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1. Bour poseible darn eites were esmlnad n l o q  tho U ~ p a p  
Cotter River b e t ~ o s n  Bn~shrrangprer ant% C o l l i n s  CrcaTa. 

8, The aeology of &he area cronsiof 6 02 an bldor for;,-aaf ion 
of pbylillde, the Pram% n.f ~rmatif ota, anel a ylo~i~;oe~ f o~ina- 
t i o n  of gmrtzi$o,.%he TPdbinbflla quartzita, sepnrat;e8 
ba a major! nons l  f au3.t. Both f omt&om bove beon 
Pat ruaed by b i o t i t e  granite. 

3. The euitabLlf%y of the area for  the construotion of a 
dam baa been emmined caith regard f o seiamic noLtvFt~ ,  
the effacrt oP Iokding dlw f o ..iqpounded water, an& the 
poselb2~2ty of le&k~f;;e of rraLsr from the etora;;a. The 
inveettgation of aetislnia aot i v i t y  l a  the Australian 
Capital Yerritory 161 not yet opmpl@te, bat the available 
ev%&noe sugeeetrp that earth tromore i n  the Gotter Bfver 
area :.re likely t o  bs of low Lntemif y and that;, al- 
though It i s  posetbls, it l e  unl%keLg. {hot movement rill 
take pllzoe, along tho dotter f"auL%+ 

4. ConsLBoratlon 02 these regional factm SadToafoa that  
the dam ahoulii be coast~ucteU a t  ae );peat a disitanoe 0s 
posalble f ram the Cotter fault  and i n  suoh a goeritf o n  
as t o  b ~ o u n d  %he minimum depth of, water over tho 9 a U t  
zom. g i t e  fr3 $8 therefore comiclored the best eite Pop 
a ref a i  nln3 w.aPE. 

6 ,  The &eo3ogLaal feature of each o f  tke four sktes have 
boen brleETlg aie.cuseed,. and the order sf prderance 
eatnblieheb as 8, C, A, D. 

0. Etgtnearlng g e o ~ o m  a$ S L ~ B  B hog, beon discusssd i d  
de ta i l  and there ag~psn~ t o  be no scriouo dis~&vanta,ce 
t o  the conotmu~ion or rnaintienance of n o8abla da-a r i t  
t h i s  @ S t @ ,  

7. The s q p l y  oP,Fock ~ u i t a b l c  for tncc ac a ~ ~ ' r c : p t c  boo 
been inve%t%gefeb,. Qu~rtsitcr, rfvor :;rt;vcla and 
porghyrhtio gkanite ehoula all bo sui%obls for $his 
purgooe, and klclequote s u p ~ ~ l l s e  of these P O C ~ B  occuc in 
the vic ln i fy  of 82te B. 

8. There are no reaa1Zy avaSlable Puppllee of natural e ~ n d  
along the Cotter Rtver Ln %hi8 aoea, but AhmSted 
guantitf eti~ oan probably be o'Irt;aSnsd by ocmaniw the 
river gravels Sn ,tho fJ;ete and ter~acea,. A r t  if tclaZ 
sand cou;td be prepared from guetFfiziCe by gkint i ing ,  
washing and scfeening, . 

In Itdovembei, 1946, f he Depactment, o f  FrJorks and Ilouaang 
requdsBed that a QeologicaJ, 3uroey be mBe 02 a seation 02 the 
Upper Cotter Valley in which tfi i s  proposed t o  con~ltruct a dam, 
Bour grovisf om1 e i tee  had been eelectted i n  1908 by surveyors 



of the Lerilaa Department af New Ssuth \Y,?~les, and thee& and any , 

other poebible s l t e s  were t o  be smmf nod* 

A prelfm%nat?y examinat ion, in c o ~ u n e t  ion wllf  h Mr. 
u Super Intending Civil Engineer of  %he Repardment of  

Works Thopnto% an Bouslng, waa made on 8rd Dclcornbe~~ Tho f i e l d  work was 
wxbsequeatly carried out by Messrs. Hoetkee Dhmfck an8 Eawkias 

' rho egcnt nlne dqys fn the area from 31th €0  19th Dccmber. 1946. 

Thle regs& doeJe with %he f;es&se,;g of ."he arotl smIQfaedl 
With special reference to pohlsibl~ dm silt;os, The ssotfsa on 
genorall geo;lo$y haa been made mere do%alle& %bay $,D ~ t ~ ; i o t $ y  
necesaaw f r o m  an eng$neerfng pain% of vkow boonuoo no prfi'ttfous 
@ologfcal work ha8 basn carries out in the nran, T i m  repr0 
$8 aleo $atended a s  a b a d @  f o r  future regional @orb; fn the area 
lying 'west of the ~wr\nubfdgee River where l iDt36 i s  known of 
f hc gjeologioal etructurs ;anb sf rat.igpaghioal Eacqatents, 

The CotCer Rtver f ' o m  p a ~ t  of the MurrMbidgea water- 
shed. It rlsea between Mounts Kelly an8 Bllmbari i n  mountwinoutr 
BountLYg near tihe eouthem border of the Tolrrltory, an& Plows 
north for about 2% a l e s  t o  iCe conf3tmnce w % t  h the Hurrumbid~gee 
10 msles meet of Canberoa* The eriettng &m~ l a  eieuated on the 
Coteep W iver about $4 miles f ran i t a  junothon wif h @he Hurrw 
bi&geec The st mf ch sf tb river whrlch 2ncluBeer the new .darn 
a i te8  estten.de over agg~oxlmateu 4 milea of the Uppec Cottar 
River, between Bushrangera 'and Collins Creeks, and due weat 'of 
MounC Tidbinbilla. (See Elate 2) ., 

Thics seatton. o f  the Cotter Vaaley lies i n  rugged 
cowtry i n  whicrPl thore are no FO~& or estzibllstmd f raob. The 
neerest road .is that; wtziah rune from Urtarra t o  Eifo~xnf ItPranklLn 
and follows the Cotter-GooBc~d&gbee ;Divlc¶a, Thfs road givee 
acsese f o the western eide sf ,the per Cotter Valley. A ~raded 
horse or traetor rond has been cons, "a ruaf od from BenUora, sr 
f sroetzy oamg 6 miles n o ~ t h  of Mow% Franhlin and about 42 mile& 
by road from Canberra, down a pl~amfneut s ur SnCo the Cotter 
Valley. ThLs track e d e  at  a hut about fhiholf a ale) weat of 
the mouth of Bushranger Creek anti approxlmCs3g 570 fsst above 
the Cotter River. Supaies and equipment o@a be taken an far 
ara this hut - by motor tr)uok t o  Bendora, thence by tipnstop'and 
sledgs down the gracled tmok - but bayom2 the hut trampbrt is 
at present limited t o  . p a ~ k b o ~ s e s i  Conof dcrabla df ff ioznltg woula 
be encountered i n  rnovlr&g pack horses dor~natrearn bud a pouch paok 
track bas been eretablishea qpst ream for appsoxltmatoly 2s ntlee 
$0 the mouth o f  Cow Plot Gmek an8 horses oou2d be taken farther 
upatreqm a t  lea& t o  the viclnttg of s i t e  D, A loaded gaok 
horse t&es epgroximtely 1 hour to  travel room the hut to Cow 
Flat Creek. 

The only baee map of the area available was the 
Feature Nep of the Austral &an CapZtal Territory, on a ecab of 
a l i t t l e  over 2 miles to  the inch, but ChSa, scale was too a d 1  
and the map too iaacrau~ato for use as  a baee map for geolofitoal 
work on the Cotter Bhver, A base mag of the rebevant secrtion 
09 the Cot tor Vstlley was theref ore oonetructed from aerial  
ghotogragh~ supplied by fhe Department sf the Interior. The 
map waa prepared dhrest ly from a i r  photographs, wfthout adJua~t- 
rnenta i n  scale due t o  variatiom tn togography, and should there- 
fore bo reg;.arded a8 a prsPIminary omr The scale was calculated 
$0 be 2,660 feat  t o  %he %-he 

The geology of the area was m~gped on t o  a i r  photois 
i n  the f i e l d  and transferred to the baee map which is reproduc!i!d 
i n  Plate 1, It warJ not posrehble t o  cover the wholo of the area, 
even i h  Feoonnaiesenoe, and the geolo~fcal bouncbries eetablished 



bp fle&d wofk were ex.t;cadoii lc i top by adudying th air photog~aph~* 
Boun&agOee Bet;erm;l ned  pros^ ~ k i i *  ,)i,satsgrti@he have been aoaot ed by 
broknn Iinoe on Paat;~ ,Z f ; ~  t2Bst"tc,~uaPsh thorn from botmdarfo~ 
estabIfc3hed by f 9eId Y J O P ~ .  

Prosgestiva &si r ;%%s~,  scrlecfioil f m 1900, as)Q show 
on Platie 1, ahti LotteslaG .Al 3,  CsD, f ~ ~ m  norah $0 B O U G ~ ~ .  On aocount 
09 the sclarcity W plaae nmoe f n Lho wee, % l t ~ ~ q s  afto e w i l l  
f~eq,uently bo wsd .in t h e  report as polinfa of p ~ f ~ r ? @ ~ ~ t  

Q@to%led plans sf the cote el^ &ver botrmn 
posskb&cs aities A and D had been compiled by the Eew South i3~lee~ Land 
Dsgmtmsnt in ,ZgQ8,, aM oopf ee of these plms vara unsd i n  
deba$S@d mapping along t h e  course of the dlvcrtl, Gutau~qd Zcvatfa 
far ;sin68 otz f h e  BPver axr?i i14; 6h0 GU-1 Q ~ ~ O O  nelr+o t , ~ k ~ r ~  gk'b70fi 
these plans and waed PQP C O P a c C G r u S  munoQsuu b ~ ~ ~ # o r & f ~ * b c  ~ L Y J V C ' ~ ~ G G ~ *  
Site B was mapped I n  &e%~.?-Sl;k b$ $ % ~ b i h ;  %.~'63.10 sac; B:;LL~Lw LUG E?I 
,detailed plan and section of ",IT  sit;^ ngg;sar. fa  iilii;;rj L. 

' ~ h c  ~ o i t o r  Riwlr f l o w ~  thPOuh t h e  rmialCoinoug 
country occupying t h o  m u t h o r n  .hd . f  of' the Awtsal lan UnpP. f ;~ l  
TerrfCory and bounded on $ha eaaf and nor.t;h-east by the ,:un?u~fi>ldgee 
Iiiver* There 58 az mrkod cban* f n topogmaghg ciO the h ~ ~ r m b f d g e e  
Bfvar, aonth of tho Cotter Junctdahl Uodera$ehy dissectoa uL32ands 
mcnr on fhe oaat#rn sido o f  $ha pbvorb bub give ww fo ~uggcd  
mountaan country O n  %he weat, Thie abrupt ohtu~, r i l t h g ~ h  p ~ i ~ t l y  

& t o  differentia3 e~seiora,  is geaeraX;ly acooyfad as elrnvilctlco 
of blook f l au l t i~g  u~h3.c k coLi..c~lcad fin, Tertf ary t;$r.;a. Tbc Gur;.;?w- 
bidgee: River i a  bcZfewo8 t o  ~sazk Lha &ran& of a n~goa! aopn~l  f~'t331; 
w$Ch the upthrown b'fsok $0 tho w e ~ t - r t s ~ t h ~ w o a t  QKI& the ~QIFP thiiosn 
black t o  @aabwmrth*aao% (Li~kFfStk Ta,ylor, h g X O ) ,  

3vor asat oP 9tia couree the CoCtar River lgoe  i n  
a vaxloy gsrge, 1~1th ti Rd wvc:'r*l~~:gp% ne B ~ U F E I  and ateop river sidlee 
cemon to yoa t&fu l  88;vua ..a, I h a  Bopogstapb l a ,  thorerotcer, f n nany 
paacas sm.ainotat%y aUitab3.s foa7 the  ostletructtion esf dm~. 
Havevet(, the fa&Z of the P % V O ~  26 ateeg, ~ngpx~x;OnfttsXy 145 f c a t  t o  
tho mi lo ,  above Buehsaagers Creak, end t h l a ,  in con m ~ t l o n  w i t h  
the youthful ua.X;Lsg, ~ i o a d .  LilmlC ti?@ storage? eapmf3, 3 $ QP the dam, 

T b  .straight no~rfhorly oowscs O$ the cot to^ divep 
has boon Ootominod ta~ttnly by the tx3s?ti1or?ly bt~ l i i iO  of t h e  meWmr$hlc 
r o ~ k e  rnhtuh S t  has ako&od and parSQ by tho northor%y Qrond ~2 
a mador fault  nhfch can bs %raged a2or1g t h e  oantnlct of tho vallsp 
fop at leaat 4 glj,lt38* 

The C ~ ? ~ ~ ~ % ; ; c a i  o i l i t s  nagged irt t h o  li;.,c;v Cotitor 
Valley f nc2ude g e % . k f t o o  f ' s a ~ i l  on $be ave~.i;e~n oSdc 02' t;4c v:.Pbcg and 
younger boas o f  qwi?%z;l$~, chtuh outcrop east of t he  i's:tor* -*4Svc2. 
Tho ~ u a f i t z l t a  fms boon  faulted dona i n t o  $he ghgll%$o LILOW tho 
Cottoa Fault, wh$oh, fn Xhfs area, cloasly follaws tho  coubboc of 
tho Cottar Rfvcr* Bofh phylkfto and quartzi*o have bean LnGPudod 
by amall bodies of granitas 

Bincc ao prav;lous goolaglc~2, Q O F ~  haG bscn 
carried out tln the  Uppc,* Gottar  Va210yp it waa neoosoarp t o  narim the  
igneous and, metam~rph%c uaPta tjh'l~h ~ U f c k O p  in tho P P O Z ; ~ ~ .  

Th.iil llnz >ova dorm tn a~socor8anco n l t h  thc ~ o t o u  
o f  alaasf f $cat %on and so~:,;,acLa%,~d' of pock unit a ;)popwe& by 
Gco&og$t"al. 80cLoC;f e~ %U iL:eiaict, i n  3.932 (Buf;ru~:i ,  1939). 



To avor8 etv i.@o:.Li'urrion, the unfes nappeti an8 
annlad clre set ou t  B Q ~ O Y J J -  

FrankS;ln fomt ioht  A formation of rnst=orphfc r>oek;u conshating 
of ~ t w b l f t e .  wAth aomo %u*bor~badde8 ~unrtre%te 
whi& h aularbps a l ~ n g  tho @ot~es4oodradigbee 
DiviBe slab on Qho weaterr? @idis 6f t h o  rf;rotfsr 
Valley f o p  b e e t  10 miles n o ~ t h  of Lount  
P~tankZi n. 

(ridbl.nb&lLa Qaxapt;pl,$t,: it ~%o~ai:;a$iau ~ U L A ~ O O O ~  oi' + L ~ i l ~ t ~ i t c )  n l t h  
pnps ~ G L X ~ L ,  $2 s_;iaic ; I f i c a / ,  uu ~ b a I . 2 ;  bh i c$  
~ ~ f ; G ; d d  U\?..Y C ~ Q  : ! ~ G t . 3 2 3  u%&;~c of t f a o  
Cs$i;e;? %r;~Xl~y L B  t h ~  vic%ciS,%y $5: LGutit 
T~dbinrSskZBa- The fozw6Loa o$:$enQc fop 
~t loaai; 5 .&lcu nortila cnG noad h of Lonnt 
Tfdl;lfnblLbn a& ha8 boon E ~ r a 2 t ~ d  daan 
aguf nej% % ho Pit&nk'3f n f sAlns&tf on ujlonc tho 
C o ' b t n ~  i?ao%%, 

Cow F l a t  granite: &-A ~,:;::crghyljies or @longatst;2 B ~ O C ~  oO$ bBotPta 
,~~:..;l%f;e ~ z i ~ i ~ h  'jtntmizdc~ %ha TSdhXnbhlla 
I ~ X L , . ~ ) ~ ;  ~f t t: C ~ ~ C P C ~ $  t h ~  Cotkekl diver in t hc 
.t-ltcfn;ilg of Cow PZa% G200kr 

. s 
(I> F%ank~"r.B's~~&ttrlkf~a - Thylbbte af %he BrauIxlf n 

Sor&Cion an& i r n t ~ u ~ f ' o o  R C ~ T L ' J ~ D  6~i3ilm the clntgz?~ weatern a980 of' 
tho Cottor Bitt63~ ~a%loy,-betr~ssa ~iwTGnngor(a and CoI&iela Creoks . on 
t h . e  caet gbyZL4ta 3s boundorit ahmylj: by .@ha cot ti^^ $ ~ u & t +  On the  
west phy'LLk%e ua.t;crfr.ipu owl Phu GOfiLs~40odradigbbe Divide ~ n d  un.Jaubt 
oQ1;g ~ o n ~ u e s  rft'~ssrtwtu?de tn%o the .easbe.~t7n w&de o f  fha Qooilrad%gbee 
va'L?.q~. Tihe Po~matioa a~iglxsally c=o~lsfia%eQ maf~tly. of shale, but 
f f has boea al.Zs,neQ f n t o  serfcl2o gtu/l'lfte i n  mhi.oh apaminttnf 
flow. g&agvaa baa 4igu"a d e v ~ l ~ p e d .  T ~ L S  ~ur?dy b0dB wepa fntorboctdod 
with %he @hale $3 aome placas and thuza kavo been oonvc~!Gud h u t s  
abeared % E W ? t ~ i t e r  f k o  i ~ L t ~ r ' ~ ; ' i ; i 9 ~  52 &LX $ U C ~ ~ G  Ail. ~d..,;;t+;Sy GUO to 

JC regfouaX m$la!%fJ~!phf ,%I biz& blae @rizi.t" 3S m u t ; ~ ; i X i ~ ~ ~ l a A o i i  a l c ~ t :  E;aPgk. 

2kai.i cLsfe.vi*e Or @chi  stiooitg i8 t bc promin~nt  
B ' ~ Y ~ U C ~ ~ P ' J  ZR t hf? -d&.Lk,~Co.. 2?h8 2~dahuion8hi.p @f' bedair% 20 6 3 c t l l B l 0 ~ -  
i-bg boterrvllnafi anl$ Ta a fbw pl-aceo. Bstuieea f he Gsttez? BPvsa 
aud t ha Qoo&raCi;tgb 9% WQe6 bedair@ an& strhf c$o0f %y apx~eared c o w -  
arabka Sn aCt~iBo  ad dig %& t.;ovaF.ls2 yba;ces but&& one poknt on the 
g~nnk31ir road, &oat 2 m ~ l c u  fiorth 02' 2ondo;.a, sahf g t o s i t y  d f g ~ e d  
83 dagmeo w m t ;  wi&h a nu~%h-eou-bb stpike, buf bodatuga, fnfth the 
eame stpike, dtgpoil only 50 wgrous so th~ .ws&.  

The ztiaikc '&be schlactosity va?%ui% Xf ftlo f~aou 
norti$-nou+.ih 10j all sf $;i;ij ~ i i k ~ b . Q & ~  %laat woato e;sc(rzrinud, aud dips ,  
ovsrc most o r  t hq woa, at;.iac c.bt~~kffit;ontly $9 thhs ~ ~ e a f :  at angles rang- 
f ng 'f rcm 50 to 60 c lu~~~eo- : ,  iBh;rf 11% a at &.ouat i&nea sn tho Cotter- 
Qooa:"uiZLgbeo Civi!Ja G%pi;o2d :..< i: 'hligh nngitz $9 tho csasl, however, 
alnO thoale waa cviiPt:naee 0.3 0':!20; % p 5 ~ ~ 0 8  t o  tihe n~k$ki $0 aUgg'9st a 
rctbt@s?olal af d i p  in %be olcbnft,;. u2' 9x0 ilhvLCl~ VJB'LCB xijay t h a ~ ~ f o r o ,  
X1e near the a;da aP a nn;jor aync1fs-w. 

9 % ~  ugc of' tho Eygnn&lic fopastion l a  oae knc~t?ez, 
but  by gsnara'l, ccsmgmf non ait  h roctra of kiiot7n Agd f n this ilonborra 
P i e % ~ ? c t  I; hey are ypvbif&lg Uf fLur~.un or OrdlovboRan. Tho closest 



co~riyurf son ie aff oadsd bx f ho Blotca and php1'12toa found sou$ h 
sf Quaanbeyan which ars known ta tso of Upper OrdaoPcf aa Age at~d 
sa t h i o  aceount a CantntPoo aetfmw20 sf Uppcz 0~dsvl.oban tig% 
,for $be, Cot%ele. ghy'Lli4,88 searau ~swsomble. Xo 2 ~ e o i l e  wars founcJ 

. during the reoen8 f t e l d  w o ~ k  and i t  l o  wbabla 'l;hat moteyas~ghiam 
haa Bda@ruysd a.ay Orrganitc natorlal la tho ~ o ~ k s r  

( 2 )  =nbilla.Giunrtaite - The T l d b l ~ b i l l o  quortnlte 
(am sum@ fliltilaeive g~ani8eT oocu~xl eo thts onQir3 unn.f;02d d Q o  of tka 
VabZay be$~veer~ I3ueh;caagers anCi G u t  L , P ~  O:-lseks30 ~ l n &  0xG~3ad.0 ~ ~ S Z U ~ V ~ T G ,  
f r o m  the Cotter iaerrt .bo a a ~ ~ i % a ~ %  c i i ~ h  g ~ ~ c t k t o  ~ > ~ J ~ L , ' U ~ ~ A Q ~ ~ C I ~  2 
mila0  enet sf 'bhcr Cot  ter-t;.~tGti$ l i3 L4.4a'~c;~ U i v i d ; i ~  

!j?ho f spmat P ~ r a  ap9~5nr111y oono,$.a%~oil, u;i: atladot s:ie 
wSSh wmcs cal~areoua pktsos ua3 n gaa $hit1 sh~blg b m i i ~ ,  T ~ ? c ) P w Q ~  
rnetamorphfsm prodwad by icdruaivc giaaa&$e hea &txrod .i;b 3;rsel.za 
$0 maanivc quart%% ts i n  abSch ai%%oSfab eha3.g banilri crzsa, Pn ptaceo, 
be dieaerrnsd. I n  muqy pxaceu aZ1 $~ac;t? o f  @ba ~~$&k"f'rlU;L b~Qd$z:-e 
plane8 has basa c~besurod, 'but f tr aoma outerape So4rillng aC1 a.t;i,ll 
df oa orukbie. 

5n f bf a ooctfg~n tk rwuk eorxelako of a mosaic of 
~c~cz?ye%rslliaeh ~twtg i t a  nl"tlic1~ waa6& ' of < i ; h ~  opigLnaP 8raSno can 
be reen, 3 o m  n@trunolrphic fiIPnsra2a b v e  besa ysod.uc~od, They 
oooupy in%ereti&ial ~peicou &n t h ~  Q P D P ~ Z  moaaiu anii constitute 
from 20 ZO 30 per cent,, sf 6Ro PaabS* I '~Q P O U ~  ~ d b w a  iw bSrect%ona'L 
s t ~ w b u ~ s e  an8 a%$e?raLis~3b LB %o be aCe;lpibu%ed t o  Cherml metmop- 
phiam, 

Tho ~-i*mt' 0 f  cio.i;wl?phim do@~e;aaos aw~lg from 
tke  ~rtar~ife croa~a~t ,  euta%sitc. Pronl s i t e  2, aome 680 feet fpon the 

a?aa%,fs corr%aof sh~w&IJi %ha bl;;.tics.t flra8s or" ~rts0ent3~gkli~m obaorv~d,  
g*bamDrpbic n3aoral~ irmLu8od chlorxtu etld a high-@o&u mete- 
wsrphio ~ P ~ L R Q P ~ X *  Thlii3 WR8 tl6t f B ~ ? t ' ~ f i % f i l ~ ~ ~  b ~ f  ZZi pe@;rembled ~ I l t e ~ o d  
b l l Q L S t ( ~ ~  A boui~ittet7 02 Q G ~ P % B ~ % Q  $ : ~ i  CQV (3rss8k shooed 
n cmpa~nt i f  ely high gr'ado of thoma& meiamo~ph$ ma ApproxWat cl.y 
3@ oent, af *the rook cone9steJ of ~ 1 ~ f i w o ; ~ ~ p t Z i ~  ~ r i ~ a r 4 1 0  
f arcl,&ing chlorzdtts a128 a mfriopal ahiotl 1~~s'i?abla 'baLo~?o "e the 
apiaoBe g ~ o u p .  iCinstRsr boukd@r From tho same m u p e  G ~ Q W ~ P B  a 
lower4 grade o f  arirtanrorphf,~;m in mhloh ah&orlte appeax-gd ?;Q bo the 
or&y mat~1illw~phbc miimsal prodtuced. .an s o w  pZacero rzdJol~nir~ the 

, granito cantac$t, notably at aultio A, intones sfELcBt".LoatSoa ~f t h s  
'gurmrBrtSte h e  'eakotl g k c e  and t h a  rsb3 haa beau ~snvv.z'$od iu%s 
mas&ivs gawtz. 

!the p w h k b i % ~ % y  UT eC;l,ctw~Bis r07j:T~! OC@UX*~I~~ 
in ijhe TEBhBubill& qtaasr%eL%cxi aaxdni:2,nGs ji~-,aairt'& e w s r ; ; l i l ; . .  a inco  
the  ppesence aQ ebeea eosk:ro niighE; gbvs y f  so t o  sonaj.umf; eni:i .n~i3s'i~~ 
ppobkme, The p1?0 8~;3Wf~ Of Q ~ L C W G ' O  us uariCh%or~~ atxi ;)osai B3g 
Xfrnoetono. on e e ~ h l a  Bwfaoaa in the f"ormaf;Pon baa Aeca fnforrod 
from $he @ppea~;iaaao of the s;)ocka sxpof?o0 i n  tad  :liivo~ q.2 nssrCLle 
apetres,m P k ~ m  8%BW Od 

Ssla@f;ed ogec $.rdara@ of gu~r%1;3t 0 53~3rn tb%,i7 
&ocaLitg saw @dr;jeotad -Lo ytzarr%.lhaQLvo aoid LuaOa, whfoh i7ouI.Q 
rckrlovc any ~ a l c i t d ,  solstnL$o OF 2 ~ w n  uxLBea gir7eaerit. but tho 
h'ighoaf; lo@& b3* wolu.i;.&o;r S~~.OQQ%Q& $0 01La.y P8P urront;. PurthOr- , 

more no oafeoias c)suEQ "L>o ci&scs.%t~lod i n  %hi& eacflons, Similar quanta 
i tnt fvo  t e s t a  t i ~ s ~ e  a a ~ ~ i c d  at?,$ On 8 8 f ~ ~ 8 ~ d  f ~ & $ u ~ n t ~  o r  qglr~art~Pho, 
w i t h  a Bolomiffc apycarl.pazcc:, "ckm fr?W ~~EIVO:I;EI a$ ffho nsuth of 
~ o t v  FLat Cnssk, but; %?rook: o;axm& ta mxlrnm loso by eaolutllba o f  
o n l y  2.6 pep con%, I 

Ak6kocigh tifnorc my ha t b t l  oaScursous ban68 i n  
the TiBibitabiZfa c,ua~t;Si"lf.f;e thepa $8 no sv%d.oacrq of 9f~niTicanL bede 
of 2fmn~stono, Eo oav0.s or, ecalbut%r;ran h o l o ~  were ~ 9 u c ~ v t  d end no 
fno~~at ,s%ioas  of arg alrzlt wro wC& fn 8a;(y h $ ~ s r ? ~  ckarr~ole or 



around po~ls in quartzits asuntry. No boulder?@ ol Zfas,ostsne asps 
obaerved i n  the 8% r b a 3  @O'BB%S exmf ~ 6 , ~  

2150 2iQb k,;.ibf lla guartaPte has b olsn gan%Zy Colded 
along a north esu$h uxka i;ll?dr dfpe eonaiai%ent;ly t o  the wosQ at 
anglee ranging f r o n  If) t o  I;a Qcggeee a& averaging 20 ta  25 ilogrees. 
The examfnatf on o f  f he u ~ a ~ ' : ~ i t ~  wa8 admittedly a owssry one 
and bedding could rarely Idd: ( B ~ S C Q Z Q O ~  b ~ a  there tvas no evldonce I Of a ~@werrad of dip  c L ~ ~ O F  ti1 t h~ OU o9OpB exmined ~ 1 ?  Sn tbs 
asrial, photographs 02 t h s  aL80u* T Re quartzite wae rilbx,ngIy Jointea 
after afliclfiaa0f on and waoB of t h o  golnt plaaes @e vos(tfca1 
or BteepSJr l a ~ l f r i e 0 ~  

814iglh4; c;sb.ngoe i n  s truct;uarco uaro oboerverif i n  
place@ whspe the guartsifo $e~mLfia$ae @a$t~sC the  Cotter PauL't, &a 
Etome p'kaaas, asbebly at  aiLe fha a p  atoepsna ohoao t o  tho fa@.% 
and many reaoll 40 degrees, but at exposwoe between @rife$ G and 
D, the quartzite has apgaront;fy been drwg,od Up again@* the foul% 
enU become8 horhaontal, or evon dipa altLghtlg t o  the oaot, within 
60 f e e t  of the TauIt. f n  t he  oio%nf$y of o l t e  C, aha cjuartsito 
ehows more ahs\ttering in pr9~1lmitig $0 the fault  than aLoaahsre+ 
The rolatfonehfg of' tbo T~Qbit1brL;la tluai*%elto 'Go ~xwl-;~ oP k~lGnrm 
age e2eewhere i n  'Ithe Canbtwoa d o n  i!ai;; rru% bcoa do to~ , . a i ac~ ,  DuC 
the ]Comation i s  probably cxf Udgc?;' %2wPasn or 3 c v ~ a i ~ t l  

The fgrmsoua roc%@ fouaQ %a f;ho aPoa e-;a.roAot of 
two segarate inOrueioear f iao Bondera @anile a08 $ha Oov pixi% 
granite. 

(1) Be,n&ora Thle granite Outorope On the, weatoa?n s ide  
. of the Cotter a l  og midway between the Cotter R f v e ~  anb the 

CofiLcar-QooOcaBfgbee Divide, XO outclrops ae a lantiaUlas( naso 
agpl~oxlmately 4 ntlea Ion$, nf th  a mrwrimum wfdt b of X$ nflea, 
It i s  ealongafod i h  a north-south &irecbion, anb appears t o  bo 
generally concordant with  %ha ~\trUcu%u~e of the phglXilteff, 

Tho 640~1; $0 a bhohite, granita cow83i8tflng sf qua;?- 
%e, : ~ r t h o e l a ~ e ~  a P S t t l s  gbe~:.haclnw (mid andeeine) anil BiotBCq, 
No ferromagneaian mineral o t h u ~ ~  than biot i te  haa been iound in 
the rook 

Jn hand a p ~ ~ i t r n ~  tihe J ? O C ~  ehma SnoPpiant 
gneisafc bandtrig an8 f n t M a  eectfrsn 6bt;ve fum)thcrr evldence of  
strain in broken and rat~.lafln@Q Q U Q P ~ Z  ~rystnla. .  

Tho intrusive l a  probably a aPb1 or alorqp!xd 
stock* and waa Pn.t;@udsd at a %$me when s@reen we e t i l l  ogoratafvs. 

(.2) Oow Flat CICpartfte. Tha COW Fla'G QranOts outoropo &Qng or 
adgaaent $0 the Cotter Rlive~ between ahtore A and C* The grmf to  
f orme an trremsr lenttcuZa~ intrusion into tho %Yc%bf nbrll'la 
quartzliter f t  Bra elonga%ed Trr a nar8ti-south d l ~ u o t i o w  anti p a a y  
trunctafeb on the wastiern a4do fsj t;hc Goliter &'~1Cii8. Ybo outcbt~p 
i s  a liOtLe over three mSEau 10% uau np;Ro tip~~~~sz;LnaO,aly 2 ~ I Q  
wfde, t 

Tho int~4fn.aiote c~rlfihate mfia&y sf acid Dio4bPbc 
manP+e, i n  whfch most o f  $fns, f ehsgap io orthoolaao anQ. Lhr: Q E ~ P ~  
f erro-magnesian mineral PO B f  b t P t o c  Po~phyrf tic) mani$cl, v a t  h 
prominent crysfails o f  quart%, falagar and biotf t o  $e COL-osn, 
partioularly near the wrgfns o f  $he flntrusfon. Unliko %bo 
Bendora granite Qhe roctb; t s  masaivo and has no gr~oSoelo %rtndPk~@. 

At s i t e  A f he @ow P'LPaQ, Granite is oa&y 1,060 feet 
wide aQd dip8 weat wlth the  ~ ~ a r t s f t e ,  but neas? s t t e  $ i s  &ppr~;g- 
Prnata3.y $ ale w%da, and the aae* WQIT of the wanetie appca~o t o  be 
vertisajtr 

An + ~ r o , u l ~ b s  tongue of granite extende up Cow 
i?l& Creek9 eashard f a * s k a  khu Gmfn body, l?mthop a 1 a & ~ e  
13QE18 



'of very ooarsegrained b i o t i t e  gran i tb  .outorops about . t ~ ~ o  miles eaa t  
of Pount Tidbiabil la,  i n  the PoBdy '8 Bivor Valley, sad &tends east- 
ward t o  the  MurrumbiiQee River. This c¶istrlbutfon of b i o t i t e  gran l te  
eost 'of  the' Cottell River indioatee tha t  the  Cow Fla t  grani te  l a  pro- 

.bebly a m3or apophyels or  stook-like inatrueion aonneotetl I n  depth 
wi4h t h e  ba thol i th  tha t  o u t ~ r o p s  t o  the. east. 

Tbs relationship detkvcon the Bendore ,g ran i te  cnd t h e  Cow 
Biqt grani to  is obaour'e, bu t  the  chemioal and inineralogloel eimilarlp 
of the two i n s t ~ u s l o n a  and the, aaaitodg of the fault indloete 
t h s t  t h e  two grani tes  may have been part of the same in'6rusion before 
fau l t ing  hook glace. Burthermre, the differenat? i n  s t ~ u ~ t u r s  an8 
texture between the  two intrusfons suggsato tha t ,  i f  they were con- 

. , temporaneous, t h e  Cow FXa% gran i t e  ooaaald~ated a t  a relatlvelg.  highs 
l eve l  i n  the intruded rooks, The ege of t h e  greaites fa  not known 
but i t  seema 1tkoI.y that they nere introduoed l a t e  I n  Devonion time 
when mador greni t io  intruadons are known t o  have taken glaoe. 

D* STRUCTURAL G)EQLOCIY. I 
6 .  

(1) Qenerel The area exsminod is too small t o  provide an inter-  
pretat ion o?, t h e  broe& st ruotures  t o  the  Cotter River District. , 

Hoi~ever, it appears t h s t  bodies of gran i te  b v a  been lntruded .through 
older leteeplg foldea p h y l l i t e  of t h e  Franklin fbrmation, i n t o  over- 
ly iag Beds of sandatone whlah w e ~ e  Oonvertsti i n to  the Tidbinbi l le  
quar t a i t e .  Bubaegu,ently a m e r l ~ l o n e l  Pault  developed, wbio h oaueed 
downward movement of oonsidereble magnitude i n  , the eastern blook. 
Subsequent erosl@n hno apparent lg removed a11 trace of Cha quarta i te  
on t h e  ugthrow bloak, imiediatew west of t h e  f a u l t o  and hae leit 
quertz t te  abutting phyllite,  along the oufctrop o f  t h e  fau l t .  

(2) The Cotter B ~ u l t .  The Cotter Faul t  l a  the  mst importent 
s t rua turn l  fea ture  i n  t h e  are@. Tho Pault  ,has been traoed from s i te  
A, near t h e  month of Buehrangsl~a Creek f o r  about 4 @ l e a  t o  t h e  south 
t o  a . p o i n t  about 4 mile north of the  junotfon of C o l l i a ~  Creek w i t h  
t b s  Cotter River?. Over most of t h i s  d is tance the, f e u l t  lie6 along 
t h e  Cotter River Whoee oourse and posit ion hae largely been determin- 
eB by t.ha l i n e  of weakness provide& by the  f eult. 

I;a vlew of'  t h e  importanae 08 t h l e  f a u l t  i n  the  aeleotion 
of dam 8it;es i n  t h e  .area it t s  80 well t o  sta te  br ie f ly  t h e  geologia- 
a1 facts mhlOh indioete t b s *  f au l t ing  ha8 taken glaae.  These my , 

be sumrmsrlsed as follows - , 
(1) , Quqotzttcs Btpptag at  25 degfecaa t o  the  west outoroge on the 

eastern s ide  of t h e  Cot te r  Valley, but, a t  t h e  f a u l t  l ine,  
about p h y l l f t e  whloh dip8 steeply t o  t h e  weat. . 

( l a )  where t b e  eontoat between t h e  two formotions is  c lear ly  
epgossd (notably 4 mile south of s i t e  A and a l so  & milee 
,upatream from a$ te  o), they a r e  separated by a zone of 
ehat tsred rook up t o  120 feet witle. 

( 1 i l ) ~ h e  traoe of the  aontaot of t h e  two forrnatiooe on the surfaoa 
ie vi r tua l ly  a s t r ~ l g h t  1% ne regarales8 of togogrsphioal 
r e l i e f ,  in8iornting %ha% the oontaot Is olose t o  vert iaal .  

( i v )  The quartsf 06 shows' a l te ra t ion  due t o  moderate thermaZ 
rag tamor'ghlam - the  phylliter s how8 a l t e ra t ion  and atruaturas 
predomf nantly due t o  moderate r.egf onal nwstamorpblsm. 

! 
(v)  no quar tz i te  referable t o  the  TiBbinbtlla ~ u a r t s i t e  has been 

fsun: 'west  o f ' t h a  f a u l t  zone isad no phyll i te  has beenfoun8 1 
east o f '  t h e  f a u l t  eone, j 

(v l )  The Cow F l a t  g r s n i t e  which iotrudes the Tidbinbll lo quar tz i te  
has been trace8 up to, bu t  not across, the f a u l t  zone, nnti 



no def in l t e  ooataot mettlenarpbio effeota hsve been deteoted i n  
pJy11ite  of the, Fraaklin Psrmation edjeocsnt t o  t h i s  gtanite. 

A s  already indioeted the a l p  appears t o  be ver t ica l  
or very nearly 80, and t h i s  euggeratq a normal f a u l t  mhioh probably 
d i p s  v e ~ y  steeply to  the east. The thpow of t h e  f a u l t ,  I.,e. 
t h e  ver t ioal  downwar8 displaoemnf of t h e  Boanthrow blook, oannof 
be determined, b u t  t h e  faot thati no Tidbinbil le quer tz i te  ha6 
yet  been f rund i n  the Cotter,Valley vmst of the  f a u l t  suggeets 
a throw of considerable rnagai tude. 

The ago of t h o  Cotter Fault hae not been established,  
but  i t  i a  probebPe t h a t  major movement o mmenoed i n  Tert iary , 

time, sad m s y  have been roughly oamtemporsneoua w i t h  movemento 
along the  hlurr urnbidgee and C u l l e r i n  Paul ts, 

T h ~ r e  f s  no marked t ~ p o g r ~ p h i ~ o l  sxp~oaeion of the 
c o t t e r  Poult, b u t  t h i s  may be occouated fo r  by t h o  differenoe 
i n  the ra te  of erbaion of: pbyl l i te  on the upthrow bloolc, and 
guar ta i te  on the opposite stde of the fault. 

The problem involved i n   electing sui tab le  dam a i t ee  
i n  the Uppep Cotter ares, fe l l  inOo t no  groups reg ioas l  problem8 
ivhiob apply  t o  the oroa as a shole and, therefore, effeo . t  a l l  
p0~3slble dam a i t ee ,  and lo001 problem8 whioh spec eoncorned w i t h  
bhe de ta i l s  of the in8ivld.uel 'sites. It Is progoaed t o  deal 
f l r a t l y  wi . th  t h e  regions1 problems before diecuqaing t h o  merits 
of individual si tee.  

Regf anal Pr  oblema. 

(a) Seisrnla n c t f v i t v  - The s t rotah 94 r ive r  i n  o h i o h  1% 
is propoaod to  b u l l &  the new darn l i e s  adjaoent to  the Cofter 
Faul t ,  and i a  eapproxi&atel;\t ,12 'rnfles aeet  of t be  supposed 
idur~urnbtdgoe Fault. It i s  therefore obvious that ,  i f  move- 
ment took plage along e i tber  of theee fau l te ,  ear th  tremors 
would be s e t  u p  ivhloh m i g h t  eff eot  t h e  s t a b i l i t y  oi? eff'icl- 
enog of 8 retaining wall. Furthermore, oomgaretively reoent 
f a u l t 8  ore known elsewhere i n .  t h e  Canberra-Qoulburn d i e t r i o t ,  
auch se the C u l l e $ i n  f a u l t  a t  Loko George, and the d i s t r i o t  
l a  subject t o  ocuaalonel ear th  tremors. 

The gusstioa of epicentree of oeismio aot fv l ty  Sa t h e  Ax&- 
: : , r o l i ~ n  Capital Terr i tory has been referred to. Father 

OtConnell of the Rivorvlew 4bsorvatory , a t  Bydney, but unior- 
. . tunately h i s  report w i l l  not be available fo r  some time. 

' . . The following remarks and oonolusions m y  therefore require 
oome m ~ d i f f ~ a t i 6 n  %hen more detnilodl I nfsrmgtion 9s sveilablb. 

The only information on .the psait lon of epiaoatres i n  
the Conberrs-Ooolburn d i a t r f o t ,  eRnenrs on a map publlohed i n  
1910 ((lfr ifff th,  Taglor, 1910)~ Ibis. map ehowa 40 epioentres 

. w i t h i n  a r ~ d . i u e  of upproximately 70 miles of the  Ugper 
Qotter  valley, but  t h e  numbol' and intensf ty  s f  tremors whfoh 
have originated from eaoh egioentro is not shown. Sixteen 
of t h e  70 opioeatres .are 8iat r ibatet f  a r ~ u n d  Lake George, 
and f n the area betwgan llske aeorgs and the Capital Territory.' 
Four epicentrea ore shown dis t r ibuted aloag or cloee t o  the 
Xurrumbidgee Valley for  app~oximotely 50 mils8 nortb of t f$s 
Territory, end 15 egiaentrea are shown around the,  head 6 
of the Pllu~rurnbidgee and Ynown Rivers. Three egioentrea are , 

shown west of the Bdwrrmbidgeo near the lower Q.ooc¶raBigbee 
,River, saB two ooour fapther nest i n  t h e  Tumut Valley* No 
epicantres a re  s h ~ w n  w i t h i n  the bounderios of the Territory* 
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However, einoe the nearest reosraing eeisrnograpbs were 

i n  Syanoy and Melbourne the 1oaa t i .m  of Bpioentres i n  t h e  
Ganbenia-GouXburnn d f a t r i o t  was probably eub3eot f o an error  
of up t o  20 t o  30 miles or more, anB the map of epiccatre8 
referred to  above, therefore, neg be inexactt. Even i f  allow- 

, . enae be made for an error of 20 to, 30 milee i n  the poaltlon 
of. ~IerenCros on the mag, there  ere o n 4  SOUP. egfcentres 
whoee oorrect  position might 110 in the Australian Capital 

, Territory* Two of thsree oould be plaoed i n  t h e  YurrumbiBgee 
Va.lley, one i n  the ,Cotter Valley anB oos ,soul& be plmed 
i n  e i ther  Valley, 

a The o ~ k g  c6nalueioae whicrb mLght be drawn from G r i f f l t h  
Te$lorVa mag are  - . 

(i) Seiamic dletuabanoes have originated i n  t h e  
Canberre-Boulburn distrlot f n r e ~ e n t  years s nB 6 imilar Bie- 
turbanoes muat be expected i n  t h e  future, 

. . 
( i i )  From t b dis t r ibut ion  of eplcentrea i t  agpeera 

that  ear th  t ~ e m o r a  a re  more l lka lg  to or ig ina te  i n  the Lake 
, Qearge dlatrciat or i n  the headwetere of the '3nowy and 
, Murrumbidgecb Rivers then st say other  placre w i t h i n  a radiula 

' of 100 milee of Canbe~ra, 

( i f l i ) ,Egio@ntres  showq near the heat3 of the Murrumbiagea 
an9 again along t h e  Murrumbldgee north of t h e  Capital 
Territory euggest t ha t  ear th  tremors may orfginate from the 

. tMurrurnb.tdgee f a u l t  zone, p a r t i o u l s r l y 8  the north and soutb 
of the.Tsrri tory.  . 

( iv)  There 1s l l t t i e  or no evidenoe t o  indioete the t  
. ' aefarnlc diaturbanoes have or?igina.ted from t h e  Cotter fault .  

The o nly5nformatloa a t  present available an the inten- 
91ty of the  tremors s h l u h  have oocurred i n  the T e r r i t o ~ y  Ls based 
on verbatim repgrts  by several residents of long atanding. Earth 
trernol?~ were felt. i n  Cen'barra i n  19903 1934 and 1944. Al5 aC 
these tremors were agge~ent3y of low fntenalfg and probabu of 
%he order of 3 on the Roaal-Fore1 sealer Theee tremors bave 
ooourred sf noe the present Cotter dam was oomgleted i n  1915, an8 
bave apperently crsueed ao damage. The wall of t h i e  dam nw 
shows some horizontol aod vert loal  oraoks, but  t t  l a  .believed 
t h e t  seiemio ao t iv i ty  has  not been a faator  i n  t h e i r  formtion.  

The uoncrlusion is therefore, reeohed that  the Upper 
Cotter ares will undoubtedly be sub3eot t o  .earth tremors from 
t i m e  t o  ti=, Based on ersperfenae' over 8 l irnitea ,period, tbeee 
w i l l  I n  a l l  g r ~ b a b i l i t a f  be of low 'fnteneity. A major earthquake 
ia, of oourae, poeeible bu t  there is no reaord of s-uoh an earcthQ 
quake I n  the hiatory of' t h e  Territory. 

I n  vaew of the exgeoted low intsnei ty  o? earth trernore 
and. the r s le t ive lg  small s i ze  of the  darn t o  be sonstruotsd, i t  
sbould not be neoeaeary t o  uarry out detailed aeisrnfa l oves t i -  
gations of the foundation Poaks. However, the &ern should be 
b u i l t  3n a so l id  homogeneaue rock formation t o  mtnimiae sbook, 
andl should be glaoad a t  as great  a d i s t ~ n o e ,  as paaaible ii?om 
t h e  Cotter fau l t ,  fo'avoid bui ld lag  I n  shetterod rook. 

. (b) a c ~ ~ a n  awe t o  Watcsr A~QP@KS.  

If e dam is construoted a t  any of the possibl& s%tee, I 
a body of water w i l l  be impounded i n  t h e  valley for some miles 
upstream from the &amb The rocks unG~rlylng the  storage ares  I 

w i l l  tbereby be. subjectsd t o  e loading whose rnlagnitude, a t  an$ 
one placo, w i l l  (iepend. on the d e p t h  .of Lmpounded mater. The I 
metxlmum loading would narnoallg ooaur on the fmmeaiate upetream 
s ide  of t h e  dqm. As a result of t h i s  loaang, s t reeses  dl1 be . . i 
s e t  up I n  tbe unaerlying rock8 \ivhFoh my cause t h e  otreta %o I 

,bend on sn exoae'&i~gly small soale. , 

I 

. , 



. Bvidenoe obtained in the Burrinduok storage ores indl- 
oates  tha t  Bending or  same verg small defleotlon o f  s t r a t s  gro- 
babw does take place ,under water 10~82Oge A t  B u r r  injuok,('l three 
pentiulunrs were ins t a l l ed  i n  tunnels in- tbreo positions near tbe  
edge of the impounded wster and continuaue reoorde taken of t he i r  
movements over s.t 1oas t . e igh t  mnthe, '11 three penduluma showed 
some mvernsn88 wbioh opFJeare8 dependent on t h e  r i s e  and f a l l  of 
weter i n  t h e  &rage area (Cotton, 1919). Furthermore, the depthe 
of water a t  t h e  f.irne of'the obflsrvetions were not great  and ranged 
Prom,22 , t o  80 f e e t  above. t h e  olB stream be& 

%&her 
vlded by selsmoldgi 
the Boulder Plem i n  

evidence on t b s  effedt of s e t e r  loading ie pro- 
oa3 reoords taken, over a pepsod of yeare, a t  
the Untl;ed Etatea of Amerloa. These  recrorde 

show o large number of very a m 1 1  shooks which were almat 
' csrtaftaly @oueed by small aaJusOmsuta in t h e  a t r a t a  due t o  water 

load1 ng. 

If there were no adverse geologioal s t ruatures  i n  t h a t  
portion of the Uppap Cotter valley under Bisouss-Lon the e f f e a t  
of' Ionding by Lmpoun&e& water ttbuld, be BSemiesetl as inaign$fiuant, 
but the presetme of tbs Cotter f a u l *  and t h e  fac t  ' 0 b s t  t h o  a g h t  
of irng~uncled water will f e l l  on the &ownth~own black adjaoent 
t o  t h e  f o u l t  makes t h e  gaesti .un worth oon8i216riag. It $s aon- 
seivable t h a t '  if the f a u l t  blooks involved nere not i n  equi2ibriump 
but under oonsi8erable stpeso,  a vary small addit ional  s t r e s a  
ruight bsnst i%ute  s tttrlgger' '  so t loa  and. otluse s l igh t  a@gustmante 
along the fault. The resu l t ing  earth tremor4 rnigbt be too small . 

. t o  damage a t c u c t u ~ e o ,  buf any moverneat along t h e  faul* might 
uause aeriaue l e a b g e ' f r s m  t h e  storage aroa. . 

The preesure on tho unaerlging rocke exerted by t h e  
impounded water a t  any dne place  oan be ~ e a l a u l a t e d ~  bu8 there 
i s  ao .way i n  nhioA t h e  effeclt o f '  t h 1 8  pressure oatJ be aoowatelg 
a88eaeeclr Hob?&ver, t n  view of tbe leak of dfreot  evidenae of 
instabi l%ty i n  r e a e n t  years, an8 t h e  osmgorativelg amall area 
over abioh water will bs Impounded, i t  f e  unlikely t h a t  the 8troeeeB 
set  u p  oould be auf f  IcfeoO t o  oause movement along the  Cotter 
f au1.t. . . 

(a) &a~etane, O P . ~ I R ~ ~ P  from the S t o r a ~ e  Area*, 

I n  general, water mag esaape Prom a e tsrags  area by 
obennels groviaea by foulCs or joints ,  by aSnk boles and solut ion 
eevl t iee  developed in rooke such ee limestone, anti by ~baorgtion 
tn to  dry, prooue a t r e t a  f a  sraao where the a s t e r  table f a  sell 
below t h e  level of the  impounded water, 

If t h e  proposed dam 1s oone truc te~  rrt e glaoe between 
- t h e  mouths of Bushrangen an8 Colllne Greeks on t h e  Upper Cotter 
River, t h e  storage ares iavalvcsd w i l l  not iilobuae any s ignif loant  
t h l ~ k n e a s  of 1 ?  s t r a t a  i n  v~kicth s o l u t i  on cbsnasls ~ o u l d  Bevelog. 

Signif icant  loes  oi v~ater is l i k e l y  by absorption I n t o  
e t r o t a  ouCoropping on t h e  valley a l d o ~ .  The present water tabla, 
would n ,rmaDy be a t  stream level ,  or l i e  a l fgbt ly  below 'it, and 
slope upwarde from t h i s  level  a t  sn 'angle aomewhat Power than 
t ha t  of the valley sidso. A amall 1086 .of wster Prom the storage 
area rioulB reeult i f  the level of' weter in ths sforngs rose a t  
a greater  p a t e  than tha t  of the  s a b r  tsble. VdaEar k?oulB t h e n  
pass i a t o  the ndl j~oent  rocks, partfcu1arl;y i n t o  t h e  phyllite,  
u n t i l  the  l e v e l  o i  the weter liable was ~@i88a  t o  . ,that of the water 
impoundede However, loss of watos from t h e  s torage,  i n  ndrml 
seasons, should be .tomporarg and rela t ivery o;mallr 

The psseibifiLy of water esooping 'by f o i n t s  and f a u l t s  
is more csrlsue. doth t h e  quortafte end tbe granite are 3ointeb 
an& water i~oult3 .tend t o  penetrate 3oint glcnes ancZ p a r t i  oularly 
those i n  tho quactsfte., These goLnt planes are not bontlnuousl 
open orsaku, bowevet, and loas by' t h i s  means, ehsuld be negligible 
exoept, perhaps, a t  .the dam s i t e  I tselP* 
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, . .On t h o  other hand the Cotter? faillt  might provide 
ohanqels along whioh s igni f ican t  leakage oould take plaoa, 
Regardless of where t h e  dam Is ,pkaotsd l a  t h i 8  eoctioa of t h e  
river-, some water w i l l  be impounded over portlone of the Cotter' 
Fault, an8 leakage might take glsce into the f a u l t  zone, or th to  
the  gone of sbat tsr ing whtob, I n  .places aacompaniee it. T h i s  
could eventually inoreoso the  pate bf ~ ~ r c u l e t i o n  of metaorio 
water alreetiy ocotrpyilng I ~ t s r e t i t r S a l  sgeces slong the f a u l t  . . 
zone, end l e a 8  .to the devcslogment a9 springs along the fault . 

zono, outside tha etosage area. ' However, there are probably no 
o ~ v l t i e e  or aide craoka along the outcrop of the  zone; and, 
therefore, wator entering I t  would have to.8oroe f t a  may through 
very small ogonidgo against  the  pressure of the meteor10 water 
whioh those openings already ~ o n t ~ i n o d ~  Under these uon8i tions, 
$he Poroe ~f p i c t i o n  mould grer t lg  re8uc6 the i n i t t e l  pressure 
of the 1n;lgounded w a t o ~ , ,  and t h u s  restrict Its ra te  of entry , 

i n t o  the Bone. 

 he amount of 'netor nhiob 6ould pass i n t o  the f a u l t  
aone and escbpe Prom the storage nould 4epend on the ecab w i t h  
whioh it. aouLCZ .enter end cfzlculete along the f a u l t  zone and on 
the  bydrostc3tIo head ~ p e ~ a t i v e  betneen the pointa of intake an8 
0tltlgt. ' a ,  

Bleld evidence provides tno aigtaificnnt focta bearing 
on 'the cfraulration aP vater along the f a u l t .  I n  .the f i r s t  pleoe, 
no eprings h s v  been found slong t h o  outcrop of ' t h e  Rcult or i n  
I t e  vfc&altyi  Mmittodly, tho Inspection was made after  several 
oomparatively d r y  seasons .and no aprfngs were found s lo~where  
I n  the valley, agsrt  from one a t  sandora, cloee t o  the 'otter- 
C)oodradigbeo. divide, (see. ?bt@ 1). However, the absence sf 
epcingg from the Paul t  'zone mans there is  no d i r e c t  ,evidenoe 
a t  present t o  euggsst f r se .on8  regular rnigrmtion, of w~tetr @long 
t h e  fault., , , 

I n  the sooona glacs, tRs tightnoaa af %be f a u l t  cone 
var ies  tllong 'the otrtke sf  Lhe f a u l t *  The f a u l t  aone bas been 
eroded more e a s i l y  i n  ooms plsoee then in s thore  and the relief , 

of the f a u l t ,  ehould therefore* re f leo t  the degree of compaction 
of t h e  f s u l f  zone i t s e l f .  The best example of t h i s  ouours down- 
etrearn from S i t e  D,, where the  r iver  follows t h e  Paubt zone f o r  . 
half a mile and theh swingo shmlg t o  t h e  east  i o t o  the quart- 
z i t e s  above 8% t e  C. . The f au3t aone i a  expose4 on t h o  bend of - 
the  rAver, and ie approximat,e.ly 120 f s c t  mi&. It c o n ~ i s t s  of 
fragments and blacks of quar tz i te  and phyl l i to  i n  oompaoted 
,clay an8 s o i l l  Penetration of t h e  quertpitos by the rltver ~vae 
no doubt onoou2ages'by joints and shattering, but  tho f a u l t  zone 
mr-tot' n~vorthelecso havo grovfded gk,eetor rs&lstenoe t o  erosion 
a t  t h i n  p o i n t  , t h a n  f t bed done fa r ther  upatreem. bi similar  
exmple of d i f f e r e n t i a l  orosion of the f a u l t  zone ooours a t  s i te  
A 

Thus, t h e  fault zone is t i f i h t l y  oompnotf$i, q t  leeat 
near t h e  aurfeoe, i n  those secti,,ns where the Poult l e a v e s  the 
atream bed and ou,tcropa eusosa apure, but i s  l e s s  well oomgaute% 
along those sections of t h e  f a u l t  ahioti outorog I n  or ud3aoent 
t o  the  stream bed and a t  s e l v e l  oomparable a i t h  that of t he  rhver, 
jeriours leekage in to  t h e  f a u l t  .zone i a  themfore  most lil$c)y t o  
maour i n  those sections whsrc t b o  Pault ou to~ops  along t b e  rivor- 
above e t t e  A, i n  t h e  v iofni ty  of tho Top Flats,  and again sbovb s i t e  
C. The chance8 of" leakage ag?ear groateat In  t h e  l a a t ,  seotlon, 
aBr>v@ site, 0, .an& par t  or 811 of t h i s  would underlie tihe aatar 
irngoundea by s i?e alnfng ~~3.1' a t  s t t e e  B, O or D. If nater were 
irupvuadcd by a well a t  e i t e a  B or C, leakage along the fault 
.mfght ba prevented by t h e  re1etiveZ.y t i g h t  f & o l t  gone i m e d i s t g l y  
north of the  crf t toa l  qeetions, but, if  l e a k ~ g 9  d id  o d a u ~ ,  t h e  
most ZiWy plaoe along t h e  fault .for escaping water t o  emerge . 
would be klong $he f a u l t  I n  the viulni ty  of the o R a ~ p  bend i n  
the r i v e r  2 m l Z , e  .below s i t e  B.. %ter  would esoage from t h e  
storege &though it would sventunlly be eolleotod i n  the e r l s t ing  
Cotter d~m. , 



The BlfEbrenoe i n  elevtrCion between t h e  wlut a t  ahloh 
water waul8 entor the fault and. t h e  point a t  which i t  would 
estnerge below a i t e  f3 i s  approsimatel$ 100 feet. If PO0 feet of I 
water were now fmgoundltbtZ over t b e  o r i  tierel seo$ion above s i t e  C, i 

. i t  would be equivcrl'ent to d o ~ b i i n g  t h o  hydro.ulio head between 
t h e  points of potentin1 intake an8 outle0. T h i s  inorease i n  
bgdraulio bead might eventua2Q. cause some leakage from the  s tor-  
age, buf i f  netcr is not a t  presorat- esrceging dasn %he  fanlt ,  t t  

' i e  ~tn1iktaI.y t a t  ~ i g n i f i ~ ~ r ~ t  Z o e a ~ o  would ooour. 

'Therefor&, i n  view of t h e  laok o f  evldet~ae of recent 
d ia turban~es ,  t h e  abseaae o f  springs sna the apparent t ightnaea 
of- a t  least soare portion8 of t he ,  f a u l t  zone, i t  i s  obnei4erea 
that  the, olroulabion of meteoric vatel! i s  eufd"1oieatl.y rea t r io ted  
and the f a u l t  %one itself sufPIctienBlg oempact to prevent the 
deveoprm$nt of serious! leakagel &it loas% unt?.sr the pressures 

' l i k e l y  $0 be invo lvs8~  , B,wever, eome small leakage m a g  tievelop 
i n  time and the d e p t h  of w a t e ~  t o  be Imgaundad aver o r i t i o a l  
portldne of the f a u l t  sbsuld b:: regarded as, an important faator 
i n  the seleo%ion of a s i t e  far t h e  dam. 

(d) B u m a m  

Considerotloa of the regional @r oblerno indioates two 
important f sotora  i n  the selection of a 8am site 10 the C o t t e ~  . 

a 

R l v s r  betmee~ Bushrangera and Colllae Creeks* P i r s t ly ,  t h e  e l t e  
, e h 0 ~ 1 8  b~ as far removed as poaaible f roo t h e  Go t t e r  Faul t ,  and, 

aeaondl.y, t h e  m i n i m u m  d e p t h  of water ehould be fmgounqed o v d ~  
c r i  t ioo l  eeot iona of the fauha zone+ 

The most sui%abLe a l t e , ,  from 8 ragianal  viewpoint, 18, 
.therefore, sf tie B. 

The posefbls dam satac,  letifered A t o  D on plate 1, were 
seleated by surveyors ~f t h e  L a n a  Degsrtmsnt of New Doutta 'llales 
i n  1908, and no ~d6lGionril sgtee marthy QF mention were fawnd 
during the reaent survey. 

. , 

FOP oonvenie)noe, the s i t e 0  ~ i l i  be diecueeed i n  t h e  
'order D, A, C, B, nhioh i s  the reverse order 'of  oui tab l l i ty*  

S%te B is the rhost saoutherly' of the dam a f t e o  ahd l e  
o o n s i d ~ r e d  the l e a s t  suitable for the  fol3owlng reasona - 
(1)' The s i t e  i e  $apthest upotreorn an8  coouLd hove the  smklloet 

cislohnrent. 

(1%) The lalte waul& probably pPovide the sraalletst storage. . , 

. , M i )  The re ta ining aa l l  would etraddle t h e  C ~ t t e ~  fault 
.wiOb aonesquent risk of" (8) damgs. i f  eny mavemenO 
oocurs on8 (b)  leakage, unleea the z o n e 8  of weeknee8 
were adquately eealed. 

( i r )  The r e t a i n i n g  wall would lie'in pnrt lg  ahettcred rook, 
tbs lstrengfth of rvhdoh La  not  ' 

' (v)  khe W C O ~ C ~ C I  buttresa woulB  lie t o  p b y l l l t e l  which  3.8 
inferior t o  quar tz i te  or grani te  aa a fo,ua4atlon rook. 

( v i )  ' Tbe greatest  depth of ,wsBer would be impounded over s 
c r ~ i t i o n l  aoot lon  of the fsu2t. Gone .errbovs a f t @  D w i t h  
adt3itifonal risk 0% water leakage. 

(d0) I$ f e  the leoat soaeeeiblar 

Furthermors t h e  site has no ndvantagoa which  other eiteo Bo not  
poesesa, For these rek6ans the construotion of a dom a t  a2ta EI 



*-i3-. 

(b)  me 
B i t e  A I 8  the moot .northerly a i e e  qnb would provi8e 

the  mximum atorage on aaaount o f  the comparat l ve lg  wlde valley 
extending upatream from t h e  s i te .  It Is aeareet the prdaent 
Cotter Dam anti would fiberefore en ta i l  the m l n i m u m  expenditure 
on road an8 p i p e  l ine  up t h e  Cotter Valley. 

.The Bissdventsges of t h e  e i t e  are a8 follows - 
(i) The retaining wall would garallel, and 31a w i t h i n  250 

fee% of the fau l t  gone on t h e  downthrow side, and, 
therefore, tooaldl be subjeet t o  &amage if movement 
oaau~recl. Fwrthermors, the maximum depth of ~8teI? 
would be fmpouadad over e o r i t l u a l  oeotion of the f a u l t  
Bone lying imnedistely upstream from the e i t e  an& t h i s  
would I n v o l v e  r i s k  of leekage. 

( i s )  The rooke a t  t h e  dam e l t e  GO nsiat  of gnartzl$e en8, 
granite; These mould provide suitable f aundst tom 
from the po in t  o f  view OF strength, bu& ,they are strongxg 
301nte8, Xhe Joirilng has ~ ~ o b a b l y  bean aooeatuafed 
by movemen8 i n  the rooke aa3acent t o  the f a u l t  an8 
some g~outSng might be neoeeeesg ,to prevent leakegcb 
tbrough f be r o u n e t f  one. 

( i t i )  The slevetlsn of s t te  A is i n e u i f i ~ f e n t  t o  allow water 
t o  gravi.tate t o  a l l  r e seyva i~s .  a t  Canberra, 

Site A l a  therefore not cronsldered suitabZe for t h e  
ooastruotion of the darn* 

S i t s  G l i e s  i n  quartaitd and gravldaa the met restr iot  
eB gorge betiwesn B:~ebreagera apd Callfas Crcbeke* The efevatioa ie 
5 425 .feet above eea level and ie aidffcieat t o  gravitate water 
t o  Cenbarra. The quartaqtee provide suiCable foundation rock6 
on8 swgplisa o f  aggregate. 

(1) s i t e  C provldea t h e  smnltest water s t o ~ a g e  but one. 

(ii) A c r i t i c e l  seotioo df the faul t  zone l i e s  $ a l e  upstream 
from the site an& 8 qonaide~able  4apth sf uater 
would be empouaded over t h i s  ssot ioa w i t h  ooneequent 

. r i s k  o f  leakageh 

( L i t )  The a l t e  ie c lose  to  the faul t ,  apd, therefore, subject 
t o  damgas should m r l y  evtaracent. take plaoe, If t h e  re- 
taining wall were o o n ~ t r u c t e d  t o  0 heigbt of 200 f ee t  
t h e  eeotsrn b u t t ~ e s s  @auld probably I f e  d i t h i n  500 
feet of the fau l t  zone. 

i v )  The quartzite uon.t;alae strongly developed Jobnt planes 
ih fah  irig a t  angle8 Pangl'ng from 25 degoreee t o  vertioal. 
Uovgment auring f a u l  t i n 8  b a  probable oauaed s l i gh t  
addustrnents t o  take plaoe along aome of the joSnt glanee 
and t b t a  has resu3ted f n  s n  iaureaaea tendenoy f o r  
the rook t o  break into blocrks end fr.ogmnta+ The oourse 
of the river a t  st te  C and imeaiately ebove pa8 
determine& by the a t r i k e  of t h e  two grinoipsl joPnf 
syratems founa i n  the  g ~ s r t ~ f t e ~ i  The &trike of t h e  
fireti inngsB Prom d o ~ s e e  t o  15 aegreea and the 
strLke of t h e  seaon@ ~sngee  Prom 240 degre)ae& t o  
300 degraea. The fa0 t  that the river has oarved 
I t s  volley througb those quertaStas ratber than aloa@ 
the fault zone is a olear indioation that  beoauss of 
t h e  doint planes ths quertsite ie v u l n e ~ a b l e  t o  water 



aotloe and t h e  fouat3atlon of 8 dam t o  be Qoast~uotec% 
st s i t e  C would therefore, requlre very .oarollul emm- 

' . Ination onti probably oome grouting t o  prevent leakage 
along the $oints, , 

(v) Acoess to  e i t e  O would be oomparatively d i f f icul t ,  
partioularly above Cow Fla t  Creek, 

It is ooneludec3 that  a dam eowld be oonstruoted a t  
s i t e  C, but t h e  s i t e  offers eeveral Uissdvaatagse nhiob 08n be 
avoitled or reducred by @elactting a s i t e  far ther  downstream .and 
st a greater dfstclnoe Prom the faul t ,  

(d) S i t e  B (see Plates 1 end 21, 

(i) Sumnar This is oonsldered the moet suitable s i te  
for e %LEI between Buahronge8 end Collios Oresks. 

A retaining wall a t  s i t e  B would ImpounU wsber 
I n  t h e  valZey of Cow Flat  Creek as well 88 fa tha, 
cotter  Valley, arid would provide a larger vjater storsgs 
t h a n  e i tee  G or D, The foundation rooks o w l a t ;  of 
massive epenPtie i n  whiuh weathering and $ola%ing ehould 
present no dl t f iou l t i ee  an6 t b e  s i t e  is  situated a t  
the greateat aiotnnoe Prom the Paul$. The gorge a t  
s i t e  B l e  not ae reetr idted as that of s i t e  C, but  
i s  auitsble for a retaining wall at l ea s t  180 feat 
high. 

The elevation of  the alee l a  auf!fic3lenf t o  allow 
@svits t ion to  Canberra slthougb the bydraalio hsad 
W O U ~ ~  be 43 f e e t  lower than t hef a t  e i t e  C. S u p p l i e s  
of aggregate are readily evailable oad acclese t o  the 
e i t e  i e  oomparativaly easy. 

The prlnalga l  dlsaBvaatsge of Obe a t t e  t s  tha t  
water will be Impounded over the c r l t l oa l  seation of 
the fau l t  zone above s i t e  (3, but  the d e p t h  o f  water 
woula be aonsiderrsbly lower than t h a t  fmpounaed over 
the same aeotion by a wall a t  a i t e  C, sad t h e  rtak 
of leakaga 1 u. leers than a t  any o t h o ~  site.  The tlecond 
dieadvantage mag l i e  l a  the elevation of t h e  site 
whioh i s  lower than sitepl 0 and D, The detailed geologg 
of the s i t e  w i l l  be dieouesad I n  the auooeeaing aeotiona, 

(1%) Founbations. SITE B 18 in t h e  COW Pla t  granite and 
the rook types are oosrae-grained b io t i t e  grani te  anb 

, a p a $ p n g ~ i t i o  pbsse of the anme rook. The approximate 
distcfbutton of these types is shown on Pla te  2. The 
eastern waL1 of s i t e  B ~ o a s i ~ t ~  melo'ly of' t3s cooraer 

.grained g~an0te.  The same rook sutrsrogs over the lower 
40 f ee t  of t h o  asatern wall bu t  u v l h i l l  f t  grades i n t o  
gorghyritlo granfte, whlch outorogs over the remeinder 
OP t h e  w c s t e ~ n  ~ i a a ~  

The uoarser gpainea granite i e  oompose8 of quartz, 
felapars and b io t i t e  I n  the approximate proporttone 
of 35, 60 and respeotively, %be quacti: crystals 
ebow some frlaoturlag and shadow extlacltion, but s t r a in  
wee oat excesalve and there i s  no evldeaae of cruebtag 
or banding i n  t h e  rook. Apgroximatelg 60 per oent, o f  
the fel8gars show some ~ l t e r a t f o n  t o  kaoltn an8 
aaussurlte, and muoh of t h e  b io t i t e  I s  altered by 
weathering t o  chlorite, 

The gorphyr i t i o  granite l o  ooraposed of quartz, 
f elspare and bio t i t e  i n  the approximate proportions 
of 45, 55 and 20 respeativoly. 7benoc~gsts a? quartz, 

. felspar and b io t i t e  are set  i n  a f inely clryatellina 
ground mse of quartz and felsper, Shenocryst8 show 
eom evidenoe of serain.  bu t  no oruehing an& banding 
hae been iaducred i n  the cook, The a l tera t ion  of b io t i t e  



t o  ohlori te  is well advancred bu t  i s  not a8 aornplete 
ae tRsO observed ;In the ooarser granite. The ftblspare 
show some al terat ion t o b o l i n  and saueeurlte, but  the 
a l t e ~ a t i o n  i s  notioeably lees %ban Ghat observe& i n  
ielspar i n  the ooareer granite and only aff eots  30 
t o  4.0 per oont, sf the orgstaler  

Ia ban6 epeotmen the oooreer granfte is a herd 
even-gralaed pmk wben fresh but  near the surfaoe i t  
woathere o o r n g a ~ ~ t i v e l y  eaefly t o  8 f r idb l e  rock, then 
to  so f t  earthy material onti i r i n s l l g  t o  a sandy eoil. 
Tbe degree of weabbering variee from plaae t o  plaoe 
and may depena on variations I n  t h e  grain size or i n  
the felspar oontent of t h e  granite. The porpbgsltio 
grsni te  agpeers t o  be tougher than the ooareer variety 
and is aonaiderably more resfetant t o  weathering. Both 
rock typea ehow an uneven an4 f a i r l y  rough t r a a t w e  
wt;toh should bun& wall i n  ooncPete. 

Both  t h e  grnntte ant3 bhe pypoghyrltio granite are 
muitable fouadatdon rwke, The aegree of a l tera t ion  
taf minerals i a  tho fz?eeb rook should have very l i t t l e  
effeot 00 i t s  s t p , ~ ) n g t h i  The proportion o f  
p l a t y  mfnsfals euoh ae b i o t i t e  I e  too errtall t o  e f f e o t  
raheafing strength an8 C h e ~ e  is no notioeabls orushtng 
or banding Sn t h e  rocku 

(iii) eather n Sn both graal t le  types westherlag conslets 
-he al terat ton of ielagsrs and bioti te.  Thim 
al terat ion is ~ a r a r i l y  @ue t o  surfaoe agenotes aad 
not t o  ahemioal processes orSginatlng w i t h i n  tbe  body 
of the  granite or diependent on lgneoue emanattone. 
Complete weatberl ng of the rooks ~111~ t her.ef ore, be 
rastrioted t o  a ahellow zone near t h e  surface beneath 
whioh oomgarativelg unalterea granbte w i l l  be found. 
The lowor l i m i t  of the zone of a e t w t h s r i n g  i n  any one 
glaoe l a  establlehed by the water table so that, i n  
genaral, aept h of w,en thering w i l l  increase w i t b  eleva- 
tion above tbe etre;  m be&. 

The d ln t r ibu t  ion and relet ive intensdty of wewtberi.ng 
of e i t e  B is etiown i n  Plate  2, Three tgpaa of  surface 
85elntegretion were recognSeed - 
(a) Outcrops of graqite which have been seatherea into , 

tore on8 rounded blouka by epalling and disintegration 
along jo in t  planee.. 

(b) Thin mantles aS granite scree ~ o n a i e t i a g  mInW 
'.of numerous smell fragment6 and boulders of graa$le. 

(o) Deeply aesthe.red gran i te  end s o i l  w i t h  ' 

re1ahlveI.y ietv Pragmnte of solia rook. . 

Plate  2 shows tha,t t h e  zone o f  weathering on *he 
geetern s i d e  of t h e  s i t e  ~ o n s i a t s  mainly of granite 
scree an8 must be vory ahsllos.  On tho oaatern side, 
meeatre grani te au%urops over the lower pop tlon, buO 

. a patoh of deeply weethered granite ooowa betassn two 
ridges 02 $ranitie to r s  towards the, top of the ~ i d g e ,  
This 28 the only placje st e i t e  B where the  depth of 
the asathere8 zone aannot be deferminoti, w i t h i n  al0f3e 
limite, wf tihouC reaourse t o  drl11lag* Two p i t s  approxi- 
mately 8 feet  deep hovs been sunk i n  O h i s  weethered 
materiel, b u t  they did not  reccb unaltered rook. The 
outcrops of meesfve granite lower down on the eeotera 
sYde, and t h o  outosops of granite Core north and eoutb 
of the weathered mate~llal indlrsatt? tiat t h e  dogth f a  
no$ 2Pkc~Ly to  be more than about 15 %eet* Rlsewlsera 
on the s i t e ,  Che depth of weathering produolie w i l l  be 
leas  than 6 feet In m e t  plaoee. . 



( i v )  ;faiat;ing, i s u E t s  ae2s found caD ~ l f e  Bo but; the emnib 
&a porphyritic g2aai%o me jointed. The joints mu no* 
It2osel;y egacec3 a ~ c ,  JuclgPng by the eu~frioe otatcroga, 
ahould not givu  > ~ i u a  tu lo&kage problems. 

Tho 63tiPi.k~ u.rlu d i p  ~f ~ J O P  mfnOr goPnt;' 
planoe are uhorsn or1 :;"La%i3 ,2. 2he~(s BTO ~ T J O  AIIU~OP Joint  
~ y ~ t a z a a ,  Tho rsf pike o$ .'he fire$ olyston raagae from 325. 
t o  340 4sgrooa a ~ d  f ktj' JsPa,b planes BjCp t o  tho eaeZ at 
ang3faa wiohiah U B U A % ~  patyo 22flm 70 $0 05 &agrees. A d i g  
oi' 2 s ~ ? ~ r z c " a  t o  th.3 e m %  rva$ oboervod on one 0f theao 
Jo%ats on .tho v o s t e ~ n  baak of tb rivor, but slsowtnore no 
dips lawa*l t h a n  70 degreao wsPa rac2oMotl. T b  ~ t r l k e '  of 
the  secona madoti ayatom rangee f porn 256 t o  280 begrea and 
dipe w o  t o  f hs ~ot;a.t;Oa a% ateep angles canp;fng fraon 50 t o  
80 Bo~;t.easi, 0na Joint p3auou agh>arer~%l~r bolongXra t o  thfo  
aystem, was sbeoilvorl d'iLsLv.trl;; miilh ui; Id  e;ls;~k~c?oa on the 
wsatern bank Of %ha 2ivi3ib, but  ~ i ~ r i i t ~ i ?  1Bt : I ~ Y o  ~ ~ C I D O  VGP@ 
~ o t  appwrant a& '3tI~ak p2ccti~. E;fn~i* ;'<;bin% >,;lf;tm,co tastcd 
ob tha aeatern 'ar,.,:C: uf i;tm ~ S v c r  ~ h c n ~ i ? ~  ~:,~i.:.;oa ruagPuf;; 
$'porn h!!.fi "1;) 2103 Ge,;,pt;s:: r:iqLpl bo"C houa$cyly r;cii n3gc;~ply 
dips  vhieb  ranzed ?;lorn 55 to  verticaLi 

Eoao o f  those a o l ~ t a  should ea@o o~gBneor8ng 
diffPou3tia8 w i t h  the cxcoptlon o f  f he two 18i't amio 
Joint ,planes noted aboveb Joint plrtnoe which d6p at on 
angle loviek f han that of t h e  'vahlsy 0% Ba undoalrablo 
aince $hey may OGUBO k 0 ~ k  sZfpa aur)itlg exsavation and cow 
&%eat tho  et&fl'sty O F  fhc: foundation. Tha dPotributlon 
02 low;argltsti joint8 nri2'1, need luzvsatigatfon, but they 
are noit; tvLQeZ~v QevaZoped 2a tlze outarops at %he o.kt;sc 

%?he I~GcoMCC~QI p ~ o p e r t i e ~  ;r(eguPllrcd i n  a rocrk t o  be 
used as aggrregaf u 9a csnerotc 't-167 be amaarlaed ae follows - 

(a) Tho rock 3hcuI.d bo naoc%vu and have a h9gb compreesive 
st ~ o n e h .  2ho prow nea sf so f t  alterestll~n p~oQ~aot  s f o, 
Chsaeforar uradesi~abler 

(b) The rock #RQuZB not o s n t ~ i n  c t~uuturea  such as echLotoeffg 
02 Zaniwtiopi, ar n high proporeion of plaSIy minerals such 
aa mca, ao thaocs tvoud ~edtsce the a h o n ~ i ~  st.?oin(yth of the 
mterLul ( W P ,  1942) i 

( 6 )  The rock should contgln a l f t t l o  ot?. no aqXghflcle n i n ~ ~ a l a ,  
suoh aa p ~ ~ l t e .  

(d) The soclc ehoulit coat,.:kn s izLnfnW1 of' i;iitac~cls Ik l~c ly  to  
aatsr into  expaaefve i?o,-,c$Pbab vim tho cerxs~t w ~ d  in t h o  
@onareto. EIiwsrla9*d aaCf i2oek;a E G D ~  JLkeXg $3 3r;at~,* liit(i8 OX- 
pnnalvo r*eae,tionn An eonczcte .csaprfao og~?3%ne s0,Xfcc, ~30c1-p: 
gaaos, orygtoorpof aLlPne esoanA m s s  mat er%a19 g,ypr;&"i~, oP Pvf ne 
and i f  a a l t a ~ n t l b n  prod uots,' a l L e ~ e d  ieZspar$ miclilself no- I 
g e ~ t h i t e  f ols~isr and aeolffie m%noraXs (nXBcz~aen, 1943) I 

(e )  Tho rock ohclul8 broak w f t h  a11 uneven f ~ a o t m o  and present / 
few anooth ~rysla' l ,  fauoe on the fsaa,turo oufac3eb 

The aountry ~oolro i n  thc vicinity of tho dam ' o l t d  
conafst of phyZZfte~ quar tz i to  and granitic P Q C ~ S *  Tho p b l b l t e  nap 
be eliminated aa a a o w w  sf cggragata on yhyeioal prapertioo  lon no; 
The U ~ U E ~ L ~ Y  S ~ B F J ~  8bi 'b i l~  0 0 b i @ t ~ 8 % t y  br~aZla i n e ~  ~t?ooth- 
s idsd,  Babular frtqpenst o. The quwtallee and t; he po~phyrit  l c  &rani@ 
should bot;h plrov%de good, w ~ x ~ e ~ # h  ? ,  Ssms o f  f he ctoaree-g~ained 
granite ahould also nako ~ o o d .  ~&~z4@gat s l  buti weathsrlng is urjiually 
more pronouaoed in thw cowocr ~., ,+anrfs and amefuf s & ~ . b 8 ~ m  would 
be neceesary. 3 f r e m  a ~ n v o l  should a980 provf de suitab9e wgregat 4 
bat. the proposttonn 02 p i g S L d t w  uaci gPanbte bouldera would need 
t o  be dete~mined, 



2. Sourcce of Agaro~nte 2-t !:;kt c 3. 

( a )  Quarlz;%lt;e, The oleare@% outcrop of qUartaLltj mcwn nt tho  
osatosln adgs Of Lho gmsita,  abou4; ;li: mile onat 02 nito D, a d  
about 208 foa t  eaai; of the a?.luvi&k L s ~ ~ n o s s  ci@ t;h$ nsutil o f  
Caw Plat Oroak. .4ccses t o  tho uua~Lzii;s csuld ba obBa;rjned up 
Cow Plat Creek or up a ama l l  n t r o ~ !  a b ~ u t  t,OQO fee% %to %ho n o ~ t h ,  
Tho cook ~aul,cl ~B~QUC?PPIIO~ 6)1?m $he a t n ~ p  hiZP B P ~ ~ c ; )  ?,.,.idt in 
proxfmlty f a  t h e  g ~ a n i t n ,  n0uLd ouccnot eilt' hLgh1~ o ~ l ~ c ~ r c " " l o 0  
quartzite. go specitnoris \Yeiac ax,m,i;ta.led %gm G h i &  iuc~1L;ty, \= ut 
bQuXde2na ant4 fragpents a2 ..:.m2%:'a&c;o La %hi$ i'Lti%u ZG vhu 2mr;lcd- 
iata west f trdfcatc that t hc ~~3t5L: ~ho tg l  c o ~ ~ o i z b  of ~7isut 70 

, per C Z P Q ~ ~  s i l i ca  and 30 c o a t i  G ~ ~ ~ E L : X O L ~ $ B ~ ~  mPa:;,!c;l'i+ T$o 
tnetemsrphict smiaerh1ts~im;i unns'!.o-& ~n tPro ly  01" ch%s~4?..kc: u-i. nay 
2ncl uda vrxry%ag p ~ o p o ~ z 4  orta OF isipjhax' glstgdo cioGamc~-,i~na i-llnora%c 
auoh ae .eplidote+ Tho l?igbl? g~eda mstmorphh oniziokaln, .t..t8fh 
tho axcoption of b%ot l%c,  sExo&d b8 ~ c c e p t ~ b % o ~  btdt ch1.6q~lte 
i a  a platy mfrrard. ivftih a claavage fifnlfaa to that; si' ;'lieu niiil 
is uadsalrab2a far  hoLh ghyslrjal. and ~hmic,nl rsaaano. Hoaevor, 
the of feat  3% 20 t o  30 per cent* of ~ h l o ~ f i t o  i n  tho c,suartzPta 
shoaxkd 50 negLi.a3iblu u;nw tho chlor%to i a  8Wc3irrfnnkeis f n  a 
wealo sf warfz which @onst&futoe 70 par ooa't;. of tlls r~holo 
P O B ~ ,  X e g ~ t i v ~  oryctalr ;  of pyrSte wed?@ f i w d  in gw~i;zhto 
110w s1t8.  Cb k 3 ~ %  ?i kc' ~i l%ib:~f iz  is ~~mpnrat i i '~~%y Fare. Tho 
preaotlas 0% gym te at s l t o  C has gjioron rPee t o  fer:?ugf ezoina s o i l  
QQVoF ~ ~ Q P G ~ Q P ? Q ,  iIQ' rh~ac t99 tba  ~ihS.(~;gl C O V ~ T Q ~  b27 pad 
a o k l  should bc exaziiaud i w  i~gri tos b o f u ~ s  boing uaed as 
ag;grogato i 

An ,? l to~~nf~%Pvo SsuPQe 02 quartolte l i e s  abont 
2$ rnils~ 't-zorP;R oF o l t o  9 ;~hogc! w a ~ t ~ i t ~ a  f02m a a x i f f  along 
the eastern mr@n ~f t h s  Z18p IJbotui The rook could be 
easfly guarp%eO and cansfdcrnblo qnantftilsa of ~ O G O C J  ~0 also 
ava23-6ble along tha tanno ,af Cho oZfEPf. 30 Pt~j? a@ $a  kmnn, 
$ha rook mould I33 oa~Bi l%i~'bXy S%C&~UIP $0 $haki; 8~8at.Z~ble at Covi 
PlaZ C P O S ~ ~  

l l t h  r o g w d  ta plqralca'2 atrengtil ailC mfnart33, 
a s a m b h g ~ ~  th8 &,mr&q;r;ites wout,B p ~ o v i d o  t ha b& a?oclli; for  
agefrsgahi 

(b) rnnfted. QraaLto awl E ) o P ~ ~ ~ ~ Z % ~ C :  gs 'a~dto  ape %ha iiloat 
reEtdfiZy uceosef bZo aourcaa of a ~ ; ; ~ ~ c ; ~ a t i ;  LA% zuaE;o U, doo&yrit ic  
g~taririltte sutcropa QVQIP r=lb;;r"uZ tho L I O & ~ C B ~  U$GG of t h e  alto,  
Gaoa?~e graMrtta ou%cP6pr3 i r a  ~ Q Q  phvcr Isail E?LW Sn Q ~ ~ ~ . . c Q Q  on 
b03h o i a o ~  tho ~ O ~ T ~ G ,  

The p?phg,~:% tic gi>anito PG ti15 r,.s0i4~ U U ~  OQBIU YOC& 
for w g ~ o g ~ t @ r  X t  tb, w .bough s l ~ k  aW ~&lo~&tl e i ~ ~ b  ~ L S $ B  p ~ ~ g ~  
amuPar fra&iont",ir Fo%ch~~,~.r c.i~ii bioti.i;o atto i?x*oeoal-b, ba% 
neither rn2t~rn9. % a  Sikely $0 c&uso t ~ o ' u b l o ,  Stc%ap:,tr mounts 
t o  approlkirnatel~ 50 t o  60 g@r cent, of' thc lr~ok, bu'i; ovw 80 
.per ~ e n t .  of 5 b  $&spar l a  ortil=c"Lune wi~lah Bcrtjs klo t wttsat her 
r t ~  rsudilg ao $kt. ~ ~ - F . ~ ~ u c Z E ~ S Q  ~ ~ k t 3 t s 7 i  r'hsut 25 ~ I Q X !  c e ~ t ,  of 
Gfte frfj%~pm1~j ahow acne algns uf nltarution,  minQ tu.:::c&lfn 
but thio dootl not r.r~~:)Lg that 25 POP cent. of the  E P A ~ Z O C ~ ~ ~ ~  %a 
extensively we&% l~s;t;i ah@ t heref'c~ra owparati voly vfacnk. 9 t  
i s  diM"Pcu3t t o  dcBc;;r;aine thc  ~&63tll@L prrsgortion of SePstpezt~ 
whioh h a  bean a o ~ ~ l o % d P ~  neatherod, but it i o  oer%kiinZy loss 
than 35 en3 p r o b ~ ~ b l ; ~  1ilc;a t h a ~ l  XO pep co~a t *  Thua a naxlnum 
o f  5 t~ 18 por ~ ~ a " i , .  02 ?%e TZ~QIG POUB ~~lghf i  e o w i ~ f  of @oft 
kaoI*iatsed f slapar4. L'ba ~apbs%nsns exantlneri wero f a e n  f porn 

nurf acpe outcroptj m d  tbhc Segrao o f  weatiherf ng s b u l d  ii screaae 
with depth. The Bllet%to ?-li*ig:iu~f.lg present i a  t i le roak has 
been almost com1g;letofy a12c4:loG t o  crhilorito buO, sence f he 
biol%f e prsobably oonatf l u t m  Looa than 5 pep cant ,  of the 
~ m k ,  t h e  effeuh of t h i s  ~ % t c s * a t l o a  should be ac&%wbter. 
The ground mass conatiQutea &out 20 gcr con$, o i  the rock. 
and i4 finely arystallihe. Xt oonsiato of o_uartg and Polopap 



and con%af ne no trace of roak ~ Z a a s *  The opetolmene oxmine t i  
con%ata no traos of  aUpb%de minarale euch as gyrfta 'or cny 

, at ha^ Peaturae Z f ~ e l 2  t o  be undosirable in an aggpeg~te. 

The coaraos;l grained granite i s  u~iual2y more 
weatheredy L han t hs itoi*~&i?f f l c  vsrhetg. Fe lapa~a  conat;$tute 
about 6O per oantr a$ %ha ~ook, but aboW 80 per aent. of tho 
teleglar i s  orthoclraoo. . ,/ipprsx%m&tely 60 per centa of the 
lflelegarrjt ahow traoas ofwatheritlg'and ahthough $he arfnnl 
graportion8 Of 30Pt k i ioZi~v i~w f e l a g a ~  ~snnot be datsrmi'ned, 
it would not excoed 15 00 ;Ib) f ior osat. of the rook in the 
epecimene e x ~ f ~ e d r  B l o t i t c  conat%tutea cbout 5 s r  coat. of 
the rctck, but has boon ralnogt cnthre3.y alterlad t o  chlorite. 
.%warsre ,portions of the cowaer g~ained grangtia have been noilo 
axteneivoly weatbrad than the opaimens from whioh Ghln sect- 
lone sera out and, theraforar $2 arly aoarse granite is to be 
used as af?;~ra&ato~ 9% ail& bo aavfbarub'le t o  eeleot the lauiit 
weat here& p a % ~  !IQB~ 

(o )  st@.-. m g o  aupplkes of otcaem g s ~ v c ~ o  douxa 
be obtained from the Top BLats, which extend t o  w i t h i n  2i mgle 
below s i t e  13, and from t h e  f"Lc$u ntld to~7rGcets at t h u  nouth 
of Cow P l a t  Creek, imiacllutcly aetulla ijz' tihid  zit^, ; jfa19 
q w e t f t i e a  cou/d &so be ~bP;clStned fPoa t b ~  ;:ILSC~'~I'; ,'Iv0,9 
c hanneL~ 

Q~avalEa PL~o:.: flatm at Pthc  mu",^ ~ r "  GOIV P3at 
~ k e e k  would y ~ o b a b l y  bo t he  tics% gravels SOP a;a; .! i~~t~,  d t t ~ o u g  
the quantf ty avaf f able hard would be aornperat9vsl,!' ~ ~ : t : l P   it$ 
of the oragr o f  90,033 aubfc ytWdeJL;i 2heao g p a v e l ~  cona+st 
of guartrrtte and granltf o type8 an8 contain very 3ittlcr ~)tr;rlfit 
Much of the  querrtaf%.o towarad %ha weaatern slag of tho f lat6 
hag suff eke8 l i t t l e  FcIaPter~ action and has the angu%izpf ty  of 
mares, Bpth gzaacxLte and porphyrfCtic granlto are reprcaonLot3 
fn  tiha grave1,s bs t  ?jot8 types should ba suitable f o r  aggrogato, 
since f swarat  a of .trrsat hoped gtanite would normPky &I:ioL:ilo~rut 
awing river t~rxnspo;?P;, ~rnd not appear in gravela. 

Tho f ; t t l ~ ~ ' l a  i n  Che Top B l a t a  c O q ~ i s S ,  o f  yuarta5& 
and grsnitto ty.Qca, l:~lGh aome phgll l te  she@ from 'the woato;7n 
ei8e of the rivar. Thd I.;suL~or'tiqns in wnrhfeh $hem rock t y ~ o s  
oocur has no% been Q~tc r t~ i i i o i l ,  but the mount-  of phyllita 
present f s ploobab2~ tin-IL. E-b of' the qua~s'tzito. all hnvo 
the angula~i ty  @$ acree a ~ a  kkte '@?aqSCbo 'tilrgo~ should bo 
simifar t o  ,%boa0 found a6 GOVJ Faat Oresk. Tho gunntity of 
gravel available in hhe l o p  P l ~ t  o a t l l  be 02 the order of 
200rQQ0 <zubfc yw8si  

Thepa are vary fom boachoo along Wc Uppor Cottie 
River, an8 no reradily available laup~X3.a~ of natiwal sona.havo becn 
found. Ba%ur(al aa93d cOU'LB be obta-inerd bg scraeniw nw3 wnuhing 
, ~ l w t s r  gravels from ehti f l a t8  wn& %cx~a&ee. Tho pp0ip,nt~0:2 of CPUU. 
aand avaflab%a 9,n tha f Z a 6 o  iz,?a not been Bctel?n:taucQ. T i i ~  ::u~lit&r 
should be saf i$faotorg, a2tbr~wh err$pir~gl~o ; -?h.aul~~ f3i2 O ~ ; L ! ; ; ~ ; S U ~  t o  
determine t h e  proportion o f  f~%~~j: : i '  -;2060~~t, . 

hlrttffioial OCL&~I G B U ~ B  be q ~ c l , i s  By ~ : : ' L . : ~ l u g  ctii 
screening quartzfto, . but, .no ~"i ;h~; ; '  ~ O C Q ~  pock ~;i13a1$ i)~: 4 - c ~  ;'a;; 
t h i s  pwpoee. . 

, If, sand I n  ma& f w m  quarfzfto, cwc o b n l d  bo 
tak0.n t o  ~8gtbV@ %he fins f ~ a o t i o n n  and %he rack flow. Tho 
c h l o ~ i t e  prosen* ahead paas, out ;In the f 2nes bu% thrs f i n a l  oana . 
ehsul8 bo exmf nad" fir c?hloa?lte c6nCont. Quartzite fog i710k1a& sand 
could be obtained from q ~ - a r ~ i a a  OP by sort,ing t h o  le)ivs~ z;rnvo'le. 



A road 2'ol&ooit1g t h e  Cotter VaLlcsy should ba 
constructed I n  the grasiter IC-J~Q?CVOZ p08t3ib18. Much of the gpanllto 
is weathered near f he 5wf acs, onir roadl;ly bo e xaavated, and provlde 
a source of f i n e  quarts gravs11 

~ f t e i  a road ha8 peached a i t e  A, the best loaaQoa 
woula If e along ti he belL' of gmnlf  o, imeBiate3.y east aP the ~f te ,  
fo  the northern end of the Top PLst t s*  From her@; t o  a i t a  B, the  
road could be oonstrucrlted along t be Top PlaOs and then aurooe t he 
granite slopes nor th  QP site B. 

~nit;abZ~s Locatioslo for B ~ X  L Q ~ G  C Q U X ~  bs found 
along the Tog Plate or en t h ~  ~ r a t x ~ h o  e l o g o ~  'taoBaoon % E.yu w2jyer 
I.lmif Of the B ~ & Q  and 8 f t e D b  

(1) Bi ts  B I s  socrutlmendod as %he most ~uifnbl6  s i t a  for Q 
dam oa the Upgap Cotfor PPvor heWean Bushpange~n am% C o l l f  ns 
Creelrts. 

( 2 ) .  If 3-ti %a 6 c l ~ l G o d  t o  conofruclt a ifam Q% si%e B, t t ~ o  
poss ibf l i ty  af Zeakag~ along the Cotter fau l t  abould bo 
furthsr? iavestigatud. The fau l t  gone ehoula bo elraufinea Bg 
tranching acroae nZ; i i r  osveraf plaooel ana 'by einkf ne at  
Isaat .on@ at U;?%QG to be qaleeted along t h o  fwuet rcrsne. 

(3) a ehaf t  of bop@ hkl tho Pnnlt %one north-west of s i t e  B, 
i n  which fhe l eve l  sf % b e  wator %able oac be Betermineti, 
shouad be rna$ntakaed 5 8 m ~ h r i m t  the csnut   pat ion of f he dam 

, 

an6 foo aoule g,@a2s dtumnrdo, t o  provide a raoora of move- 
msn$e f;n'.fh;i w8terP ts'k'lo anCI o eheoR on leakage fr~rn the 
atorage area. Congleto ra%ni'alX rocords qhould aleo be t aken  
and ,corre?lafe8 w i t h  nevarnerrta i n  the wator fable ,  

(4) Xf aSte B f e  scl'leotsa, tb ta  Branah should bo ooa@uJ.tqd 
;an t h e  8slecr"ufoa of sYtoa fop axplorato~y bores al~d ah&ta 
in the foun8atQ~n rsarks. 

(5) Uhea axoavating work i a  comenos8 at s i b  B, th fa  arnnoh 
ehoaZ8 esmlne f ho excava$foao fxlorir tlc!e t o  tlic:e $0 check st1 
t h e  petrology ~f tho rocks tiad ts liiuy o t r u c  tiwr;ta, ,FA V U ~  
Be%&ilec¶ exrunfnntLotl of o m ~ 4 e t o i S  cxaavatkouu ohould also 
be W 8 e t e  

( 6 )  With regard t o  aslxpcos 09 ~9ggr~gqt8, k Z  s*u~ar;r;iekldad 
that t h i 8  Srail~h B a k ~  e3r i i~ t~l .Za&b ~ x m f  na9;Lof~ ~ i ; ?  c.:LX 'i)po~o~oCZ 
quarry sfteem Zf: ot~lem 8 ~ ~ ~ 0 1 8  a ~ ? e  t o  be used, aa cxmitl- 
aQiOta  of the f l a t s  ant3 t c~ racos  f3hoUlid BO midi3 t.0 dotcmlne 
the grogortiune i n  s-ihic h tb varisw rock i:ypon a m  prooont,  
and , the  p~opo~tion of mdesfrablo materf ax. 

(7) A geological survey should bc mnde any areas thoowh 
which i t  Per proposed fo  coaatru~6  roads, cr -nnls  ox" pigo Ifnos, 

( 8 )  If a site other Obaa B i s  #refarred, a detol lod g c o l o a c a l  
examination of t h s  o%6o 8hou3d be made, 

Tho a~?l&or afrhos t o  %ha* eeosraf. of hie . 

co&&eqpes i n  the Pineral T~csourcno nm3 po~tlcularla Meaera. 
T.D. Dirnmlck and H.B. %l~F; iw:?~  far asoiotance i n  the field and 
laboratorg worko idri CIE. 3nPght foa p6trologbaX studtea and 
Wm?i 8T.B. PPahsc for aaelsfa~3,ec fa tho fr~Corprotatboa of &P ' 

p h ~ t o ~ ~ p b s w  
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Mineral Coneent :QUW~Z, fo lopapo  (mstly orthoo2ase) and 
. p~.a$on of b i ~ t i t d *  

$uartz f olcms 60 aent. of t;be Z @ Q G ~ *  The 
a~ys ta&s  nhm shadow axt%neffon and me also 
@rackad, Pndbaticsl?; 88rafn. 

Liletla~we f o m  ababt '30 per ~ e t l * i  of. the rock. 
About 10 per ~ o n t r  of @he crystals 8how traces 
Of W @ R ~ R C S P & ~ I ~ $  m ~ f  QQ tb 1%~30X&S%, ~ Z O \ J G ' ~  i t1  
plaues aaraasu~ito Po aisu t i ~ ~ ~ ~ r ~ t  T ~ G  E~PO- 

6 ~ t i o u  wP orthooka~o t o  ~ ~ A Q C ~ ~ I I L , ~ O & Q U O  Pa C ~ O U ~  e t o  l r  Tho p l l ~ ~ o c l a o e  npgocra to Bo Ltli@c 
ulaao. 

. BiotOto aYya2nZcs ai?o f ~ e ~ h j  but m a  tn2otjod 
and d l s t o ~ t e b  hue 2 0  6 t ~ a S ~ i  Tho nlhcraZ 
forms about LO per <lent. 

M l n ~ r a l  C~neent ogumto iu cotlfdned t o  smal,h Zanlsos ot( Evauganatt 
t hroughoufi t h e  8;tocik. 8@riclts. I r f ~  ab~tlldanti, 
and arnal2o~ ~ m ~ ; i t i  b i a s  of. c hloxaiteI magnetite, 
and 3oouibl.y bio%Pte aro preesntv The rock 
i s  a-taf;lcC,. ;;rb$53 XBmnllte. 

Tho qua~%zr i n  t h o  '*auaanaW has been 
reory e3ta'Ll it308, and g o ~ m  ra1.b s taowa Bhaaorv 
sxtirtiofisn due t o  atrai~a. 

01 s as the moat &tnndant na2naral.e Thir %Ma noedXes nn'e ropy s ~ a l l  anol o~Aen%eQ 
f n %ha plane of tho ilow ~ P ~ a v w o ~  

Ghlorite %a ~ ~ e s e n f  i n  vary anal!. ccymtals 
l d  garta o$' tba rock. 

nett  t o  La vmlb r~a2p~eaohl-ecd f n cc2$aLa ban& 
p t h e  iaock; it io ~ n ~ S l g  r?cce$ai*od t o  
l%inonite 1eElick3 katatns garto OF t h e  ~~,luct%r a itocp 
brown. 

' Vf@ather~O DBofOta wg be grsaent ,  fop fa 
places, tho BPot~n m a t e ~ i a l  shown fain$ plea- 
c hro%smr 

Ssrfoite phg&l i f  6, 



&mearanoq t B P W ~ ~  f ine-grasnad mst&phi~ rock, o3Pghtly 
matherebb 

Ylnspal Content 8RecryetalUseti qlrarte 'and metsmorph;a mfno~nls ,  
wbiah akow no direotlonal afirusrturae, 

duar%.z haa beon rocaoyatalhfao~ into  a mooafc 
i a  a.3uuk1 the Plhapa of some s f  tho originat 
g~ai.ri3 BQB be df a@~tmeB, , Quwte: conntl t utea 
about 70 pBP c&$; 439 'the PQQ&~'  

C ~ t n r n r o 3 i . t  ~ i i n d p a l ~  c&nsti tute about 30 per 
con%& sf tk~s  2Ock am3 o w u r  i n  8mrall orya taLs 
and Q ~ G C Q G ~ ~ Q D ~  .liirrc)ra'1.o not  doff nlteZy 
idsntfficd, but almot 60 pep esn%. of the 

qcrtkimolergbiei .ncitoidJ.,29 i a  g@~bab'lg Q nineraf of 
the epfdoeo ~solup, a ~ d  the remLning 40 per 
 anti csnsfets La~geZy o$ an alf ere& afnaral 

whioh may be a&t~r(ed biotftap 

BBinaral Contont t Tho rock ks c9nysoc38 chicfig of r c c ~ ~ , i c $ ~ ' l l f  ooil 
Q U ~ P D S ,  vPth ~ r n 2 . h ~  guadtitf 0s QI? ctrlo:Cto, 
a& Q Toa flakee of pwt2y rmathezad. B;ebf;'lC~(?). 

1 m t z  PQPMO 70 pox (rent# of %he rock, and ha8 
been raurysta%Pi%ued into a asssic, 

Metmomhia Mfn_eralqa. Chlorkfe l o  %he p~ornPt1~nt 
~ g m ~ a a  oorlabttutcn abouC 30 
ger contc of' the rook* A $@IT mttXL woatho~sd 
ozyatr:ko oPbiQfi i fo  rnog also bo gpoaenli. Book 
ahma as evJiGlcsvrcro o f  di~scztfonal at;rwtwos, 

ElOn@ral Oon%_arit oh tilosaSic of rccozys.9ull3i3cd ~ u m f  a grains, 
cront;uftnlixg bntor@ti%@fak ctnXori.%e and probably 
B l o t l f  ea 

,&QQ&z& OolginaP ~uar ta  g2aleas have beon 
recrystalliaed %n$o a moaagicr a;r&X~b s onat i t utoo 
&owt 80 PIC sent. of the posln. 

,Looali& a Upper poption of western wall,. Dam S i t e  B, . 

Upper Cofter. O 

A 



'. l 
,:< Appearance t L i g h t  CO~OUI?OC% porphyrlf l c *  T O C ~  w i t h  p h ~ n o u ~ a ~ ~ t a  

0% quartz a& folsgar, i n  a fo'l~i218o g;?ouudnass, 

MSneral, Content :Phenoc2ptu of qurrta and fo'%ogar Enb! 3rsBablg 
biotfte  f ~;"'0ui?dmil6b~31~ bi' ~ n a r t c  t;&i P ' u L E ~ ~ u P ~  . , 

QCCUP& ItT Rygl .d f~#~~~ l f?hX~  0~9~1;%&Xlfl - 
eome w i t h  s3bgbt corroefun a% the e&$ea. GIaW 
had Bosn eoaok~B ba sf pain6 Quart a cA1ya2;als 
0 0 h ~ t i f  uto izpproximatie~y 45 per cstlt . or' 't; he 
phenw1!yo2a~ 

?&%ui)o:(* Bodh ~oothoolaee anti pla@'ioolaac 
gruooiii; i r r  pr'opo~tlons of approx;lmat@lg 5 t o  1. 
BoQh ~ b o r f  B O ~ ~ I C  d ~ g ~ o e  OP v~aG$arirxg t o  kriolf n ant 
aauuau:?i;;o - tho lhttar  largely aonflneil Go 
plogf e c l c e ~  f al@p&z?r Apprt~xiaately 24 per cent. 
of a i l  fakepar;* bhanoeryrats elzw svldenos of wea- 
t hoping ( 23 pc.x4 ci;u-tr o f  or'thoolaea o ~ y s t s l s  and 
40 POP eeat. of p lwioc l~ac  crys6d.s) + 

m t h c r ~ c l  b%&,%e$kip ba preaeat knz two p l a c o ~ ~  
but dtazlatfon l a  nlmoat; a~~ilp10t;iik. 

POuuiimaa~. Coaelet  o f  fiwly oryetalZine + quar and ge%t3par and oonsf i t u t s s  about 20 
PS)P bent. .Or t h ~  rook. Q w t s  azla *f elepmr 
oacu in a~proxirntif erg equal progortf ens. 
Bo pock glaes Occurs in the ,grounCim~a~. 

&umd& csaoti%u?ma &out 35 pop cent. o f  tias 
rock, kost of' %he oryatol8 s h ~ w  fractwaos 
and o s w  shaduiv ertitio$ioa due t o  atrafn. 

. ' g9i~4lygg c~ti~r;t i iu%a @boat 60 pep cent. of the  
rock. o ~ c b o c l a s e  and pOagio3laea o o a u ~  in 
hbe propcs;~.i;'ious o f  4 t o  1, and about 60 per cent, 
o f  a11 fcXop6r~r; show evidence 'of alto~ation - 
maf nLy $0 kao19 a, 

C h l o ~ q ,  Oorivdd f r o m  Bio t i t e ,  aonstltutos 
abot.38 5 per cant, of the nooak. 



Z a a t o ~ n  uaYlls Si8e B,$ Cotter  B t v o ~ .  

.L$aZal;a - w i ~ % y  orthmlaeb -, f02n &OU% 30 
per coati, oZ tb p h q ~ w ~ y ~ % a @  A ~ ' J ? H O X S U Q ~ B ~ ~  
40 " ~ ; t s ~  ~sut. sf a&& Peksgwrrj show ~0130 dagroe 
-OF a&%os(a%ion t o  k@lis, 

Blotitier forma about 20 per coat&. of the a h  otio- 
cryst@ and is er&%cinaively atered t Q  ~h%arf te .  
S o w  of t838 c~y65tula a r o  benC and otm?aimd. 

Groarxkictua uoml9$a%aa ~iboub 30 per oetzt* OF the 
rock bad i 6  bomp~sed of $\;xartz anti fa la pa^ in 
qg i~ . ia~~k~la%~1.3i  6qUt)=L gkcopor%&oaac, Soms of' the 
fe&spaj;ll; ahsn svidoma of wea0herf ~g t o  kaolin, 
2ru6 .voX%;ct,y;t;iuta %a no* extene%vs* 
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