b e l t  of 
mounta3ns t e r r a i n ,  south of the  C i l g f t  and Ghizar Rivers, Traverses have shorn t h a t  
t h e  'fnti-usf on i s a t  l e a s t  20 miles  i n  wfdth and probably much wider, Extensive a r e a s  
. .. 
o f ~ s i m i l a r  rooks i n  the Raramosh D f , s t r i c t . a n d  i n  the  lower Hunza River v a l l e y  a r e  
regarded a s  out ly ing  por t ions  of the  one ba tho l f th ,  Small bosses e f ' i gn3ous  rocks, 
seen  nor th  of the main a r e a  of outsrop, a s  f o r  example those  of Nezbar An, 
Bahushtaro Ola t  and Barkhai, a r e  a l s o  inc luded a e  p a r t  of the Ladakh Granodforfte, 

Traverses up Gupis Gah, Baro Gah and B a l t i  Go1 showed , t h a t  the  main 
mass of the  b a t h o l i t h  cons i s t s  of a pa le  grey, medium-grained b i o t i t e  granodior i te ,  
conta in ing  phenocrysts of sodfc p lagioc lase ,  I n  eome areps ,  t h e  granodiorf te  merges 
i n t o  g r a n i t e  but  such v a r i a t i o n s  a r e  not  common, The marginal zones of the  f n t r u s i o n  
a r e  charaoter i sed 'by '  f o l i a t i o n  and v a r i a t i o n  i n  grain-size and composition of the  
granodfor i te ,  Metamorphis e f f e c t s  i n  the  c0u.ntr-y rock a r e  normally a t  a minimum but a 
more mafic contact-facies  of t h e  g ranod io r i t e  i s  of wideepread oocurrence, The 
con tac t  of the  i n t r u s i o n  wtth rocks of the  Greenstone Complex a t  S ingal  Gah, f o r  
example, i s .  sharply  deff ned w5 thout  conspiouous metamorphism of the  f ntruded rocks. 
The marginal f a c i e s  of the  i n t r u s i o n  f s a dark-coloured horn'Dlende df o r f t e  which 
changes g rada t iona l ly  i n t o  the normal pa le  grey granodiorf te  i n  a zone of 
approdmate ly  h a l f  a mile, Xenoli ths of voloanfcs wf.eBfn.the d i o r i t e  have angular  
o u t l i n e s  i n d i c a t i n g  t h a t  hybr id i sa t ion  was fns fgn i f f can t ,  

E f fec t s  of metamorphfsm and a s s i m i l a t i o n  were seen i n  the north-eastern 
por t ion  of the  ba tho l i th ,  where a w5de v a r i e t y  of metarnorphfcs and hybrfd types have 
been produoed by reac t ions  with t h e  volcanio country rock, This a p p l i e s  p a r t i c u l a r l y  
t o  the  rocke exposed i n  the G i l g i t  and'Indus Rfver v a l l e y s  between Hanuchal and P a r r i .  
Here, t he  granodiori%e is  r i c h e r  i n  mafie minerals  and f a  a s soc ia t ed  wi th  a complex 
assortment of hybrfd d f o r f t e s  -and s p e n i t e s p  and inc ludes  i r r e g u l a r  masses of horn- 
b l end i t e ,  derived from the  metamorphism of bas fc  xenol f ths ,  A f e a t u r e  of the  complex 
i n  t h i  s a rea  is the  presenoe of numerous ve ins  of a c i d  f n t rusf  ves with unusual ly 
r e g u l a r  orf e n t a t i s n  a e  a r u l e ,  s t r i k i n g '  north-east and dippf ng north-west a t  low 
angles,  Thfs phenomenon has  been described by Wadia (1932) a s  g ivfng a misleading 
appearance of s t r a t ' i f i c a t f o n  t o  the  south-eastern extension of the  c m p l e x  near  Bunji. 

Wadia (1932) concludes from h i s  i n v e s t i g a t f  one f n t h i s  a r e a  t h a t  t h e r e  
were t h r e e  separa te  per iods  of i n t r u s i o n ,  He reeognised an o lde r  group of g n e i e s i c  
g r a n i t e s  r e f e r r e d  t o  a s  the  Himalayan "Central Gneissup l a t e r  d o l e r i t e ,  gabbro and 
pyroxenite;  and s t i l l  younger hornblende g ran i t e s ,  He recorde t h a t  the  hornblende 
g r a n i t e s  i n t r u d e  ash beds and lava  shee t s  of the  lsPermian Pan ja l  Trap Serfes",  The 
terms "gneiss ic  g ran i t e s"  and "hornblende g r a n i t e s "  used by Wadia, no doubt, r e f e r  t o  
rocks t h a t  have been determfned a s  g ranod io r i t e s  and d i o r i t e a  during the  p resen t  
inves t iga t ion ,  The Ladakh Granodforite fntrudetll Upper Palaeozeic sediments of t h e  
Darkot Croup between Hopar and Yangal f n  the  G f l g i t  Val ley  and i n t r u d e s  voloanios of 
t h e  Greenstone Complex i n  a11 o the r  a r e a s  where oontaote were observed. 

Karakoram Cranodf o r i  t e  

The Karakoram Granodforfte i s  the  name given t o  the long b e l t  of 
g ranodfo r t t e  whieh has been t r aced  from nor th  of BaPt i t ,  i n  Hunza S t a t e  - where i t  
forms t h e  Karakoram Range - t o  nea r  Mastuj i n  ChftraP S t a t e ,  The t e r n ,  Karakoram 
Bathol i  t h ,  was f f r s t  used by Clark* i n  1949 and l a t e r  by ~ a z m i g  (1951) f o r  t h e  igneous 
rocks which form the Karakoram Range i n  Hunza, I n  t h i s  r e p o r t  t he  name i s  extended t o  
f nclude the  e n t i r e  length  . of the  ba thol f  tho  

Personal communication, 

$8 RBzmi (1951) I n  h i s  Seotion onThysiography and Topographis 
Forms" mentions t h e  Karako~am Range and suggest0 t h a t  i ts  
core may be composed of g r a n i t i c  rocke which he des ignates  
the  'iKarakorarn Ba thol f  th", 



14. 
I n  t h e  Hunza Valley, t h e  Karakoram Granodf o r i  t e  -has  a widtli of - - 

approdmate ly  s i x  miles where i t  outcrops between S a r a t  a n d - S e o n i ;  To the  west; f t '  
fol lows the  r eg iona l  t rend across  the  Headwaters of the  Ishkrittisn B i v e ~ ,  and agafn out- 
crops f o r  s wfdth of approximately s i x  miles  between Darkot and Umalsit, i n  the  Yaein 
River  Valley. Towards Nastuj,  t he  t rend changes t o  south-west and t h e  width of the  
b a t h o l i t h  decreases,  

The main rock type i n  the  Hunza River seo t ion  of  the  b a t h o l i t h  i s  a 
pa le  medium-grained b i o t i t e  granodior i te ,  conta in ing  p o r p h y r i t i c  p l ag ioc lase  c r y s t a l s ,  
and is devoid of an? d i r e c t i o n a l  s t ruc tu re .  The southern marginal por t ion  of t h e  - 

b a t h o l i t h  near  S a r a t  i s  comprfeed of in t ima te ly  r e l a t e d  pa le  grey, b i o t i t e  g ranod io r i t e  
and darker  hornblende-biotite granodior i te ,  both of f i n e  t o  medium g r a i n  and s l i g h t l y  
gne i s s i c .  Thjs zone i s  cha rac te r i sed  by an abundanoe of pegmsti tes  of r e g u l a r  
o r i en ta t ion ,  s t r i k i n g  s l i g h t l y  nor th  of e a s t  and dipping nor th  a t  low anglee, S imi la r  
rocks a r e  exposed i n  the  Yasin Valley. The southeril margin of the  b a t h o l i t h  a t  t h i s  
p lace  i s  porphyr i t i c  granodior i te ,  which gradual ly  changes to - -gne i s s i c  g ranod io r i t e  
towards the nor thern  margin. 

The Karakoram Granodiori,te in t rudes  a n  ove r fo ld  i n  Upper Palaeozoic 
sediments of the  Darkot Group, The southern limb of the  f o l d  i n  t h e  Hunza River ' 

v a l l e y  i s  i n t e n s e l y  metamorphosed, and the  boundary of the  g r a n i t e  i s  t r a n s i t i o n a l ,  
with numerous apophyses of g ranod io r i t e  i n t r u d i n g  meta-sedimentary gneieses,  The- 
nor thern  con tas t  of the  i n t r u s i o n  i s  qu i t e  sharp wi th  a  pauoi ty  of minor-apophyees 
and an  absence of any notable con tac t  metamorphism. 

I 

~ a r ~ o t  Pass Granodi orf t e  
. . 

The name, Darkot Pass Granodiori t e ,  i s  given t o  t h e  porphyri t f  c  
granodfor l tes  and gneisses  which outcrop i n  t h e  range extending westwards from the  
source of Chiantar  Glacier ,  t o  form the  d iv ide  between the  Yasin and Yarkhun Rivers,  
Darkot Pass i s  t h e  only well-known l o o a l i t y  i n  t h i s  unnamed range, 

L i t ' t l e  i s  known of the  exaot d i s t r i b u t i o n  of rocks of thf a Bathol i  t h o  
.The contae t  of po rphyr i t i c  g ranod io r i t e s  wi th  sediments of the  Darkot Group i s  two 
mi les  nor th  of Rawat above t h e  Thermal Spring, The southern boundary can be  t raoed.  
f o r  many miles  t o  the  e a s t  and w e s t o f t h i e  p l ace  a s  it forms the  sca rp  a t  t h e  edge 
of 'high country, The northern boundary i s  unknown but  probably occurs between Darkot 
Pass and %he Yarkhun River. 

The ba t l io l i th  t r ends  p a r a l l e l  t o  the  Karakoram b a t h o l i t h  and .probably 
f s  connec.ted t o  the  g r a n i t i c  rooks reported by Hagden (1914) t o  occur a  few miles  
nor th  of Wsgar  f n  the  Hunza Valley, More f i e l d  work is needed before  the  Darkot 
P a s s . b a t h o l f t h  can be adequately described,  

i l l uv ia l ,  I l l u v i a l  and Glac ia l  Deposits 

Small tinconsolidated depos i t s  of a l l u v i a l ,  i l luTsial  and gPai.5~: orig5n 
occur throughout the  region,  These i r r e g u l a r  depos i t s  have not been mapped o r  s tud ied  
i n  d e t a i l ,  Remnants of high and low-level t e r r a c e s  e x i s t  a long t h e  v a l l e y  s i d e s  and 
more recent  gravel  and boulder beds occur a long the  r i v e r s .  Large i l l u p i a l  s c rees ,  a t  
t h e i r  maximum angle  of r e s t ,  have formed on the  s t e e p e r  s lopes  and now cover extens ive  
areas .  Numerous terminal ,  l a t e r a l  and medial moraines and g l a c i a l  l ake  depos i t6  a r e  
found throughout t h e  region  although, a t  t he  p resen t  time, g l a c i a l  depos i t fon  i s  
confined t o  the  higher  a l t i t u d e s .  These s u p e r f i c i a l  depos i t s  were formed a t  d i f f e r e n t  
t imes s i n c e  t h e  conclueion of t h e  main f o l d i n g  movements, 

S t r u c t u r a l  Geology 

The a x i s  of Wadiaqs S y n t a d a l  Bend* may be extended t o  the  north-west 
po r t ion  of t h e .  ~ i l g i t  Agency, though i n  t h i s  region  the  a rch ing  of the  t rends  i s  l e s s  
abrupt  than the strike-changes i n  the  Murree-Abbottobad a rea ,  The-genera l  d i r e c t i o n  
of t r end  ( p l a t e  1) gradual ly  changes from west-north-west a t  Hunaa, t o  west between 6 

+ Wadia (1931) repor ted  t h a t  the main s t r u c t u r a l  u n i t  i n  t h e  Murree-Abbottobad 
a pronounced bend o r  f l exure  of the  beds around a north-south 
s s t r u c t u r a l  u n i t  he appl ied  t h e  name Syntaxia l  Bend, 



Imit and Darkot, then  t o  west-south-west, and f i n a l l y  t o  swth-west i n  the  Mastuj a rea ,  
T h e c o n t a c t s  of the  Darkot Group wi th  Karakoram and Darkot Paas b a t h o l i t h s  fo l low t h i s  
. . 
r e g % o i m l ' e t r i k e  very  closely.  The southern b o b d a r y  of t h e  Darkot Group, owing t o  
marked-overthrust ing,  pro t rudes  south  i n  the  v i c i n i t y  of t h e  axis of the  a r e  and 
i n t e r n i p t s  the  oon t inu i ty  of t h e  rocks of t h e  Greenstone Complex. Small o u t l i e r e  of  
the '  Yasin- Group t rend p a r a l l e l  t o  t h e  main regional  s t r i k e ,  The nor th  contac t  of the  
Ladakh b a t h o l i t h  i s  conformable wi th  e s t ab l i shed  trends,  

. .  . 
The d i r e c t i o n  of regional  d ip  of t h e  beds is  away from the  focus of the  

a r c :  north-east i n  the  Hunza area ,  nor th  between Imft  and Darkot, and north-west from 
Darko t - to  Mastuj. Angles of d ip  range-from moderate t o  s teep ,  There a r e  many minor 
r e v e r s a l s  i n  t h e  smthe rn -cen t ra l  p a r t  of the  r e e o n  nea r  Chathorkand, 

.- . 
The p a t t e r n  of reg5onal fo ld ing  i s  bea t  seen i n  the  Yaein Valley, where 

t h e  Darkot and Yasin Croup have been overfolded i n t o  the  Greenstone Complex, The 
overfold i s  shown,- f i r s t l y  a t  f a s i n ,  by beds of Lower Cretaceous Yasin Group which dip  

.nor th ,  and appear t o  underly the.north-dipping beds of the  Upper Palaeozoic Darkot 
Group;. secondly, t he re  is a marked s i m i l a r i t y  i n  th6 l i t h o l o g i c a l  sequence of t h e  
Darkot Group, nor th  and south of the Karakoram Qranodior i te  - a massive limeatone 
se rves  a s  a  marker-horizon and has  been recognised on both s i d e s  of the ba tho l i th ,  I n  
t h e  southern sec t ion ,  the marker bed i s  under lafn  by fnterbedded, f o s e i l i f e r o u s  lime- 
storiea and s l a t e s .  A t  Darband, no r th  of the  Karakoram Granodiori te ,  fnterbedded 
f o s s i l i f e r o u s  limestones and e l a t e s  o v e r l i e  the  limestone bed. A s i m i l a r  foss i .1  
assemblage was oo l l ec ted  from 'both members, The a x i s  of the  f o l d  may be extended t o  
t h e  Hunza area. The a x i a l  plane of the overfold,  i n  the Yasin Valley, d ips  a t  a  
moderate angle  t o  the  north. Sect ion  B-B -B2 ( p l a t e  8)  shows the  i n t e r e s t i n g  p a t t e r n  
of fo ld ing  of Darkot Group rock i n  t h e  Is & m a n  va l l ey ,  There, i t  i s  probable that 
the  main f o l d  is  more symmetrical and t h a t . t h e  a x i a l  plane i s  v e r t i c a l ,  The compact 
southern limb ( sec t ion  *-A1 P l a t e  8) of the  overfold observed i n  t h e  Yasin Valley, has  
given way t o  a  s t rong ly  crenula ted  limb which hae overridden the  s t r a t ig raph ic l a l ly  
younger G r e ~ n s t o n e  Complex, S u c h  minor f o l d s  have upr ight  a x i a l  planee whioh range i n  
d i p  from 70 N t o  70°s, 

The nor thern  o r  upper limb of t h i s  f o l d  is no t  g r e a t l y  a f f e c t e d  by 
t e c t o n i c  movements, whereas the  southern or  lower limb, which has been t h r u s t  aga ine t  
and over the  r e s i s t a n t  volcanios of t h e  Greenstone Complex, i s  h igh ly  fo lded and 
fau l t ed .  

Major t h r u s t  f a u l t s ,  s t r i k i n g  eaet-west and dfpping nor th  a t  moderate 
angles  have been mapped near  Chalt and Um Hatum a t  t h e  oontac t  of t h e  Darkot Group and 
Greenstone Complex, A t  Urn Hatum ( p l a t e  8)  t h e  s t r a t i g r a p h i c a l l y  o lde r  rock unit ,  t he  
Darkot Group, has been t h r u s t  over the  Greenstone Complex, f o r  a t  l e a s t  s i x  miles,  
F a u l t s  a r e  common s t r u c t u r a l  f ea tu res ,  bu t  they a r e  of secondary importanae t o  eve- 
f o l d i n g  i n  the  d i s t r i b u t i o n  of  oak u n i t s ,  and formation of mountain ohains, i n  t h i s  
a rea ,  

Major s t r u c t u r e s  found i d  t h e  region  conform t o  those found i n  o ther  
p a r t s  of the  R?mala;gas and a r e  probably.due t o  f o r c e s  impressed from the north, 

Geological His tory  

I n  t h i s  r epor t ,  only the  h i s t o r y  d i r e c t l y  connected with the  
s t r a t i g r a p h i c  u n i t s  of the r e g i 0 n . i ~  given, 

The o l d e s t  rocks examined were the  limestone, s l a t e s ,  q u a r t z i t e s  and 
o ther  metamorphics of the  Darkot Group of Upper Palaeozoic age, A few g r a n i t e  pebbles 
were found i n  the s l a t e s  bu t  the  pebbles were wel l  rounded and had t r a v e l l e d  a  g r e a t  
d is tance ,  no o the r  s i g n s  of t h i s  o lder  g r a n i t e  were seen, The Upper Palaeozoic 
sediments were l a i d  down i n  the  Tethys Sea, which was extens ive  a t  t h a t  time, The 
sediments, which a r e  predominantly e l a t e s ,  i n d i c a t e  d e e p w a t e r  condi t ions ;  they are 
genera l ly  unfoss i l i f e rous  although one horizon of interbedded s l a t e s  and limestones 
conta ins  abundant marine fauna, 

Towards t h e  ends of depos i t ion  o f  t h e  Darkot Group an  i n d i c a t i o n  is 
given of the  g r e a t  volcanic  period t o  follow, Near Chalt,  and nor th  of Yasin, pf l low 
l avas  a r e  found near  t h e  top  of ' the sequence, The vo lcan ic  outburs t  increased  i n  
magni tude and gave r f  s e  t o  a  g r e a t  th i ck ies s  of t u f f s ,  agglomerates and l a m s ,  A t  
l e a s t  p a r t  of the  region was submerged duping t h i s  time; t h i s  i s  shown by the  presence 



of small  l enses  of  l imestones and q u a r t z i t e s  i n  the  volcanics ,  and p i l low lavas. 
Weither t h e  age nor c lose  of t h i s  volcanic  cycle  is known, b u t  t h e r e  was a  period of 
e ros ion  before  Cretaceous depos i t ion  commenced. 

. - 
I n  Lower Cretaceous time, a  shallow.arm of a  l a r g e r  e p i e r i c  Se6 

entered  the  region. This sea  t ransgressed  the s o f t e r  sediments of t h e  Darkot Group 
and probably had i ts  shore l ine  a t  the  boundary of the  Darkot Group and the  Greenstone 
Complex, approximately e a s t  and west of Yasin, wi th  the massive r e s i s t a n t  volcanics  
of t h e  Greenstone Compler forming t h e  land which bordered t h i s  t rangress ion .  

A s h o r t  period of vu lcan ic i ty  gave r i s e  t o  t u f f s ,  agglomerates and 
t h i n  lava  flows which a r e  now found interbedded with f o s s i l i f e r o u s  Lower Cretaceous 
limestones conta in ing  a r i c h  l i t t o r a l  marine fauna. This  volcanic  a c t i o n  poss ib ly  
marks t h e  end-phasee of the  g r e a t  volcanic  per iod  which gave r i s e  t o  t h e  Greenstone 
Complex and i s  d e f i n i t e l y  r e l a t e d  t o  t h e  Cretaceous v u l c a n i c i t y  which occurred 
f a r t h e r  south i n  the  Indian  suLcon t inen t .  

- 

A t  t he  c l o s e  of t h e  Cretaceous Period, o r  e a r l y  i n  t h e  T e r t i a r y  
Period, began t h e  g r e a t  f o l d i n g  movements which produced the  Himalaya Range of 
today. I n  t h i s  region, the  sediments of the  Cretaceous Yasin Group and t h e  under- 
l y i n g  sediments of the  Darkot.Group were overfolded upon the  massive volcanics  of 
t h e  Greenstone Complex, and b a t h o l i t h s  of g ranod io r i t e  were in t roduced a long t h e  f o l d  
axes 

It i s  not  poss ib le  t o  determine the  age of the  f o l d i n g  and i n t r u s i o n ' .  
w i th in  the  T e r t i a r y  Period because of the  absence of f o s s i l i f e r o u s  sediments younger 
than Cretaceous,.  but  Wadia (1939) and o the r  ( inves t iga t ions  of Himalayan geology agree  
t h a t  movements commenced l a t e  i n  the Eocene Epoch. The main f o l d i n g  i s  helieve'd' . to 
have occurred i n  the  Middle Miocene Epoch, and was'.followed by t h r u s t i n g  from t h e  - 
nor th  i n  the  Middle or  t h e  Upper Pliocene age. Minor movements have continued i n t o  
Ple is tocene  and Recent times. These-movements i n i t i a t e d  the  p resen t  cycle  of erosion,  

.- _ -  
during which only s u p e r f i c i a l  depos i t s  have accumulated. ./, . 
Geomorphogeny - ., 

- .  .- . '  . 

The ext raordinary  drainage sys  tern ( p l a t e  2 )  with the  main r i v e r s  
c u t t i n g  through high ranges suggests  antacedance, and i n  o ther  p ~ t s  of t h e  Himalaya 
Range t h i s   ha^ been proved by the  exis tence ,  of folded T e r t i a r y  depos i t s  i n  p resen t  
va l leys .  

The mountain chains a r e  a l igned p a r a l l e l  t o  t h e  r eg iona l  geologica l  
s t r u c t u r e  and t h e i r  d i s t r i b u t i o n  depends on the  d i f f e rence  of r e s i s t a n c e  t o  weathering 
of t h e  rock types. The prominent mountain ranges a r e  composed of granodior i te .  The 
r i v e r ~ ~ h a v e  c u t  deep gorges through mountain ranges, and t h e  extreme topographical  
r e l i e f  could only be  the  r e s u l t  of re juvenat ion  of the  r i v e r e  by gradual  u p l i f t .  No 
T e r t i a r y  sediments a r e  present  i n  G i l g i t  Agency to  he lp  e s t a b l i s h  t h e  age of the 
o r o e n y .  

Glac ia t ion  has played an important  p a r t  i n  producing t h e  rugged 
topography. Glac ia l  e ros ion  reached i ts maximum during the  P le i s tocene  Epoch b u t  the  
i c e  has s i n c e  receded t o  much h igher  a l t i t u d e s .  The lowest observed te rminal  moraine 
is  a t  4,100 f e e t ,  near  the  Junct ion of the  Indue and G i l g i t  Rivers. 

Undisturbed high-level r iver -gravels  on t h e  s i d e s  of v a l l e y s  show t h a t  
the  r i v e r s  have c u t  a t  l e a s t  s e v e r a l  hundred f e e t  s ince  t h e  l a s t  orogeny. Al luvia t ion  
due t o  blockage of r i v e r s  by g l a c i a l  o r  l ands l ide  debr i s ,  has occurred, and r e s u l t i n g  
t e r r a c e s  a re  found a t  many levels .  



ECONOMIC GEOLOGY 

1. There-are no a l l u v i a l  gold p lace r s  of s u f f i c i e n t  s i s e  t o  be of economic importance. 
2. Mo m e t a l l i c  mineral d e p o s i t s ' o f  economic va lue  were found. 
3. Fur ther  inves t iga t ion  of quar tz  c r y s t a l  occurrences i s  recommended. 

The main purpose of the  geologica l  i n v e s t i g a t i o n s  i n  t h i s  region  was t o  
a s s e s s  t h e  p o t e n t i a l  wealth of mineral depos i t s  i n  the  area. The l o c a l i t i e s  of known 
and repor ted  mineral occurrences were shown on a map by an  o f f i c e r  of the  Pakis tan  
Geolo&ical Survey and t r a v e r s e s  were planned t o  vis i t  a l l  t hese  l o c a l i t i e s .  The 
Aust ra l ian  Geological P a r t y  spent  th ree  months i n  the  G i l g i t  Agency, 

Previous i n v e s t i g a t o r s  have been o p t i m i s t i c  about t h e  economio po ten t i a l -  
i t ' l e s  of the  region, Clark (1948-50) inves t iga ted  quar tz  c r y s t a l s  a t  Khaibar, gold and 
copper a t  Paeu, muscovite and f e l s p a r  a t  B a l t i t ,  f e l s p a r  a t  Basanabad Nala, ga rne t  near  
Murtgabad, and gold and "rare  minerals" a t  Minapin. I n  1951, he repor t ed  the  presenoe 
of p y r i t e ,  cha lcopyr i te  and arsenopyr i te  i n  the  Gilgit-Nomal d i s t r i c t .  H i s  r e s u l t s  a r e  
contained i n  unpublished r e p o r t s  submit ted t o  the  Ministry of Kashmir Af fa i r s ,  PaMstan. 
I n  1951, Kaemi ( ~ a k i s t a n  Geological survey) c a r r i e d  out  a pre l iminary  i n v e s t i g a t i o n  of 
mineral depos i t s  i n  t h i s  region. He noted the same depos i t s  a s  recorded by Clark and 
repor t ed  o t h e r  occurrences of minerals;  galena and s t i b n i t e  a t  Hasseis and Chhelish and 
common b e r y l  and aquamarine i n  Haromosh d i s t r i c t .  H i s  r e s u l t s  a r e  submitted i n  two 
unpublished prel iminary repor ts .  I n  a l l  cases ,  t r a c k s ,  i n  cons tant  use by the  
v i l l a g e r s ,  pass wi th in  a s h o r t  d i s t ance  of the mineral occurrences. The t r a c k s  a r e  
usua l ly  s u i t a b l e  f o r  horses and pack-animals. Transport c o s t s  a r e  high, 

Local v i l l a g e r s  and shepherds a r e  keen c o l l e c t o r s  of a t t r a c t i v e  rocks o r  
minerals. Any discovery i s  repor ted  t o  t h e  Headman o r  Rajah, and specimens and' 
information are genera l ly  a v a i l a b l e  t o  v i s i t i n g  geologis ts .  

I n  t h i s  r epor t ,  the  mineral occurrences a r e  discussed under the  headings 
IWetallic" and "Non-Metallic Ninerals",  

Meta l l i c  Minerals 

Al luvfa l  Gold: Al luvia l  gold, i n  some r i v e r s  of the  G i l g i t  Agency, has been known f o r  
many years.  P a r t i e s  of gold-washers9 from the Agency and from t h e  Punjab, have worked 
the  a l l u v i a l  depos i t s  from time t o  time, Their  work i s  seasonal ,  dependent on the  
na ture  of the  Plood condit ions of the r i v e r s .  A t  p resent ,  gold-washing is c a r r i e d  ou t  
by a few l o o a l  people, prepared t o  forgo the  prevalent  f e e l i n g  i n  the  region  t h a t  
lqgoldwashinglq i s  a dishonourable profession.  Local a u t h o r i t i e s  s t a t e  t h a t  inhab i t an te  
have sampled most of the  a l l u v i a l  depos i t s ,  b u t  have worked only those a r e a s  described 
be1 ow. 

Wadie (1932) recorded t h a t  gold was panned from p o r t i o n s  of the  Hunza 
and Bagrot t r i b u t a r i e s  of  the  G i l g i t  r i v e r .  I n  1951, Clark repor ted  gold  from a l l u v i a l  
g rave l s  a t  Pam,  H i s  panning i n v e s t i g a t i o n s  a l s o  showed t h a t  gold was presen t  i n  the  , 
Hunsa r i v e r  gravels  near  Nomal, but  was sca rce  i n  o t h e r  p a r t s  of the r i v e r  course. 
Other "gold-washingu l o c a l i t i e s  inc lude  Hanuchal and one mile west of Torbuto Das, on 
t h e  Daintar  River,  bu t  these  l o o a l i t f e s  have no t  been worked f o r  many years,  A t  
p resent ,  "gold-washingt1 i s  r e s t r i c t e d  t o  Paeu and f'e confined t o  a few people, 

It 5 s suggested t h a t  the. gold i s  derived from quar tz  veine which crop 
out  a t  t he  contac t  of the  g ranod io r i t e  and Darkot Group, and from narrow quartz  ve ins  
disseminated throughout t h e  country rock. The l imi t ed  number of p laces  i n  which gold 
has been obtained may i n d i c a t e  a l imi t ed  outcrop of source rocks, 



Gold occurs a s  f l a t t e n e d  g ra ins  and f i n e  dus t ,  and i s  oontafned i n  the  
f i n e  sands of a l l i i v i a l  g rave l s  i n  narrow banks of the  r i v e r s  and streamsb 'There may 
be some gold i n  high-level a l l u v i a l  t e r r aces ,  but  no a t t e n t i o n  has  been pa id  t o  these ,  
a s  the  depos i t s  a r e  mostly under cu l t iva t ion .  - , .. > 

The work of the  gold-washers a t  Pasu could be made e a s i e r  i f  they could 
be encouraged t o  bu i ld  small  water-racee, and use t h e  water t o  wash the sands *om t h e  
gravels .  This would %e-a decided improvement on the  bucket method of washing, and . 
would enable a g r e a t e r  volume of wash t o  be t r e a t e d  per  day. 

- 

  he i n v e s t i g a t i o n s  show t h a t  gold p l a c e r  depos i t s  have a very  lfmf t e d  
d i s t r i b u t i o n ,  and suggest  t h a t  the  depos i t s  do not  present  economic p o s s i b i l i t i e s  on 
any apprec iable  sca le .  

Copper Minerals 

Copper minerals,  cha lcopyr i te  and malachite ,  have been found i n  t h e  
rocks of t h e  Greenstone Complex. Clark (1951) examined ttsmall b l ebs  of cha lcopyr i t e  
s c a t t e r e d  through g ran i t e"  i n  Dainyor Nala, and repor ted  t h a t  '+these depos i t s  a r e  of 
no commercial importancett. A t  Dikut and Pasu, Chalcopyrite-pyrite-pyrrhotite 
boulders  have been observed, bu t  t h e i r  source i s  unknown, No copper occurrences of 
commercfaP value were seen, 

Lead Minerals 

No depos i t s  of lead  minerals were seen, A repopted T e a d  and p y r i t e "  
depos i t  a t  Chhelish was found t o  be  a small pocket of g raph i t e  f n  p o r p h p i t i c  
granodi o r i  t e  , 

I ron  Ores 

The i r o n  minerals  i n  t h i s  region  inc lude  p p i t e ,  a rsenopyrf te ,  
p y r r h o t i t e ,  hematfte and magnetite,  P y r i t e  depos i t s  outcrop i n  t h e  GiP@%.NomaI 
a rea ,  J u t a l  and Kargah Nalas, near  Batura and Pasu Glac iers ,  and a t  Ya l t e r  Bar. 
The p y r i t e  occurs a s  impregnations i n  crush zones o r  a s soc ia t ed  with' p y m h o t i t e  i n .  
replacement l enses ,  The Yal ter  Bar deposft  i s  t y p i c a l  of p p i t e - p y m h o t i t e  depos f t s  
i n  t h i 8  a rea  and i s  a replacement of crushed quartz-mica s c h i s t  a t  i t s  con tac t  wi th  
massive qua r t z f t e ,  The d e p o s i t . i s  l e n t i c u l a r  i n  shape and i s  approfirnatefy one 
hundred f e e t  i n  length. Such p y r i t e  depos i t s  a r e  t o o  small and t o o  inaccese ib le  t o  
be explo i ted ,  

Hematite forms the  b r i l l i a n t  r e d  weathering product of p y r i t e  and 
a r s e n o p y ~ i t e ,  v i s f h l e  on t h e  h i l l s  near  Maiun and Nomal, The depos i t s  a r e  only 
s t a i n s  on the  h i l l s i d e s  and a r e  consequently of no commercial use, 

Magnetite haa been recorded from many l o c a l i t i e s ,  gene ra l ly  a s  
aegregat ione i n  b a s i c  lavas,  Such occurrenoes have l i t t l e  economic s fgni f f . :a~ .se  i n  
mountaf nous t e r r a f  no  

Non-Metallf c Minerals 

Quar tz  Crys ta l  

The occurrenoe of quar tz  c r y s t a l  was r epor t ed  from two l o c a l i t i e s  i n  
the  GilgPt Agency, A t  the  first l o c a l i t y ,  one mile south  of I ske re  9n t h e  Haromosh 
Range, a few s c a t t e r e d ,  i n f e r i o r  q u a l i t y  c r y s t a l s  of quartz  occur i n  pegmatite 
veins. Not one c r y s t a l  of economic va lue  was seen e f t h e r  f n  s i t u  o r  i n  possession 
of t h e  d l l a g e r s ,  The second l o o a l i t y  was the  Khaibar Nala i n  the  Hunza Valley. 
Clark examined t h i s  l o c a l i t y  i n  1948 and, i n  1950, he repor ted  a quar tz  c r y s t a l  
depos i t  and recommended f u r t h e r  inves t iga t ions .  Later  i n  t h a t  year ,  he submit ted a 
second and unfavourable repor t .  I n  the company of D r .  Clarke, t h i s  l o c a l f t y  was 
v l s i t e d  and three  depos i t s  of quar tz  o r y s t a l  were examined, The qua r t a  c r y s t a l  is 
found on t h e  wal ls  of vughs i n  a quar tz  ve in  up t o  6 f e e t  th5ck which pene t ra t e s  
the  s l a t e s  and q u a r t z i t e s  on the  north s i d e  of Khaibar Nala, 1* miles  upstream from 
Khaibar Vi l lage ,  a t  a he ight  of l l , O O O  t o  12,500 f e e t .  

The vughs a r e  more common where the  quar tz  v e i n  i n t e r s e c t s  t h e  
qua r t z i t e .  Some good q u a l i t y  o p t i c a l  quarte ,  up t o  1 inch  i n  l e n ~ t h ,  m e  co l l ae ted ,  
and a l s o  imperfect l a r g e  o r y e t a l s  wi th  a l eng th  up t o  4* inches,  A s  small goodquality, 

d 



and-large pooi; qual i ty  c ry s t a l s  were seen, the depoeate a r e  s u f f i c i e n t l y  promising to  
r ecoeend  fur ther- invest igat ions ,  The vughe should be opened up and thoroughly 
examined-farther back from the outcrop where many generations have col lected curios, 
Other reported quartz veina between Khafbar and Mfegar should be examined, 

\ 3 
~ h <  re'quirehents f o r  commercial use a re  r- 

- .  . . .  
, . 

1, The c ry s t a l  or  pfeoe of quartz should weigh more than 
4 ounces avoirdupoisp o r  contain more than one-fnoh 
cube of apparently f lawless quartz, 

2. The c ry s t a l  should be c l ea r  and glass-l ike and contain 
a t  1eas.t a .  one-f nch cube, which ie f r e e  .from f l a m ,  
twinning and other defects,  

m e  p r f c e p e r  pound of acceptable s r y s t a l  ranges from ten s h i l l i n g s  (lo/- LA) t o  f i v e  
pounds (95 A) ,  

- .. 
Good qua l i ty  quartz c ry s t a l  i s  i n  g rea t  demand a t  the present time, and 

the  pr ices  offered are su f f i c i en t  t o  cover the  high cos t  of t ranspor t  from t M s  remote 
region, 

, ... . 

Mica - 
A muscovite depdsit has 'been reported from Haidarabad Nala, Hunaa State.  

The'deposilt was examined and mas found t o  consis t  of a few muscovite books, 6°' - 9". 
diameter, i n  pegmatite boulders i n  scree and 1" diameter booke i n  ;PO- feet-wide 
pejpti t i te  veins i n  s i t u ,  The eouree of the large muscodte books As not located, but  
s imi la r  pegmatites i n  the v fc fn i ty  of t h i s  deposft and fn  other pa r t s  of the region 
surveyed were investigated w5 t h  negati ve reeul  ts, 

The deposi ts  observed a r e  too small t o  be of commercial value, and, 
s ince  ca re fu l  invest igat ion of a l l  pegaat i tes  found along the routes of t raverses  
revealed no t race  of addi t ional  deposits, prospecting f o r  depoeite of commercial mica 
cannot be recommended, 

Occurrences of beryl  i n  pegmatilx vefns were reported i n  the Hunsa and 
Haramosh areas. Crystals of beryl  were seen i n  the pegmati t e  vei  ne near Bulchf das, i n  
the Hunza area,  and a t  one mile south of Iskere i n  the Haromoah area,  

The pegmatitea i n  the Haramoah a rea  range i n  width from one to f i v e  f e e t  
and, owing t o  the mountainous t e r r a in ,  could not be traced f o r  more than twenty f e e t  
along the  s t r i ke ,  One beryl-bearing pegmatite wtth pale, blue-green c ry s t a l s  of beryl  - a inch diameter was exami ned, and this deposi % was the only one known t o  the 
v i l l agers .  Only two c rys ta l s  of beryl  were seen, 

8. reported occurrenee near J u t i a l  was not invest igated because the  
deposits  a r e  under enow f o r  most of the  year, Further fnveetf gation of beryl  deposi ts 
seems unwarranted, beeatme beryl-bearing pegrnatites are apparently very rare ,  and a r e  
l f ke ly  t o  be enow-covered f o r  pa r t  of t h e  year, 

~ r i c i o u s  and Semf . ~ r e c i  ous Stones 

Pegmatite veins f n  the  western margfn of the Haramosh Range, i n  the  
v i c i n i t y  of Dache, Iskere  and J u t i a l ,  were examined f o r  reported occurrences of 
aquamarine gemstone, These pegmatite8 a r e  snow-covered f o r  p a r t  of the year, 

A few c rys ta l s  of pale green and opeleecent blue-green beryls  were seeno 
but  the pale green crysltals were too pale, and the b lubg reen  c ry s t a l e  too fractured,  
f o r  use a s  gemstonee: 

The poor qua l i ty  of a l l  the  specimens seen f n  poeeeesfon of the 
inhabi%ants suggests t h a t  i f  there a re  any depoeite of eommeroisl gemstones they w i l l  
be hard to  find, 



Abrasives 

Two and a half miles ea s t  of Hini, s taurol i te-garnetmica s c h i s t s  
crop out i n  the s teep c l i f f s  of the  Hunza Valley, They a r e  access ible  from a -  
narrow pack-track arhich leads f r m  G i l g i t  along the Hunsa River Valley. Clark-(1950) 
submitted samples of the garnets t o  the Pakistan Geological Survey t o  be t es ted  foF 
use a s  an abrasive. K a s m i  (1951) suggested a looal  sandpaper induetry. The garnets 
a r e  orange-red c rys ta l s  of almandine,10.51cm, diameter, intergrown i n  places with 
s t au ro l i t e ,  Inclusions of quartz and ' a l t e r a t i on  t o  b i o t f t e  a r e  common features ,  The 
garnets  a r e  highly fractured,  Inter-growth with minerals of d i f f e r en t  hardness t o  
the  garnets, a l t e r a t i o n  t o  b i o t i t e ,  and a high degree of f rac tur ing ,  a r e  very 
undesirable features  i n  an abrasive. Consequently, these garnets would make an 
abrasive of a qual i ty  too poor t o  pay f o r  the high t ranspor t  cost  and mining 
operations, 

Other Minerala 

Soapstone, asbestos, sulphur, f e l spar ,  and tounnal ine ,~have been 
reported by previous invest igators ,  but  examination of the occurrenees showed t h a t  
they a r e  of no economic significance,  
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Rock . . . .  ..- Ungt \ Locali.tp . ,  Name Structure  - , Accessories - - Ile msrks Mineral Assemblage' 
NO, (1n order of abundance ) 

. . . . . . . . . . .  . . . . . . .  - . . . . . . . . . . .  . . .  . . .  . . .  - - . - . . .  . . . . . . . . . . . . . . . . . . . . .  
. .  1. 2 , ..... -3 .  _ .. - . .  4* .... . . .  * .  . _  . . 6 .  - 70 8. 

89 Tsshot S tauro l f te  - schis tose  s taurolf  t e  - muscovite Staurol i te-and garnet  
garnet ~ c h i e  t garnet  (almandine ) i r on  ore form porphyroblasts 

quartz 
. - . . . - - .  b i o t i t e  

18 Tashot Andalusi t e  - sohi s tose  andalusi  t e  e t au ro l i  t e  Andalueite is present 
e t au ro l i  ts - .--.- b i o t i t e  i r o n  ore as ske l e t a l  a rye t a l s  
garnet - quar t s  
b i o t i t e  s c h i s t  game t 

- . ,  - . s e r i c i  t e  
~ a r k o t  N 

Croup 181 Borth of Garnet - sah is  tose, b i o t i t e  Calc i te  and epidote ? 
Darkot quartz - quartz - replaces plagioclaee 
Thermal mica s c h i s t  muscovl t e  orys t a l e  
S P ~ ~ W  - game t . . . . . .  

180 Darkot Tremolite - intergrowth tremoli t e  b i o t i t e  A metamorphoeed bas16 
Thermal a c t i n o l i t e  a c t i n o l i  t e  i r on  ore in t rus ive  
Spring rock ape ti t e  

179 Tor th  of Medium - mass ive plagioclaee i r on  ore Boulder i n  s l a t e  
'Darko t grained wi th  quar ts  

granodf o r i  t e  grani to id  orthoclase 
texture b i o t i t e  

muscovite 



8, 1. 2. 3. 4 0 5 0 6 .  70 

South of Vesicular Micrcb pigeonf te-augi ts epi  do t e  Vesicles i n f i l l e d  with 
275 Gasi t Col. augl t e  porphyrit ic plagioclase c a l c i  t e e  Plagioclase 

ba sa l t  G r  oundmass i ron  ore ground- phenocrysta replaced 
has in ter-  - serpentine ) mass by c a l c i t e ,  epidote 
s e r t a l  c a l c i t e  ) and quar ts  

- - - - - - - - - - - - - - - - -  

27 2 South of ~ a e a ' l  t fragmentary Consist of fragments of micr*crystalline basa l t ,  palagonite, 
Gaei t Col, palagoni t e  bas ic  plagioclaee and ol iv ine ,  with i n t e r s  ti t i a l  serpentine,  

i agglomerate 

Green- 277 South of Epidotised fragmentary Consists of fragments of andeeite, t r achy t ic  t u f f  and baeic 
a tone  - Gasi t 001, agglomerate plagioclase,  Seaondary epidote i a  ,abundant 
Complex 

27 4 South of Calcareous fragmentary Consists of fragments of ves ioular  aug i te  baeal t ,  palagonlte 
Gasi t COP. basal  t i c  and aug i te  c rys ta l s  ; i n t e r s t i  t i a l  ca lo i  t e ,  epidote and 

agglomerate serpentine, ur IU 
0 

- -  - -  - - -- - -  ~- -- - ~ 

11 Chal to Gneissic porphyroL hornblende i r o n  ore ,  Hornblende forme 
micro-diorite l a s t i c  and plagi  oclase quarts  p o r p h ~ o b l a e t e ,  

l ineatad epidote b i o t i t e  

8 8 Gwach Hornblende- sch i s  tose hornblende quar tz  i r o n  A meta-do1 e r i  t e  
p lagi  oclase plagi  oclase ore 

. . . . . . - . - . ech i s t  
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87 Chalt Eornblendi quartz- schis tose  hornblend quartz ' plagi  o-clase A metamorphosed- aey-wacke. 
plagioclase s c h i s t  i r o n  ore . A vein  of secondary epidote 

epidote i s  present,  
. . . .  

28 4 Bapo Ser, Grossulari te porphyr o- grossu la r i  t e  dravl  t e  Grossulari t e  forms 
-zoisi te-  b las  ti e c e l c i  t e  p o r p h y r o b l a ~ t s ~  
di opside zo i s i  t e  
ca lc - s i l i ca te  dlopside 

microcline 
I 

- ,  quartz _ ,  . . . . . . .  
Green- t 

stone 
28 5 Bapo Ser, Banded epidots- fo l f  a ted  epidote . zoi s i  t e  1 Complex - 

hornblende hornblende 

Yasin 
Group 

oalc-s i l ica te  c a l c i t e  
(pofash 
( fe ldspar  
quartz 

. . 

256 Chhashi Hornblende m i  cr.& plagi?clase ch lo r i t e  Pebble i n  conglomerate. 
Gol, andeei t e  ~0rphS'- ( ~ b  75) epi  do t e  

r i t i o  hornblende prehni t e  
i r on  ore  

169 West of Trachyte micro- s an5 d i  ne 
Yasin P O V ~ Y -  d iopsidic  

rf t io .  [augi t e  
Ground- i r on  ore 
mass has epi  do te 
in ter-  
granular 
texture  

. q u r  t r t  Sanidine f o m s  
phenocryets 



- - - - - - - 

n?5 
- 

West of Prehnf t i s e d  massive, with plagioclase a w t e  i r on  ore  Prehnite i s  an a l t e r a t i o n  
Yasin ol iv ine  

ba sa l t  
i n t e r s e r t a l  o l i h n e  .serpentine 
texture  

produet of Plagioclase 

Yasin 172 Wee t of Traohytf c 
Group Yaefn t u f f  

fragmental Consist of small fragments of eanfdfne, micro-crystalline' 
t rachyte,  augite, plagfoelase and some quartz. Serpentine 
and i r o n  ore a r e  i n t e r s t5 t i a1 ,  

176 Weet of Rhyolf ti c 
Yesin tu f f  

! 

fragmental Consists of sum11 fragments of rhyo l f te  ~ 5 t h  glassy groundmass, 
granophyre, potash feldepar,  quartz and smell amounts of augi te  
and epidote 

91 Daohe , Medf m g r a i n e d  gnef s s i c  plagiocfase quart5 appatf t e  Someplagiocfaee f e  
Haramash gneies i  o er%hoal ase  bf o t i  t e  epf dote an ti-per t h i  ti o 

granodf o r i  t e  5f r-oon 
Ladakh w 
Ba thoPl$%h 297 Bahuehtaro. Porphyrf t f  c psrphyri t i e  hornblende tremolf t e  One'hornbfende pheno- -a O 

OPat, near hornbl ende with medium- pf agioclase (zoned), ep i  dote oryat  enof oses r e l f c t  
Shaman d i  orf t e  grained or thoslase  

groundmass quar t s  
bf o t i t e  

i r on  ore augl t e  
museovPte 

190 HanuchaP Ffne-graf ned fo l i a t ed  p ~ a g f s c ~ a s e ( ~ b ~ O )  aphene 
Indue banded hornblende quar ts .  

' Valley hornblende ' epidote 
d i o r l t e  b iot f  t e  :. , . 

Karakoram 8 3 Pasu Medium-grained Massive . plagi oclase ( ~ ~ 7 0 )  I ron ore 
Batholith Ghar monzoni t e  w i  t B  mieroclin6 sphene 

g r a d  t o id  , quartz a p a t i t e  
texture b i o t i t e  

.,?. - -  muacodte 



--- - - 

191 Shuts,  Me df b g r a f  ned g n e i s s i c  micropert'hi t e  f r o n  o re  Aegirine-augi t e  
Indus g n e i s s i c  hornblende q u a r t s  bordered wf t h  
Valley hornblende aegjlrine-augi t e  apa ti te r e a c t i o n  r f  me of 

- - - -  syeni  t e  plag5oclase ( ~ b q 0 )  z i r con  hornblend 

192 Hanuchal , Medium-psi ned augen- pPagi oclaee , b i o t i t e  P lag ioc lase  form 
I n d w  g n e i s s i c  ' gnef s s i c  a c t i n o P i t e  ' c h l o r i t e  augen, 
Valley d i  o r i  t e  t remol i  t e  

or thoclase  

LadakPl 222 Be tween Hornblende Porphy- m i  c roc l ine  quar tz  Hornblende 
Bathol i th  Sj ngal  and s y e n i t e  ri t i c  m i  c rope r th i  t e  apatf  t e  encloses  r e l f  c t  

I Gakuch , hornblende e 3hene c rys  t a l a  of augi  te .  
p l a g i o c l a e e ( ~ b 8 0 )  Plagioc laee  forms 
b i o t i t e  phenocrysts 

- . i r o n  o r e  
-. 

. . . : . . w 
216 Sf ngal  Biotf  t e  MedLum- p lagioolaee  ep i  do t e  Some p lag ioc lase  a 

CD 

Gah hornblende grained q u a r t z  sphene i s  a n t l p e r t h i t i c  
granodi or5 t e  massive, ' b i o t i t e  

with grani- hornblende 
t o i d  
t e x t u r e  

a p a t i t e  

29 Upper M e d i m g r a i n e d  porphyrf t f  c p lagfoclese  (~b70) musoovi te P lag ioc lase  
Haeanabad b i o t i  t e  q u a r t z  a p a t i t e  f o m s  
mala granodiori  t e  b i o t i t e  epido t e  phenocryste .A. 

per thf  t e  a i r con  
i r o n  o r e  
c h l o r i t e  

8 5 p leg loo lase  (lb70) Karakoram Culmi t , Gneissic  b i o t f  t e  f o l i a t e d  c l inozoief  ke 
Batholi th Hunsa hornblende b i o t i t e  sphene. 

Valley g ranod io r i t e  hornblende a p a t i t e  
quar tz  
augi  t e  

z i r con  
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APPENDIX B 

Lf s t and Age. of the Upper Palaeo~;oic- 'Foss i l s  *om- the  North-Wes t 
Por t ions  of the O i l g i t  Agenoy . . . . . - ., by . -  .. . J,M, Dickins 

1, Barband Vi l lage ,  3 mflee nor th  of Darkot, .Yasfn Valley, Specimem 
NO, 92-1090 . . 

Fistuli pora yaainensi  s Reed 1925 
~ a t o s t o m e l l a  ape 
Feneate l la  sp.A, 
Polf iora? darkotensf s (need) 1925 
Rhombopora c f  lepidodendroidee Meek 1872 
Thamiiiscue? sp, ' 

Acanthocladia? sp , '  
C r i  nof dea gen, ind. 
.Brachf opoda genb ind,  
Ortliotetidere gen, ' ind ,  
Euomphalus' c f  p a k s  Waagen 1880 
HyoPfthidae gen, e t ,  sp, 

. . .  - - . . .. . . . . . -. - . . . . - 
6 

.It was f r a n  +his l o c a l i t y  t h a t  Hayden c o l l e c t e d  t h e ~ f o a s f l e  descrfbed 
by Reed f n 1925, 

. - - - -  , - 

The c l o s e s t  r e l a t i o n s h i p  of the  fauna f a  wit5 the  Ar%insk of  the  Urale, 
t h e  Basleo beds of-Timor and p a r t f m l a r l y  t h e  BBfddfe Proauc%us Limestone of the  ' -  

Punjab. Thfs r e l a t ionsh ip  would siiggest an age towards the-.top of the Lower Permian 
( t h e  Lower Permian i s  taken t o  inc lude  t h e  Salunarian, Art inskian and-Kungurian of t h e  
s tandard sequence f n  the  Sovfet  Unfon, and the  Upper Permian t o  fnelude the  Kaaanfan 
and above), 

2. Sandhi Vi l lage ,  7 miles nor th  of Yasin, Yasin Valley. Specimens 
No, 110-122 and 186 and 187, 

Feneete l la  sp, B 
Rhornbopora c f ,  lepfdodendroides Meek 1872 
Crinoidea gen. ind, 
Rugosa geno A sp, 
Produetidae gen, e t  sp, 

Possibly t h i s  l o c a l i t y  has  a speoies  i n  cammon wfth l o c a l i t y  l - Bo cf, 
lepidodendroides Meek, However, a' comparison f s  u n r e l i a b l e  owing t o  poor 
preservat ion  of the specimens a t  both l o c a l i t f e s ,  R, lepidodendroides has been 
repor ted  from the  Upper Carboniferous and Permian of North America, The whole,fauna 
suggests  an Upper Carbon2 fe rous  o r  Lower Permf an  age, 

3, Khafbar Vi l lage ,  junctfon of Khaibar Na1a and Hunaa Rfver Specfmene 
no, 58-69, 

Fueulinfdae gen, e t ,  sp, 
Fenes te l l a  sp, C 
S t reblo t rypa?  sp, 
Rugoea gen, B ep, 
Or thote t r idae  gen, fnd, 
PeP.ecypodaS gen, ind,  

It i s  poss ib le  t h a t  the s i n g l e  braahiaf  value of an .  o r t h o t e t f d  brachiopod 
rep resen t s  the  speoies  t h a t  occurs a t  Looalf t y  1, .The fauna would suggest  the  
beds a r e  of a Lower P e m i a n  age, poss ib ly  s l i g h t l y  o lde r  than those of LooaPlty lo -. 

1, For a f i l l e r  r e p o r t  on these  f o s e f l s  s e e  referenees ,  



Lower Cretaceous f o s s i l s  of the  Yasin Group, G i l g i t  Agensy 

Since Hayden (1916, Reo.Geof .SoIndia,  XLV, p t .  4)'foirnd a numb65 B Y -  
f o s s i l s  i n  what he erronea;..,'ly c a l l e d  the  YHippurites Beds" of Yasin, -no new-material  
seems t o  have been co l l ec ted  a t  the  l o c a l i t y  u n t i l  1951, The p resen t  c o l l e c t i o n -  
comprises a few forms which a r e  new t o  the Yaein Group; and i t  is hoped t h a t  they 
can be described i n  t h e  near  f u t u r e  i n  a s p e c i a l  -paper ,  - - 

The f o s s i l  assemblage submitted f o r  determinat ion t o  t h e - w r i t e r  by 
Messrs. J, Ivanac, D. Travea and D. King comprises t h e  fol lowing spec ies  and 
genera: . 

Euma c f ,  E, neocomieneis de From, 
Calamophyllia c f ,  C, g r a c i l f s  Blainv, 
Thesosmi l i a  sp  , 
I s a s t r e a  of ,  I, r e m l a r i s  de From, 
Montastrea sp, 

HOP% opleura haydeni Doub, 
Horiopleura of ,  H, haydeni DOUV, 
Horf opleure  cf, H, lamber t i  (Mun, - Chal, ) 

Nerinea c f ,  No eoquandf duOpbo 
Ptggmatis no sp, 

Forami n i f e r a  (see  Appendix D )  

The only p u b l i e a t i  on on f oesf 1s from Yasf n known t o  m e  f s t h a t  by 
He DouviPle (1926, ~ e ~ , G e o l , S , I n d i s ,  LVIII, pt,4),  His d e s s r i p t i o n s  a r e  based on 
ma te r i a l  c o l l e c t e d  'by Hayden durfng t h e  explora t ion  of t h e  a rea  i n  1906, O f  t he  
genera and species  mentioned by Douvflle P r a e r a d i o l f t e s  g i l g i t e n s i s  Douv.., i s  absent  
i n  the 1951 aol lec t ion , ,  The l a t t e r  conta inso  however, t h e  fo l lowing new forms n 

Montastrea ap, 
Horiopleura ef .  H, haydeni Dow, 
Horf op lewa  cf .  He lamber t i  ( ~ u n ,  - Chal, ) 
- 

Ptygmatfs no ,spO 

O f  p a r t i c u l a r  i n t e r e s t  i s  the  presence of Horfopleura. c f ,  H,' l amber t i  
( ~ m .  - Chal,), a r u d i s t e  epbcies common i n  the l y e r  Cretaceous of t h e  Pyrenees, 

. The present  c o l l e e t i o n  confirms t h e  lower Cretseeous ( ~ a r r e m i a n  - 
 tian an) age o f  &he Yasfn Group as given by Douville,  who r e c t f  f f  ed Haydenas erroneols  
term YEfippurites Beds'; .whioh suggested an  Upper Cretaoeous age, 
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Figure 1, 

P l a t e  4 

A view, north-east from Rasanbad Glacier, 

Photo by D,K, 

. , - .  .,- a , ,  ,i 
- ,B."--: . 

Batura Glacf e r  

Photo by D,K, 
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Plate 5 



Plate 6 

Figure 1. 

F 

V i m  down Khaibar Rala, 

Photo by DoMeTe 

Figure 2. 

Figure 2, 

- - 

View, west from Ghamubar Bghos to 

Photo by DoIaTo 
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Figure 1. 

Plate 7 

Hybridisation at contact of  Lad- Granodio~ite 
and Greens t o y e  CompIer. 

Photo lg efeFoP. 

Figure  2. 

Agglomera t s . 
Photo by D,K, 
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