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" 

.~ 

The ore-deposits  consist of :  ( a )  Gold-qunrtz  reins: (0) biotitic golll-copper deposits. 
Structurally,  the  latter occur &s fissure-veins,  replaceu~ent  deposits, and impregnntions. The 

gold. These  have ,been deposited in tn-o periods of mineralizatiou corresponding lo  the  two 
ores are chiefly pyrrhotite, pyvile, chalcopyrite, with other  sulphidcs  in less amount, and free 

great  batholithic  intrusions. The localization has $eel1 brollgllt ahout  mainly by the  peculinrities 

the  various mall-rocks on precipitation. 
of thc  fissuring of the  granular igneous rocks nnder torsional  stresses  and I]? the  influence of 

PIIYSIOGllhPIIT. 

The'Cordillcra of British Columbia is believed to  hare .been origimlly a regioll of coniplcs, 
folded  mountains  with  stril<l?-iaults. Long-contilllled  crosioll  reduced  tllc to~iograplly  to a post- 
maturc condition. Uglift  foiioved, alld stream  erosion,  aidcd  to a collsiAerahle cstent by 
glaciation,  has carved wide  straight  valleys along tlle  old  fault-lines.  Thus the lnonntain lllasses 
are separated h5- pronounced  depressions which Daly has used as boundaries  for  the  mountnin 
systems. each system  having a trenelr of the same name  to thc west of it. !Phc lloelry Mountnin 
sgstem  has  to  the mest of i t   the Rocky ~ I O U l l ~ l i J l  trellch  dividing it from  the I'nrcell systeln. 
West of the latter  is  the  Purccll  trench, occupied b5- the  northnird flowing IGmtena5' rirer, 
markiug  tile i?onndnry betmt!en the  Purcells and Sclitirlzs. To  the  Ixst  of the Sell<irl<s is  the 
SclBirB trench, in the Colulubia river flows southrvard, di!,iding the Seil<irlt systew from 
the Colnnll,la systcm. 111 this  latter  division Daly has made a subdivision of the  group of 

and surrpyrd the  mining  district  and  town of ltossland. 
mountai~n  bet\wen  the  Kettle  river nnd'I.ower Arron, lake. These are the ltoss1aw.l nroutltains 

nltcred  older  rocks  present evidence of t hc   mo~rn ta in -n~a l~ i~~g  epochs through !vhicll lhcy  lmrc 
'This \<hole area has been subjected  to many ilnd complex changes. The  cmmn]?lcd and 

passed, while the great nlasses of coarsely  crystailirle  igneous roc1;s no\v exposed at   the  snrfilcc 
s11ow that ~ m c h  nmterial  Innst have bcen r e ~ n o ~ e i l  by erosive ngencies.  Consolidnled strcii1n- 
gravels  mark  the conrses of old rivers. and the smoothed and rounded  nlountain  outlines sllow 
the work of a glacial  period  in wlricll all  hut  the  highest  peaks of the  Rossland  mountains were 
cavered wit11 ice. 

As a result, the  togbgraphy  is inarlred by ;m ntlland  surface of gentle curves nird lmv 
gradients  beneath  which the recmt slreanls llayz  inciscd deep valleys. !Phe work of tlle streawn, 
assisted by the work of the valley  glaciers, has lai'gely destroyed  the  old ullland surfner.  but 
from high points, by imagining  the deep recent Valleys filled ill, the old slopcs can be approxi- 

large Ilumber of residual  hills rising  above  it. 
mat<?ly  restored and a mental ljicture  obtained of a gently  rolling  surface broken by a fairly 

Over a l ~ r g e  area in  eastern  British Columbia and tlle adjoining Slatrs  thc coneorrlancu of 
sun~mit-levcls, vhen vicvxl  Srom ail elwntion, is a striking feature. TVllen seen from thc  top of 
luountains  reaching 6.000 feet or over, the ridg0s mid r o m ~ d ~ i  peaks of the Rossland moontnins 
fall  into an upland  that,  while by 110 n~eans absolutely  flat,  yet  presents a rather snrooth ~ni ' f i~cc.  
The slopes are almays  less  than SO degrees,  except ~vliere isolated mount;rin manses rise above 
the  surface.  Beneath  these  gentle slopes the  rivers hare cut deeply. The Colunrbin 1x1s cut 
2,000 fcct below the  point where the slopc increases, and Sheep creek 1x1s intrenched  itself 
llearls to  the  same  extent. Tho rocks  nnderlging  the upland are of vnrs-ing resistuncr, but the 
nnduiating surface is only 1oL'IllIy affected by the liilld of rock underlying.  Granites,  slates, and 
shales have aliire been bevelled across ITitlront tho  gcncrni smoothness of the  outlines h ing  lost. 

and to the  position of the  tree-line. TVherever lmllra mere higll enough to support glaciers, 
I t  has been suggested by Daly" that  this n c c o r d a ~ m  of summits  is due to Alpine glacitxtion 

crosion by that  agency mould tend to reduce the higher  points more rapidly than tlre lower a i r d  

so produce a more nearly urliform surface. Erosioir allore the  line \\.here rocks are protected 
by forest-growth  is  more  active  than on tlre surface covcred by vegetation. llence because of 
glacial  erosion  in  high  altitudes and nlorc active  weathering  the  higher  points will \war domn 
nlore rapidly  tllnn  the lower. and so reach an approximate level. 

matcly to  sea-level. Elevation,  with the resulting  relu~enation of the stremns,  would  lead to  
Thc theory more widely alilmlea  to  is  Ijeueplauation or the  reduction of a land area approsi- 

the incision of steep-sided  valleys lielow the level of the old surface. 
__ 

*Journal of Geolos7, VOI) XIII.,  gage 103. 



age has becn descriiied by r:lrious writers. ~ a w s u n *  considered  the  interior plateaux of British 
In  the regions adjoiniug thrrt under  Imrticular  consideration an erosion surface of Eocene 

(loiumhia an eleratcd i)enei)lain of Eoceiw agc. Lindgrewt descri.bes the Salnmn River Oisirict 
as i ln  nrea voni  d o \ m  to :L gentle  tvpography and  then clevatecl. Callrins$ describes  the  Cabinet 
and Purcell  ranges of mestern  Nontana as apDearing  like a “maturely  dissected plateau.” 
Smitils recognha a peneplain  in the Cascades  which  he belicves is Pliocene, and  he  is of the 
opinion that  in  that  district lhere never has beeu an  earlier one. Willis recognizes a peneglain 
orer tile Galton range, and Cmpleb3.lI describes one in  Idaho,  \~-hich hc refers t u  the Eocene. 
From tllesc r i e w   i t  seems that  an Eocene  gepeplain \vas (lerelaped  in  thc  iuterior  which was not 
developed, or vas completely destroyed by a Pliocene  peneplain, in the Cascades. 

of it .?re to be found. The  Cretaceous  and  probably tile early Eocene represent a ueviod of 
If  any  peneplain of Eocene ago was ever developed over the Rosslalld mountains no remnants 

erosion which !vas ended by the  deposition of river-grarels.  These are believed to be Eocene- 
Oligocene in  age.  Thcy mag represent tho deposit of rejuvenated  Streams  cnrrying down great 
loads of nmterial  from n newly uplifted land surface  that had suffered  deep  sub-aerial dcca3- 
and had been a p ~ x o x i m ~ t e l y  base-levelled. Such a scquonce of evcnts seems quite possible, but, 
so far as observed, no ilhysiographic prooSs of i t  rclnain. 

Tile  early  Tertinrv  sedinrents are intruded arid tilted by granite  rocks vhich nom underlie 
most of the conglomerate  remnants. The tilted beds are bevelled by the  upland  surface, a 
large  part of n.hich co11sists. however, of the  granite of these  Tertiary  batholiths.  The  coarsely 
crystalline  character of the igneous rocks shoy(.s tllat B considerable 6ept.h of orerbnrden has 
been removed sillce thcir  consolidation. It is  evident, ,therefore, tha t  the age of the  upland 
cannot Lie earlier  than I’liocene. 

‘I!his long neriod of base-lerelling wxs closed by unlift and thc rejrlvelrnted streams bcgm 
to incise narrow steepsided gorges iu  the old surface. It s e e m  as if the uplift \vas progressive 
\yith temporary base-levels ‘rvhich allonwl tile  streiims  to  broaden out their valleys. Further 
uplift  left  the  former  valle~-bottoms :IS rocI< benches. The gorges were cut to a considerahle 
depth,  but  before much dissection of the  intcrstream areas occurred, climatic  chmiges  brought 
on glacial  conditions. The beginning of this period mls, no doubt,  marked by vllllcy glaciers 
which iilrally became large enough to unite  into a continental  glacier coverirlg ali but the highest 
mountains.  The close of the  period \vas again  marked by valley  glaciers. 

Slaciers, on the other hand, deeperred the  gorges  already  cut,  leaving  an evidence of their  activity 
The effect of the  continental  glacier  as to round and smooth  the  surface  The  valley 

in hangirlg mlleys,  ~IcCanlbridge  creek, a tributary of Trail week which joins i t  half-way  from 
Rossland to Trail, has a rlecidcdly hanging  relatlou  to ,the inain&realn. 

At  the close of the  glacial  period  large  swplies of debris \vcre emptied  into  the  rirers from 
the valley glaciws  still  existillg  about  their  lieadn%ters, and, as a result, their  beds \’-ere 
aggraded.  Tlle Collunbia  vas filled to a depth of  cobab ably 400 feet  with  stratified gravels. 
With  the  disappearance of the glaciel’s, the  supply of debris  diminished  and  the  rive? bcgan 
to  cut  into  this  deposit, and, as i t  s\vung from side t o  side,  terraces at different  levels  were 
produced. This process is  still  active  in  parts of the Columbia’s course. The  terraces of Trail 
creek a re  cut in fine white  silt,  with a thin  surface layer of pebbles 011 cach terrace.  These 
terraces arc found airuosl: to the altitude of Rossland.  Thc  formation of deposits  in  the 
Columbia vould norrunlly produce a pondin: of water ill its  trihutarT,  hut, as thc terraces 
occur almost 2,000 feet ab0T.e the  Columbia,  this  explanation  is  insufficient. It is possible that  
a tongue of ice  occupied the  main  valley after Trail Creek valiey was free,  and in the  lake  thus 

production of terraces  in the usual I V ~ .  

formed the  vhite  si l ts  ~verc laid down. The withdr%wnl of the barricr  as follorved by the 

A p x u l i a r p  iu  the drainage  relation of Trail  creek  and  Little Sheep ercck may be related 

for a liltlc  distance  they flow iu  nearly  Ilarallel  valleys. At the  tovn of Rossland the  divide is 
to the  same 1)helionienon. The  headwaters ‘of these tmo streams are fairly close together and 

notched by il lorn and  fairly  wide gap. If ’we assume  tllat  the pooded lilke in  Trail  Creek  valley 
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rose high  enough  to f b m  across the divide  into  Little  Sheep  c~eelc,  the  cccurrellce of this  depres- 
sion is easily  explained as due to  valley-cutting  when  the  Trail  Creek  lake  emptied bJ nray of 
Little  Sheep creel:. 

The .regional events  affecting  the  physiography  may be sumlnarieed as:- 

%. Early  Plioccne cycle carried  to late  maturity or old  age. 
1. Cretacwus-Eocene  erosion  cycle llossibly carried to  late  maturity. 

3. Late  Pliocenc-early l’leistoeene gorge-cutting. 
4. Pleistocene  glaciation. 
5. Recent  terrace-cutting. 

The  forces of erosion  acting on rocks of nilequal  resistance  have  lmxlaced Certain  physio- 
graphic  forms of locnl importance. Hard rocl~s are exposed as ridges  standing aLo~-e the general 
level, nhile  easily  weathered roclcs arc  marked by gulches  with but small  streams. 

One of the very  prominent  ridges  forms a cliff on Columbia a ~ e n n c  at the mest end ,cf  
Rossland. It rises  about 50 feet above the  rcck bench on which it stands, and mhcre  the 
excavation has beell made through  it  for  the  street  it  is  ahout 150 fect n-ide. It ccnsists Of an 

the Jounger allvali syenite. lcavini’ i t  Standing  ont as a prominent ridge. Similar  pnlaskite 
elliptical  mass of nulaskite  intrusive.  into monzonite. The latter  weathers  more  rapidly  than 

ridges are found near the 0.K. mine  and a t  se~eral  points  on the road  from  Rossland to  Trail. 

soft  mica dykes. The  streams  in  both  these  ralleys are small,  while  the  valleys  are deep and 
Thc!Gemtre Star gulch  and  that  in which the Josie tramway is built owe their  positions t o  

steep-silied. In the  Centre  Star  gulch  vertical rocR-faees 20 t o  25 feet  in  height  rise  from 
the rrallcy-floor.’ These  malls  are monzonite, r h i l e  no doubt the rock between  them is mica 
lamprophyre,  since  the nlii1e-n~orkings sllow a dyke of alnlost  the  cxact  width of the gulch 
which would project to the surface a t   t ha t  point.  The  weathering of mica dSkes can  be  observed 
at many places. I n  the railroad  Cuttinns  monzonite silows no veatherillg, vi‘iliie mica  dykes 
already show a tendency  to  take  spheroidal  forms. 

GEXERAL AND STRUCTURAL GEOLOGY. 

PIL.mZoI0. 

The early part of the geological record  is  missing  in  the  Rossland  district,  the  earliest 
formation being late Palieoeoic. The  basal  group  includes  several  types of voclis of different 
crigins  and  doubtless of different age. All  have,  however,  passed.  through  scvere  regional 
metamorphism and form such an intricate eomplcx that,  for  the  present,  they  are groupea under 
onc name. They  are  in  part igncous, in part marine  sedimentary. KO later  marine  Sediments 
occur. The only ather  scdimentuy bcds are  the  early  ‘rertiary  ccnglomerates  and  tile  Pleisto- 
cene  gravels, sands, and  silts  of  fresh-vatcr  origin.  The  dominant rock types are ignwus, 
including  deep-seated  intrusiolls of batholithic and Dossilils laccolithic  structure, dylrcs, surface 
floms, and volcanic  fragmentals.  The abscnce of sedimentary  deposits of Bnoxn  age  makes  the 
correlation of the  great  series of igneous rocks a matter of much uncertainty.  Some  types are 
so similar  in composition that  a slight  ?,ariation  might  produce a facies  in one very nearly 
r ~ ~ e m b l i n g  a rock tJDe which is  ordinarilS  quite  distinct  and possibly of different  age  and 

end results havc been produccd from xocks that 15.erc no  doubt  originallJ- quite  different. 
origin. .4dded to this,  the  action of mineralieing solutions has so altered the rocks that  similar 

U o m t  EoDerts Fornmtion. 

structure and rather  severe  ~etamorphisln has. as >-et, made  their separation impossible. Some 
8 s  mentioned  abore,  this  is  not a Single rock tJ-pe, ‘but  consists of manr  vhose  intricate 

of thesc types are quite  distinct arid they w-ill he described,  but no attempt  ail1 he  made to  
outline  thc  distrihution of each. 

Thc  largest  exposure of this complex VCCIII’S as a bvond band on the weStCr11 slope of Red 
mountain,  and,  cxcepting  for a band of igneous rocks oaxmying  the  valley of Little  Shecg creek, 
extends wcll up the  easterli  slope of Xonnt llobcrts, from  which  the  formation takes its name. 
Other  small  outcrops  are  found  in  the  Deer.Sar1c  range  and 011 Honte  Christo and Columbia 
and IZootcnas monntains. 

Three  types  arc  found  with  gradations  from one to the  other mhich Seem t o  argue  for a 

conditions.  These types are :-- 
close rclationshig  in  dcposition,  although the cnd numbel’s may bc deposited  under Very different 
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(a , )  A soft hlnc,l<, possibly carbonaceous,  slatc: 
jh . )  Lighter  colonred, harder, :md more  arenaceous  slatc: 
io.) Tufaceous beds, mith possibly intercalated fi0n.s. 

The first two tl-pes  often show a distinct  gradation  from one to tile other, alld this seeins 

soft,  bery  fine-grained,  and dense. The lighter  slates are niore areuaceousI and, a t  times, 
to  be due to  origiilal  differences  rather  than to alteration  since dcposition. The black  Slates are 

calcareous. The arenaceous forlus are finely banded,  due  both to differences ill colour and in 
siEc of grain. ' I t  is possible that  they are, t o  some esteut at  least,  tufaceous.  Tqe  calcareous 
varieties  often  contain  cherty  concretions,  and  it  as in Such a variety abore the 0.K mine that  
Mr. BrocK discovered the only fossils yet found in  this  formation  in this area. In all the  slaty 
types the  partins seems to be a1wnz.s parallel to the  original bedding. A tufaceous  rock, very 
probably belonging to  this  same complex-. outcrops on the road to the  Colun~bla alld IZooteItay. 
It is light buff in colou~',  but  little  altered,  and shows indistinct bedding. In a great part of 

nated  plcntifully  throughout thelil has so altered the origiualrharactcr as to  make  the  recognition 
the area  where  thesc rocks are exposed silicification  and  the  alteration of the  sulphides dissemi- 

no doubt  that  part ah least of the  sediments  are  underlain a t  a slight  depth by the  illtrusire 
of their  nature and structure very difficult. The dip  is by no 1ne:lns constant.  There seem 

batholiths. These intrusions  have to  a greater 01' less degree  disturbed thc strata  above  them, 
aud where erosion has  reached down almost  to  the  igneous 1'0cli the  sediments  esposed arc tilted 
and  tWsted  out of the  i~orrnal  dip  and  strilcc of the  rocks  farther  from the contacts  aud  not 
so directly  affected by the igneous body. The arerage  strike  is  nearly  north and south, and 
on  the  n'estern slope of Red mountain l.he dtp  is to the  Nest at lmr angles. On the  eastern 
slope of ,\lount Roberts the beds are tilted up sometimes  into  vertical positions. Apparently 

probably ail old  fault. 
the igneous rocks  sepainting  the  two areas !~-eru intrudcd ,along a line of structural  wealucss, 

The effect  of the various  igncous  invasions on the Nonut  Robeuts  formation hxs been yery 
considerable. The mechanical  effects  have been the  fxactoring and tilting of the  older zoclcs; 
the chemical  effect is espressed by their  severe  alteration.  Thc  amount  of  pyrite,  pyrrhotite, 
arseuopgritc,  and chalcoln'rite disseminated  through the rock is ,sufficient to  giw  the  surface a 
reddish  colour  in  inany  places  from the oxidation of thesc  minerals.  Sulphides can be deposited 
contemporanconsly in  sediments,  but  the localization of the  disseminations at  Itossland along 
certain zones, rather than in  certain beds, is evidence that  they  are  introduccd  rather  than 

sulphides of the  se~liments probably come also from  igneous  sources. Silicification also accom- 
original. Sn1i)liides were deposited iD tlle veins  from igneous sources, and tl1e dissemiuated 

pauied  the ore-deposition and  the same process  affected  'the  sediments. The @fleet does not 
seem to be any nlore pronounced near the  intrusivrs  than  farther  away.  However, OYCS a large 
par t  of the area the layer of Mount  Roberts  formation  that  covers  the bntholitlric rocks is rather 

is consiclernble. Also the igneous  rocks  often  cut  across  #the  heading, and hence imprcgnaliilg 
thin, and so no part is any great distance  from igneons rocks even where  thc  surface  distance 

solutions Iiave had a fRvourable  opportunitS to enter  and ditfuse through the beds for long 
distances. 

considerabl3-. Argillaceous, arenaceous, ana  calcareous s h a h ,  possibly r i t h  conglomcsatic 
Tho  conditions under which the  various  rocks  of  this  period  were deposited must llave varied 

members, arc assoeiatcd  lrith  volcanic  fragmentals. 'The lmrrr beds are almost  entirely  shales 
and were  deposited probably under subaerial delta  conditions  and  in  shallom Fates near shore. 
The occurrence of inarihe  orgallisms s h o ~ ~ s   t h a t  at some periods  the sca corered  this area, and 
the  presence of some limestone marlis an  interval of fairly deep and  quiet  waters. At different 
times  and becoiuing inore frcqnent'in  the  latter  part  occurred  volcanic  eruptions. The flue 
ejectamenta ~ e r c  well assorted,  probably by falling  into  the sea, am1 now form well-banded 
tufaceoos lasers.  These becom? mope and more frequent  until tire conformable beds rnfwrrd 
to the  Triassic  consist  laggels of such  material.  Thus  the  roek  record of the  Xount  Roberts 

mith which are Rssocinred marine beds. There  vas  considerable  contemporaneous  volcanic 
formation is tha t  of n lan(l area of .slight  enough  relief to produce fine-grained delta  deposits 

activity, and as an end  stage  either  lllc  land &isamx?ared entirely or becainc so Imv that  tufaceous 
material  constituted  the  whole  supply of debris. 

character aud on a few 1)oorly preserved fossils. On the  basis of the  organisnls i t . h a s  been 
The determination of the age of the Blount Roberts fonnation depends on its  lithological 
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believed to be Carbonic. I~ithologicaily, it is rery similar to the Lower  Cache  Creek  series, 
described by Damon.* ITis description of such rocks n n  the  Thompson  river is perfectly 

continental  character of the  sediments  in  southern  British  Columbia. €le says:- 
applicable to the Mount  Roberts  formation a t  Rossiand. He recognized the shallow water or  

'' In  the  southern  part of British Columbia the C.ache Creek group shorn some evidence of 
littoral  conditions  tomard  the  west  slope of the Gold ranges, probably  indicating  the  existence 
of land  areas there." 

Carboniferous.  This  late  Palaaeoic  series  apparently  covers x large  area  in  southern  British 
Cmplebyl. also describes a similar series  in  Washington and assigns  it proorisiouaily to  the 

The  present outcrop of strata  referable  to  this  period  forms a broad north-and-south  beit  extend- 
Columbia and  Washington,  but how extensi%n? the  original  area of deposition lvas is unknown. 

ing  north of the Thompson  river and south of Republic,  Vashiugton.  Enstward  it  thins  out 
against  the  drclleau'of the Selicirks, and restward  it  disappears  under the Columbia larn plains. 

TRLiSSIC. 

The rocI<s referred  to  the  Triassic  nre  volcanic  fragmentals,  with  associated f l o m  axd 
intrusive innsses of augite  porpiiyrite  with  accompauying Iiylres. S o  fossils occur in  the  clastic 
roeirs and the corre1,atidn is gurely litboiogical. 

The C l ~ ~ f i c . ~ .  

It is believed that  in the  highly  inclined beds forming  the slopes of Nount  Roberts the heas 
rise in  the  tIme+cale going n'estrvard. The lon.er'8lopes consist of the  slates n.ith intcrbedded 
tuffs  assigned  to  tbe  Xount  Roberts  formation. Highel: up the  moulltain,  and presumably 

the slates of the  typical  Jlount  Roberts  formation. These latter beds xre illaced as Triassic. 
sounger in age, the volcanic  fragmeutals hecorne the  dominaut rocks and finnliy entirely  replace 

They  are  made up of fragments of volcanic  material of a11 sizes;  some of the beds are  agglomer- 

.dense with a conchoidal  fracture.  The  milterial  is usually rather  perfectly  sorted,  producing 
atic,  but nlost of the  series  consist of finer  mnterinl, ilr some yI.aces so fine that the rock is verp 

The beds are nearlg  mrtical at  times, but ordinarily tile dip is steep  to  the  \rest. So f a r  as can 
a veil-marked banding  often v i t h  very thiu 1amin:c. The colour varies Prom light t o  dark grey. 

be seen, the upl>er beds  .are  absolutely  eonfoim~ble on the lo\ver Xauut  Roberts beds "1) to a 
point about 100 feet below the  summit of Mount Robcrts. The  effusire rocks capBing the penic 
are  horizontal,  and  for  this reason hare  beell assigned  to a later  yeriod.  Associated r i t h   t h e  
ciastie bells are thin dykes and possibly interbedded f l o ~ s  of rocks \Tit11 about  the composition 
of andesites. 

Augite  Porph!wite. 

of the  district.  This  is tile augite i)orpIr3-ritc brhich is the surface rock on Columbia and ICootenay 
The  parent rock of these small intrusires  and 1lon.s forms onc nf tile  iniportunt rocI<-masscs 

mountain, 011 Red  mountain, and at seyeral  other points. 
In xPllearance  there  is  some  variatiou  ill  these clifferent localities,  but  in  general tile rock 

is fairly  constant  in  its  eharacteristies. On Red Xountain i t  is aeep green in cnlonu, with  stout 
greenish-blacir prisms of pzrorene usuallr visible to the uaiced eye. Hornblende ueeclles and 
laths of feldspar  arc  sometimes pl'esent. The  size of the  individuals  mries greatly, and often 
in  short  distances  the sock will change from a tylle crowded n.ith large well-formed DhcnocrJ-stS 
io  a dense; deep green  variety  with no 1)henoCrysts ~isible.   This may be due to  the  agglomeratie 
S~ti'llcture that can often bc Seen 011 veathered su~fz~ces, oral patches then  shonlng  vith a lighter 
colour than  the  snrroundiug rock. These seeill t o  be of the  same  composition as the rock llet\Teen 

eation,  tile fragments being recemented ,by 'the  same  magma. but the new crystallization ,having 
them, and probably  represent  fragments producetl by a slight  morelnent  after  the  first  crystalli. 

a finer texture. 

of these  master-joiuts  is  not constant. In the north-east  4rif.t of the fourteenth  level of the 
111 ali  tspes of the [mi'llh3'1'ite a pintp jointing  is a t  'times rather  pronounced,  but  the  direetiou 

Centro Star the  strike  is X. 14" E.> dip 65" E. East of the sbaft on the same ]ere1 strilie 

! 
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is N. 73" E.; while  still fa ther   eas t   in  1:he same  drift it is N. 65' E., dip S5" S.E. In the  same 
worizings a contact  between  augite poq1hyri.tei and  diorite  porphyrite  is exposed. The  platy 
jointing passes from  one  rock  into  the  other  without  any  apparent  change. 

along  the  borders sends out  sills  into  the sedimen'ts, but on the whole has an irregular  contact 
The  relation of the augite  porphyrite t o  the  Mount Roberts is tha t  of a n  intlxsion which 

and  breaks across the bedding. It seems to  have a laccolithic'  relationship  to  the beds, which 
are  found both allove, and below the  porphyrite  in  some of the mines. Apparently  the  augite 
porphyrite  is  the  deepseated rock representing  the  volcanic  period  in  which  the  tuffs  lying  above 
the Dlount Roberts~slatee  were  ejected. Its consolidation  thus  represents a considerable  length 

understood. 
of time, and  the  production of Lhe agglomeratic  structure  found  in  the  porphyrite  is  more  easily 

The  contact  between  augite  porphyrite ana other  igneous rocks is seldom  sharp,  but  the 

the  case  between  diorite  porphyrite  and  augite  pxphgrite and between  mowonite and augite 
typical  rocks  are  usually  separated  by a zone of hybrid rocks several  feet wide. This  is 

porphyrite. Silicificatioll by mineralizing  solutions  has  also  served to NaSk contacts.  Diorite 
porphyrite occu1's in  hands  in  the  augite  porphyrite in a was that  suggests  dykes, bu t  often a 
gradual  transition  from one to the  other  seems to argue  for  differentiation.  Thus  typical  diorite 
porphyrite  with  needle-shaped  plagioclases  and  hornhlendes  gradually  acquires stout augite 
prisms,  and  finally  the rock becomes typical  augite  powhyrite.  However,  the closely similar 
composition NZLY make possible the  crystallizing of pyroxene  from a hornblende  rich  magma 

ancc of a trall~ition rock mhen in  reality  tho  diorite  porphyrite  is younger. 
near  ,the conL7ct with  pyroxene-bearing n%li-rocks, and so the bordev-zone may have  the appcm 

Again,  in  the  ease of the monaonite,and augite  porphyri,te,  the  contact  is a zone rather  than 
a definite line. Wherever  typical  representatives of the  two  are in sharp  contact a fault  is  the 

the  central  area has a riaryi!lg pitch to the  west. In the  upper  workings of the War Bagle the 
explanation.  The  contact between the'eastern mass of monzonite  and  the  augite  porphyrite of 

pitch  is  very low and  the Contact surface is undulating.  The  result  is  that  the  drifts follow 
the contact-zone for  conside~,able  distances,  and  it  seems  wider  than  is  actually  the case. Iloeks 
later  than  the  monzonite  have  sharp  contacts  with  the  augite  porphyrite. 

are of late  Carbonic age, and  for  this reirson i t   has been considcred  to be Triassic.  The flows 
As bas been shomn, the  augite  porphyrite is intrusive  into  the  lower  conformable  beds  that 

interbedded mi,th the  purely  volcanic  frilgmentals  have compositions very  nearly  that of the 
augite  porphp%e and are  believed to be of the Same age.  and  hence  the  upper part of those beds 
may  also be Triassic.  Triassic  beds of great   t l1i~l ;n~s~  ?re   found both to the  north  and  south, 

Da\vson* gives  the folioving section :- 
and  in lithoiogical cilarsctey the  Rossland beds are  vers  similar to the Nicola series,  for  which 

v'ect. 
Limestone ........................................................... 20 

T u f f s  or as11 rocks passing  into  agglomerates  with some fine-grained 
Fine-grained  feldspathic  rocks  sometimes Well bedded, generally  grey 1,500 

felsites,  grey,  purplish,  and  green ................................ 7,640 
Chiefly diabase  agglomerate; serieral calcareous beds. Dark  felsites .... 3,930 

... 

Sincc  there  are at Kamioops, 160 miles  to  the  north of Rossland,  nearly 15,000. feet of 
Triassic  and 3,000 feet on the  Snake  river  to tile south;? the  Rossland rocks of similar  character 
have been assigned  to  the  Triassic,  although 110 pal,rontologicZLi eridence  has been found.' 

13,590 

JURASSIC. 

with  sonx  smaller  associated masses of other  types. The  important rocks are: (1) A represen- 
The rock types rcferr1:d to the  Jurassic  are all igneous. They are of three chief varieties, 

tative of the mides1)read grey  Nelson  granodiorite; (2) dyices and  interfingering  masses of a 
diorite  porphyrite  that is believed to be closely related  to i t ;   and  ( 3 )  the  normal monzonite. 
The minor  rock  types'are  lamprophyric dylcee. Besides  these,  some  flowrocks  may also belong 
to this age. 

a 



Xelson Craizodlorite. 

The Selsorl granodiorite  occurs as tlvo separate, roughly oral areas  just  \Test of Rossland, 
011 Little  Sheep  creek.  Three  other Small esposur?s cut u11 through the stratified  rocks on the 

extensire mass which Daly bas ealled  the  Trail  batholith.  The  edge of this  maiu  batholith  lies 
,yestern slopes of Red  Inountain.  Outside of the  ilnmedhlte  ricinity of Rossland it forms the 

at   the  lat ter place. The  type  receives  its  name from its develoi~rrrent  around  the city of Nelson, 
about hnlf-\vay from Rossland to Trail and forms  the  surface rock on both sides of the Colunlbia 

on ICootenay lake. The nsual roclc as occurring a t  Rossland  is  rather  coarsely  eIluigrallular ill 
teslure and light to dark grey i n  colour. Sometimes it LleI'elops a uorphvitic  habit,  but only 
r ~ r e l ?  s h o w   t h e  gneissoid tendency that  characterkes  the :Selson granodiorite  in  lnaw  localities. 

The  main mass of yrauodiorite  west of Rossland is  distinctly  intrusive  into the  slates and 
tuff's of the  Xount  Roberts  formation.  The sninll oval  exposures a re  completely surrounded by 
stratified rocks and seem to  iildicate that  the  batholith  underlies a large  part of the  older rocks 
at  co~nparatively sllallom depths. In the mine-worI<lrxgs some of the  deeper ler-els me in a 

seats the  tag of the Nelson granodiorite  batholith.  The  contact of the  Trail  batholith  with  the 
granular gregish rock whichl  although  sometinles  npgearing as a yery old rack, probably  repre- 

grades f r o u  sediments cnt by stringers of igueous rock to  igneous rock with  inclusions of 
Nount Roberts  sediments is n brecciated  belt  that  Daly  has  called a " shatter-eone." This zone 

sediments. naly's esplanation of the zone is that, as the  batholith  invaded the enclosing roclcs, 
the  main ~ I ~ S S  v'as preceded by a network of dykes and stringers  working out nlonx joints. 
fr:rclures. and bedding-planes. l'hese sepnratcd the roof into individual blocks vhich SLUII; into 

eh,wnber. As the ~ i l n g ~ ~ a  cooled the  borders becanre nlore and more  viscous and tlle  freeing of 
the  depths of the magllla and were absorbed. In this way ihe intrusive 1irePared its ow1 

blocks less rapid  until. as the end Stage the  border-zone solidified, retaining t l lc  rifted blocks in 
the position in  which  they  hapyened  to be. The  width of the zone in  this ease is probablr due 
to  the  present  surface  being xlnlost parallel to the  contact o f  the  batholith  with  its roof. 

The relationship of the  granodiorite to  the  nlornonite  is  rather  obscure. S o  good contacts 
with  the  normal  monzonite are esgosed,  but near the big loop of the Great Xorthern Railway, 

interfingering of the  two rocks is so intimate  that  ,the  relative  age  is uncertain, but  the nronzonite 
west of Rossland,  granodiorite and porphyritic  luonaonite  are  in  contact  in one of the cuts. The 

is believed to be the younger.  The  tongue-like  lmss of lnolleonite in  the area south of Little 

number of later basic d>-l<es also cut ,the granodiorite. 
Sheep  creek  has  the appearance of a re111 intrusion  into  the  granodiorite,  Pulaskite and a 

~xo1111bI.v vus intruded  at  the lhne of the tilting of the  Carbonic and Triassic beds. Its age  is 
Wrom these  relations the Nelson granodiorite aupcars to be 5-onnger than  the FahEozoic and 

pmbal?ly Jnrassic, as suggested by I3rocli.* Similnr rocks have been described  from  various 

molring epoch v i th  immense  accompnnying  intrusions of granitic rocks. 
other localities,  the  Jurassic  haring been over n large  part of the CoKIilieran  region x mountain- 

DiOrdtO POT/>7iyI?/. 

Occurring as irregular  tongues and masses,  es~~ecially  in  the  auxitc  porphyrite,  is a rock 
which,  while  somewhat  similar  in appearance to that  rock, yet has certain c1istinctir.e character- 

and lath-shaped  feldspars  standillg  out  llroInine11tl~.  Augite  is o c c n ~ i o n a l l ~  present. more 
istics. On the  weathered surfacc It is  quite  easily recogni%ed, needle-shaped  hornblende crystals 

comino1ds on the  borders of the Inass. The 1.0cli shorn a rather !~~vell-nlarBed fio\v-structure. 
and this  orientation of the fclds1,ars qives  it a n  almost  silky lustre oil a fresh fracture. 

The  diorite  porphyry  is  intrusive  into  the  alount  Roberts  formationl  and,  underground, 
blocks of the  s tmlifed rock sometilnes o f  large size are found entirely  surrounded by the 
porphyrp. Zvidentiy  they  hare becn torn off by the ir1truSi-L.e nnd carried to  their  present 
position. It is also appa1:ently intrusive  into  the  auyile  porphyrite.  although at  many of the 
contacts one seems to grade  into  the  other.  This may  be due either ib assimilation of the older 
by the younger rocit, or, as previously suggestcd,  to a Sort of lnass action of the  &>yroxene- 
bearing  augite  porphyrite on the  normally  hornblendic  diorite  porphyry.  resulting in the  forma- 
tion of pyrosene  instead of hornblende. 
___ 

* Surnmar~ Report, Geological Surveg of Canada, 1900, i x g e  741. 
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The covrelatiou of the diorite  porphyry as Jurassic  rests on its  aiiparelltly close relationship 

porphyritic  diorite  imrphyrs  with flax-structure is  quite  different  in  appearance from the inassivu 
to the  Selson  granodiorite.  Nineralogically  the  two are ilot uuliBc, althongh the  usually 

eqnigranular  granodiorite.  The  formcr,  imveverl by n varintion  towards a more feldspathic 
and  gianuiar roci< becomes rery similar  in  allpearanee  to the granodiorite.  The evidence of 
this variation is c l e ~ r l y  sholvn oil the serenth  level of the Le I<oi. The  first  crosscut  to  tile 
north from the lrlaill worl~illgs west of the shaft  gasses  from  augite  porphysitc  into  dioritc 
porphyry.  IIorizontnl  drill-holes shorn that  the miss is  ovil  in  section, 200 s 250 feet in 
diameter. T h e  first 40 to 60 feet of the drill-cores shorn typical  diorite porphyry. This  gradnall) 
changes  to B light  greyish  granular rock as the  central part of the Ilipe-like intrusion is reachcd. 
11 dcepcr levels  larger  inasses are encountered, and these  unite so that   in   the deepest wor1;ings 
a large part of the  conntry roclc consists  of , a  zreyish  granitic  rock  that  is  probably Xeisou 
:milodiorite. Vrom this  gradation  it seenls that  the diorite poruhrry is R horde? facies of the 

The flowstructure may be due to a par t  of the magma having reached the  surface, but. in  part 
batholith of granodiorite,  representing  the fingering out of the maglna  into tho older  forinatiolls. 

at least, may bc the result of convection currents,  since  it  is  often dcveioped in tongues  vhiei1 
certainly  did  not cmnlect vith  surface Jlows. 

Tlrc sciationslrii> betwen diorito  iivrphyry and nionzonite is a doubtful one. The t w o  are 
often  found  in  contact in the mine-worLings, but so intimately associated and so iiiic in  appear^ 

itnee Ilmt  the  relative  age  is  uncertain.  The  diorite  porphgry  is Yery frequently found  lying 

monzonite have been found underground. .\ 'dyix-lilie 111ass of it  on the surface hear the drill- 
betmeen augitc porghyrite and monzonite,'but so fa r  no intrusions of diorite porphyry into 

hail is possibly a roof im&nt  unabsorbed  iu the monzonite ilntholith.  Both  mica and non-mica 
dykes ent  the  dioritc liorpilyry, and it  is aiso intruded by dylre rcpresentatives of the later 
granitic intrusivcs. 

rorma2 illmzonite. 

of moIlzonitc. The  greater  diameter  is east  and west, with the city of Rosslaud mar its western 
Occupying an irregular  oval area five miles long by one and three-quarters wide  is a nlus 

end. The outline of the  nlaas is very irveguiar, and i t   i s  broken by inany  intrusions of later 
rocks. A broad belt of alluvium  hides  the rocks ill thc  vallw of 'I'rail creek,  but  they are 
probably mostly Inonronite. 

This area is  not occupied by one constant roek type, hut shows vide  variations  in alillear- 
nnce and in composition. !Phc most easily vecognieed raricty is a conrsely granular  daxiygey 
rocli made up o f  feldspar,  l)?rosenc,  honlblendcj and usnally some mica. Variations  consist  in 
differences  both  in  relative  quantities of i:hc various  minerals alld ill size of grain. The different 
varielies nro not xi1 st.victly of the same  pcrlod, but are often found as intrusions  into or 
inclusions in other types. 1;suails the more coarseiy  crgstnliinc and more fcidsgathic seem 
to be later  than the darlier finer-grained rocks. Sonletiines definite  fragments of onc are fouud 
in  the other, as if entire solidification had tnlcen ~ilace bcfore thc  later  rock  apgeared.  At  other 
times  the  included types seem to he secregntions o r  lmssibly earlicy  cl'gstaliizations rcsol-1~x1. 
On the ~vhole.  however,  all  these are rather  similar rock tylles and arc no doubt mercly facies 
of tile  same  intrusion. 

Aithough the  borders of the nlonzonite ~nass are very irregular,  it sends very fen- definite 
dykes  into  the enclosing formations. On Columbia and I'ootenay hill a dylie4iBe mass cnts 
acL'oss augite  porphWtc,  and  at a few  other  places  dykes  from the lliolieonite intrudc  the Alount 
Roberts. The later  age of the monzonite is best  sliown by the  truircation of ,the aiternnte  bn~rds 
of  slate  and  augite  pxilhyrite on the  ,soutliern border of the monaonite. Tindergrunnd the 
evidence is not a l w a p  satisfactory.  The mry flat and undulating  nature of the  contact a s  

contact-zone for a considerable ,distance and nmkes the  location of the point of contact difficult. 
the  monzonite  gluuges  under thc C O P ~ T  of augite 1)orphyrite allows the drifts t o  folio\\- the 

The normal.  monzonite  is  cut by a porphyritic  monzonite  that  seems to be very similar  to 
it, nna ~ l s o  'by an immense nnmber of bnnic dykes, Some of mhieh liiay represent  basic  residuals 
from  the nionaonite llIagma, while others belong to later  periods of intrusion. It is also cut by 
pulaskite  drlres  from  the  alkali  syenite and by well.nmrkecl dskcs of granite porpfiyry. A large 
dyke of this  character  is  found  south of Trail creel:, nlld others  are  found  at the Le Iloi, one 
outcmppiug just belm  the head~~osks.  
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These  latter  dykes  were  formerly believed to be related to the Nelson gzanodiorite,  since the 
largest of them  seemed  to be connected  with a mass of tha t  rock.  For  this  reason  the  grano- 
diorite  was  mapped as later  than  the monzonite. Building  operations  have exposed the  contact 
of this  dyke  with a pnlaslrite  dyke  which it cuts.  Evidently it does  not belong to  the  grano- 

' diorite  but  ,to a much  later  intrnsion.  The  other evidence seems to point  to the monzonite  being 
later  than  the  granodiorite,  and as no  definite  intrusions of diorite  porphyry  into  monzonite 
have been proved, the  monzonite is chnsidered  to  be  younger  than  the  porphyry.  The  rather 
Similar  mineralogical  Character of the monzonite  and  granodiorite  suggests t h a t  they belong to 
the Same period of activity,  the  monzonite  representing a later,  the  granodiorite  and  diorite 
porphyry an  earlier  intrusion. 

Jurassic nflusive. 

One representative of the  effusives  connected  with  the  igneous  activity of Jurassic  age  is 

part of Mount  Roberts.  The  greater  part of these  are  tilted at  high  angles.  One  hundred  and 
believed to Still exist.  As  previously  described, volcanic tnEs  and possibly lavas  form a large 

lava-flow that is horizontal,  with  its  basaltic  jointing  shoffing as vertical columns. It has the 
t~enty-f ive  feet  ,below the  summit  the  dip is 54 degrees  vest.  At  the  summit, horuever, is a 

appearance of trullcating  the  edges of the lorver beds. Its composition is   that  of an  augite 
latite  and it probably  is  the  surface  represelltation of one of the  Jurassic  batholiths. 

TERTIARY. 

Eoceae-ozigocme. 

conglomerate, believed to be early  Tertiary,  is  here described,  since  the  relation of the igneous 
Although not  occurring vithin  the  limits of the  special  Rossland  map-sheet,  the  later 

rocks to  it   in a measure fires the  age of the  intrusives.  Two  areas of this  conglomerate  are 
found  near  Rossland.  Tile  larger  lies  ten miles to  the  west on the  top of Sophie  mountain,  the 
other  about  four miles south-east on the top of Lake  mountain. I,t is likely that  these  are 
remnants of a Once eontinnous deposit. 

with some lenticular  bands of finer material. The  pebbles range  from  grit particles in  the  finer 
The  conglolne~nte~ of the two areas  are lithologically identical. As a rule  they are  coarse, 

bands  to  boulders of a foot or over  in  diameter.  The  larger  part of the  conglomerate  has iiebbles 
averaging 2111 inch or less. Quartzite,  chert,  slaty  material,  serpentine,  grey  granite,  gneiss, 
sandstone,  jasper,  and  quartz  are  all  represented.  Towards  tile  base  greenstone  pebbles  and 
a fern angular  linlestone fragments are  present. Mr. Brock*  also reDorts pebbles of an  earlier 
conglomerate. The  binding i s  siliceous. The beds on  Sophie  mountain n o v  dip at  rather  high 

can have becn attained only by a considerable  tilting even if the  initial  dip  is give'n a masimum 
angles. They  were  probably  laid down with a considerable  initial dip, but  their  present  attitude 

value.  The  strike is nearly  north  and  south,  with  the  dig  to  the  east. 

probably  lie  in  the  same old stream-valley.  The  heterogeneity of the  materials  is  evidence  that 
The  character of the Sedillmlts  points  to  deposition by stream-action  and  the  tmo.renmants 

the  stream  was  rapid,  the finer grit-lenses  representing  deposition  in  the  eddies of the  stream. 
The  thicimess Of the  conglonlerate  is  considerable  and  the  supply of detritus  was  evidently  large, 
probably  due to the  uplift of an  old deeply weathered  land-surface.  The  character of the  surface 
upon  which it was  deposited is unknown,  since it  is now mostly  underlain by igneous  rocks 
intrusive  into it. 

The  pebbles of the  conglomerate  are  derived  from  the  slates  and  greenstones of the  Mount 
Roberts  forlnation  and  from  granitic  rocks of the  type of the Kelson granodiorite  and  the 
associated  series.  Many qf the  fragments  come  from rocks not  known  in  the  immediate  neigh- 

in   the conglomerate.  Brock"  mentions  such  dykes  and  refers  them to the  Rossland  granite. 
bonrhood. On the \Testern side of Sophie  mountain a 6O-fOOt dyke of porphyritic  rock  occurs 

The  Lake  Mountain  conglomerate  is  cut by a fresh  granitic  rock  which  Daly  calls  the  Sheppard 
granite. 

On the basis of a rather  scanty  flora Daly has  referred  these beds to the  early  Tertiary, 
and  from  their  general  character  they seem to be similar  to  the  Kettle  River  conglomerate  and 

* Surnrnary Report, Geological Survey Of Canada, iS00, page 676 
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to  the  Coldwater  group  described by Uarvson in  the ICamloops district,  both of which have been 
considered of Eocene-Oligocene age. 

Miocene-Plioce%e. 

rocks. The  earlier of thcse is  represented  in  the Rosslarid area by the  pulaskite  dykes  which 
Intrusive  iuto the  early Tertiary  sediments  are  batholiths of two distinct  types of acidic 

a re  believed to 'be tongues  from  the  Rossland  alkali  syenite,  the  main  mass .of which lies  three 
miles north-west of Rhssland.  The  later  intrusive is the  Sheppard  granite  occurring on Lake 
mountain,  and  to i t   a r e  supposed  to belong the  granite-porphyry  dykes  found 11ear Rossland. 

Three  large  tongues of pulaskite lie close to  the  important miues. One lies ves t  of Ked 
mountain,  stril<ing  north  and  south,  another  forms  the  ridge at the mestern  end  of Columbia 
avenue  in  the torvn, while a tlIird lies  south of Trail  creek on the  slopes of Deer  Park  mountain. 
Many  other  dykes  are exposed along  the  upper  road to Trail,  the hrst of these  forming a well- 
marked  ridge as far  north as the Colanzbia ana Kootenay mine. 

The pulaslrite is usually a coarse-.textured  pure-white  to deep-pink rock,  made up almost 
entirely of large  lath-shaped  feldspars  'with some hornblende and biotite. In  the  typical  rock 
the  dark-coloured  minerals  are  very  subordinate in amount.  The  pulaskite  has been little 
affected by metamorphism and  resists  weathering  agents weli. As a resuit,  the  outcrops of the 
dykes  form  prominent  ridges  with a thin soil co17er. 

~nou~itain  intrudes Mount Roberts  sediments,  the  elliptical  mass iu  the  town is intrusive  iuto 
The  pulasliite cuts all the previously d w r i b e d  formations. The  'broad  band  west of Red 

normal monzonite, and  the  dykes on the  Trail road cut  porphyritic monzonite. Near  the Le Roi 
mill,  in a rocI~-cut on one of the  railvay  spurs, a narrow  pulaskite-porphyry  dgke of peculiar 
spotted  appcarance also cuts  porphyritic monzonite. The  pulasirite  is  cut by very  few  dykes of 
any  kind. On 'the  Trail  road a basaltic  dyke a foot  wide  cuts a pulaskite  dyke  about 50 feet 
wide. The  strike of the  two  is  the  same.  Formerly  the  pulaskite  was  thought  to be the  youugest 
important  formation  in  the  district.  Building  operations  in  the  part of the  town  south of Trail 
creek  have, homevcr,  exposed to better advantage  the  pulaskite  tongue  and  the  granitc  porphyry 
with  which it is involved. The  latter  cuts  across  tlle  pulaslrite and shows a chilled zone along 
its  borders. 

Granite Porphyry. 

The  granite  porphyry is a  light-coloured distinctly  porphyritic roclc v i th  phenocrysts of 
white  feldsilar  set  in a ground-mass that  is  sometimes a faint pink. It is  very  fresh  and 
unaltered eVeu in the  vicinity of the ore-deposits. T ~ o  dykes of this rock of some size  occur. 

on the  street.  The second is  just below the  Le lloi head-frame.  This and several  smnllcr ones 
The  larger of the  two is found  with  the  pulaskite  south of Trail  creek,  exposed as a small bluff 

are cut by diamond-drill holm underground. The Strike of dykes of this  intrusion is unique, 
bciug aln~ays  nearly east and west, while tlle  strike of a11 othcrs  is  north  and  south. 

The  granite  porphyry  is  very  similar to what Ualy has  called  the  Sheppard  granite, a 
small  exposure of which occurs 011 the top of Lake luoulitaiu. This  is illtrusiw? into  the  early 
Tertiary.  The  relation of the  Ilulaskite  to  this  conglomerate  is also intrusive, and hence  these 
two igneous roclcs are  Xiocene or Pliocene  in age. S o  'basic dylces are  found  iu  tlie  granite 
porphyry, and hence  the succession of these  late  Tertiary  rocks  seems  to be: (1) Rossland 
granite and associated  pulnskite; (2) basaltic  dykcs; and (3) ShcPpard  granite and associated 
granite  porphry. Ylhe physiographic  relations  preriously  discussed  make  the  age of the  porphyry 
late  Xioceue  or  early Pliocene. 

Dglces. 

Besides  thc  dyke-rocks just mentioned  Rhich  can be referred to  batholithic  masses,  there 
a re  au immense  uumber of dykes of various  kinds, many of which  likely  are the final  expression 

Tcrtiary. 
of Jurassic  igneous  activity,  some of  Which are of earlier agc, whilc  othcrs  arc  undoubtedly 

Povphal,.itic Monzonite. 

like  forms,  are  found  in  the augitc porplryrite, Nelson granodiorite, and normal monaonite. Thc 
Many  bodies of this rock,  both as pige-shaped  i~ltrusious aud as more  or less regular dyke- 

 roc^ is  dark  grey  and  very  fresh. It makes a rather  handsome  building-stone and has heen used 
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in some of the Rossland  public buildings. Mineralogically, it: is much like  thc  normal monzonite, 
but  in  the  Ymir"  district a gradation  from a very  similar  porphyritic mollzonite into a pulaskite 
has been observed. In   the case of the Rossland rock, however,  no  such  gradation  has been seen 
and  dykes of pulaslrite are found  cutting  the  porphyritic monzonite. The most prominent 
nlinerals of the  rock are pyrosene,  feldspar,  and  biotite.  The  pyrosene occurs as  well-formed 

smaller  than the 0s-sosene. 
b1ocl:y crystals up to  a  quarter of an inch  in  length.  The  feldspar  is usually white  and a little 

Lamprophure Dulies. 

These  dykes occur by hundreds  in  thc mine-rvorkings. In Sonle parts  they  are so cloSelS 
spaced that more  dyke-matter  than  country-rock  is to be sf!en in  the  drifts.  The  strike of all 
the  lamprophyres  is  almost due ilorth and south, the  rariation being so slight  that  thc  strike 
of the dykes can be talml as a guiding  direction  undergronnd.  The size of the various dykes 
varies  froni the width of a knife-blade up to  tile immense Josie and Niolcel Plate dykes,  the 
latter measuring 225 feet on the  elerenth level of the CClktTE Star. The  dip  varies, but whether 

the dy1;es that correlation, eYen lor distances of a few  hundred  feet, is  impossible except in  the 
to  the  cast or rvest is umally high,  although  alniost flat dylces occur. Faulting has so dislocated 

larger ones. There  is also often  a  change  in  character  in  what  seems  without  doubt to  be  parts 
of the same dyke. Thus mica dykes  in  depth  sometimes become non-mica higher up, and  large 
dyim  carrying mica divide  into  smaller dskes tha t  show no mica. Thus  the  distinction com- 
nmnly made between  the  dykes as '' mica " and '' non-mica " does not  always hold, although it 
iiemcs as n useful ficld ClnsSiliCBtiOn. A few of thc  more striking types will be described. 

Ull7ies of the Josie Tupe. 

D ~ k e s  of t h i s   tme  are by far   the  most ~ n m e r o u s  of all the  occurring  types. Some of them 
are  large and  traceable  for a considerable  distance  on  the  surface  and  in  depth.  They  cqnsist 
of Soft black rocks with very abundant  biotite.  They are very  easily  eroded an8  the  outcrop is 

considerable  trouble ill mining, and wherever  the dykes are  large the drifts haye to  be timbered. 
nlariml by gulches. Faults are localiaed  along them, and  this along  with their  softness  gives 

1.sually colunrnar  strnctarc docs not show, nor are the  dykes  noticeably finer-g'ained against the 
wall-rock. Later dykes, usually non-mica varictics,  are  sornetimes  intruded  along the malls of 
mica  dykes, or, as in  the Xic7;el Plate, in,the  mass of the  dyke  itself. At times a later dJ-ke can 
be seen follor\-ing one mall  for a distance,  then  cutting across and  following  the  other mall. 

rcllce at the Sicliel Plate mine, thc dosio dyke  cut hy the Josie shaft, and its offshoot the 
The prominent rep1'CSentat.iVes  of this  tSpe are the Xiclcel Plate dyke, named  froni  its occur- 

Tvawvloay dyke. The rocli in all these has a practically  identical  appearance. All dip at steep 
angles, tlic ?7<ckel Place bcing allnost  vertical,  while tile Joaie dips  steeply  to the vest.  The 
!I'ranvltia?~ is a smaller dyke and  joins  the Josie both  horizontally  and  in degth. 

wa,. Nagile TfJpe. 

rather closcly rclated  idorigin. They are  dart- grey  to black, depending on  the relative amount 
In this gronp are iucluded dykes mitll a rather wide petrographic range, but  apparently 

of feldspar, which is usually thc onis macroscopic mineral and as a rule has needle-shaped 
'forms.  These  dykes  have  marked  colulnnar  jointing and so are  easily  distinguished  from  the 
dykes of thc Josie class.  They are iatcr  than  the Josie dykes.  The clricf large  and  persistent 
reprcsentatives of the War  Eagle type  are the Zast and West  War Eagle dykes, r h i c h  consist 
of a band of parallel  and  rather narrom (iylies which  unite and divide  along  both  strike  and 
dip  in the pwst  intricate  fashion. 

Cent%? Star D2~7~e. 

zone similar  to  those  described above. Relow the  sixth lerel these  separate  tongues  unite  into 
Tlm Centre Stnv dyke, like  the I2lrs1 and 'West We)' Eagle BJ-lies, is i n  the  upper  levels a 

one  broad  strong dJke so different  in appearance that  it   merits a separate  description. It is 
traceable to the  deepest  ~vx"~ings,  attaining a width of 2: to 30 feet. It has marked columnar 

is rery similar  to  the  porphyritic nionironite pre7Tiously described. 
structure.  The rock consists  chiefly of feldspar,  pyrosene, and mica. and  in  general  appcarance 

~ 

9 Tmir .\lining  cam^, Xlcmoir 94, Geolosicnl SUTPPI- of Canada, nagc as. 
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The  character  of  these  fans  varies With the character of the  depositing  stream, being coarse in 
the  case of rapid  streams,  finer  in  the  case of less  rapid  streams,  and  varying also with  the 
character of country  through which the  stream fioivs. Trail  creek  is  building a delta  in  an eddy 
of the Columbia r h c r  which  is  made  up of the very fine silts previously  mentioned,  which i t  is 
eroding  in  its  lower course. 

SKETCII OF GEOLOGICAL HISTORY. 

only from  late  Carbonic  times. The conditions  then obtaining  were  marine, as shoqn by the 
The geological history of the region as interpreted from  the  preceding descriptions i s  recorded 

limestones,  occasionally developed, and by the presence of marine fossils. The  predominance 
of the  clastic  sediments  that  form  the shales is evidence ,that  the  area  lay  near  enough  the  shore 
of that   age to receive the  finer  sediments  brought  down  from  the  old  land.  There was con- 

this  increased  steadily  throughout  the  Triassic, Which is  almost  compieteiy  represented ‘by tuffs 
siderable  volcanic  activity as shown by the  tuffs  interbedded  ndth  ,the  marine  sediments,  and 

and flows. The  intrusive  representative of this  period  is  the  augite  porphgrite  mhich  seems to  
have a ronghly  laccolithic  form  in  the older part of the  sedimentary series. 

‘A period of disturbance  tilted  the  clastic beds, and  these  were  truncated by a11 erosion 
period, since  the  volcanic  fragmentals of the  latter  period  do  not Seem to be conformable 011 

the  lower  strata.  The  first  great  batholithic  intrusion of rocks of granodioritic  composition 
was  probably  the  deep-seated phenomenon n.hic11 accompanied the extrusive  volcanic  activity 
represented by these  later  tuff% 

A long  period of denudation,  Insting  throngh  the  Cretaceous  and  Ixobably  part of the early 
Tertiary,  cut deeply into  the elastics, f l o ~ s ,  and  intrusives, possibly reducing’  the  whole  region 
to a condition of post-maturity.  This  period of active  degradation of the  land-surface was 

remnauts  still  left,  are  conglomerata  with  great  and  sudden  variations  in the size of the pebbles. 
foliomed by river deuosition  in  the  Eocene  and Oligocene. The  deposits, as shown by the 

They seem to  have been laid  down  in  fairly  rapid  streams. 
This second period of sedinlentntion was followed by the  intrusion of a series of batholiths 

of alltoline  character  represented by the  gnlaskite  and by the  Sheppard  granite.  There  are no 
extrnsives recognized a s  belonging to these,  since  the  erosion  periods  that follomed have  scoured 
of€ great thicknesses of overlJ-ing rocii. The   las t  of these  intrusions  may  have been in  Pliocene 
times,  and  it  was foliomed ,by a geriod of erosion long enough to ailom a surface of low gradients 
to  derelop, bevelling the  formations  and  esgosing  the  latest  granitic rocks, so that they n o ~ y  form 
the  surface  formation  over  wide  areas. 

Eelves in  stcep-sided valleys to a depth greater than that  of the present valleys. This ueriod 
Uplift of this  post-matured surface as a unit  rejuvenated the Streams which incised them- 

of gorge-cutting oocupled the latc I’lioccne and nust haT-e been of long duration,  probably  estend- 
ins  into  the I’leistocene periud. The cliniatic  change  which  brought .on the  glacial  period 
probably  had as its first eflect a period of valley glaciation. A S  the  cnnditions became more 
extreme  the amonllt of  ice  iucrcased  until  the \Thole Cordilleran area \vas covered, excepting 
the  higher peaks. Return of more norlnal conditions  again  brought on valley glaciation. One 
of these  tongnes occupied the Columbia valle. for Some time  after the disa11l)earanc~ of the ice 
frVln thc neighboui‘ing country.  The  hcav? erosion by these val le~’  glaciers  sugylied  thc  main 
s t reams  xi th  allulldallt  debris,  vhich filled the old valley to a considerable  depth.  Escavntion 
of this  is  still goink on, and  the  alnnnnt of material already  removed em be estimated by the 
tcrraces  at  sereral  elcmtions oil the Cnlmnbis  and  its  main  tributaries. 

present fol.llli11g such a deposit  in the eddy where it  joins  the Columbia. 
In xeccnt times thc streams  hare built small deltas  at  favourable places. Trail  creek is at  

E C O ~ O X I C  GEOLOGY. 

IIISTVRICA~. RET~IEW. 

The  earlicst  mining  in  the West IITootenay District was that  done far letrd b1- the  Hudson’s 

ever, din not develop. At the time of the Gariboo placer  actirits- solne of the ln’ospcctors 
Ray Company on ICootcnay iake in the ens19 tu’enties of tile last century. The  industry, how- 

creek lmst tile present  site of Rossland  to  the East Kootenay  IliaccrsI was built. In the eighties 
v*.orl;cd aiong lllc \Test ICootenay creeks,  and  in lSS.3 thc DerYdneJ- trail,  passing .down Trail 
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the  Bounaary  District mas sbked.  In 1SS3 ore was discovered a t  Ainsworth, on Kootenay lalre, 
and  in 1SSG discoveries of rich ore near  the  present  town of Nelson led to its establishment as 
a tmding-post. , T h e  first  claim  to.be  staked ill the  Rossland  district was the LiZu illall in 1957. 

creek  and  in  one  day  located  the Centre Star, W a r  Eagle, Idaho, V'irgil~in, and Le Rot claims. 
It mas relocated  in 1889. I n  1890 t r o  miners  from  the Ltb11 Ma?/ crossed  the valley of Trail 

of $12.50 for  recording fees. 
The Le Roi, which  afterwards became such a n'onderful  producer, \vas given for the  payment 

of a wagon-road  to  Trail  in 1893 led to enough ore being  shipped to  encourage  investments. I n  
Development was at first slorv owing  to iaclc of transportation  facilities,  hut  the  building 

1S95 the  Trail  smelter  and a tramwxy to the mines were  started,  the  smelter  beginning  opera- 
tions  in 1596. In  that   year came  tlle fisst mil\vay connection, the  Red  Mountain  Railway  to 

considerable  extent. As a result of the  failure of the  small.  original  companies,  strong  corpora- 
Spokane. A period. of infiation  followed by the  nsual  depression'  retarded  development to a 

tions were formed  and  up-to-date  plants  mere  installed,  with a great  reduction  in  working, costs. 
A further  step  in  this  direction was the  construction of a power plant   a t  Bonnington  Falls,  on 
the  Kootenap  river. I n  1S99 a sudden  decline  in War Eagle stock  had a bad  effect on the 
reputation of the camp,  and  labour  troubles closed some of the  mines  for a part of 1901. 
Litigation  over  the  troublesome  apex  law  nuder which the  claims mere staked  added to the 
difficulties,  but  this  was  finally  settled by ,the  amalgamation of the  companies,  and  the develop- 
ment of the  camp  in  recent  yeass  has beeu steady  and  uninterrupted. 

TYPES. 

The  Rossland  occurrences are of two classes,  gold-quart8  veins and biotitic gold-copper 
deposits. Brock  has  classified  the  latter on the basis of structure as: (1) Fissure-veins  with 
or Nithoui  replacement of the  country-rock; (2) lodes or mnes of fissuring or shearing  with 
the  ore-minerals  forming a network of veinlets in  the fractures  and  eating  into  and  replacing 
in whole or in  part  thc  intervening  fragments of the  country-rock,  replacing  the mall-rock or 
developing  along partiwlar  fractures; (3) irregular  iinpregnations  in  the  country-rock. 

SISSUBING. 

The  more  important  ore-deposits are of the  first  two of these types, and the fissure systems 
seem to have  controlled  almost  entirely  the  payable ore. The liisuring is extremely complex and 
of different ages. It may  best be considered as (1) fissuring  taking  place  before  mineral dcDosi- 
tion  and ( 2 )  fissuring  after  deposition.  Not  all  fissnres of the  first  class ase mineralized, and 
no doubt  there are fissures  iater  than  the  earliest ore-deposition and earlier  than  the  last 
important  introduction of minerals. Of the  earlier fissures there  are  then  two  varieties- 
( a )  mineralized  and (7,) non-mineralized.  Zven  the  mineralized  fissures are not simplc i n  
history,  but  probably  represent  two or more periods of moYement, with a distinct  character of 
mineralization  connected  with each mor~cment. 

between the Josie dyke on the  west and the Niokcl l'lntc dyke on the  east.  Within  this 
The area of most intense roclc-dislocation lies on the western  slope of Red mountain, mostly 

limit  the  most  iml~ortant  ore-deposils so far discovered are  situatea.  The  most pronounced 
fissure is 1rohabl.y that of the Le I<oi-Ce,rtre Stw' vein  system.  The  strike of this  is  approsi- 
maiely X. GO" E. : the  dip rather steep  to the north,  with an average  betwecn  the second and 
twelfth  levels of 80 degrees. 11  the Centre Star workings it is a fairly  definite  singlc zone, but 
in  the Le Rot i t  divides  into  three Lnomn as the  main,  north,  and  soutli veins. !l%e W a v  13ngZe 
is  much  less  rcgular. Its general  trend  is about X. G5' W., the  dip t o  the  north-east.  Bctveen 
the  first  leml and the eighth  the  dip arcvnged 62 dewvees. The  c~ntinuation mas not  found on 
tile ninth level, bu t  a diamond-drill hole ran into ore 570 feet to the  north-east of where  thc 
vein  should  have been. This  has been  followed dorvn\%x'a to  tlle  sixtccnth  lerel rvith nn  averngc 
dip of 3s degrees. It has  been considered  that a fiat fault  had  throml  the  vein t.o the estcnt 
indicated. Recently, however,  what seems to .be tlle  continuation of this lomer zone has been 
found above the  ninth  lerel,  and  it seems likely  that  the  two  are sellarnte parallel shear-zones. 

The Josie system  is  approsimatel3'  east and  est. The Aoll?/uicZZ i)arallels  the Centre Slur 450 
Three  other  vein  systems ase recognized, but both  the  dip  aud  strike of these are variable. 

feet  north of that  zone. The I'elpon has a strike of S. 30" W. A peculiar fcntore  ell marlrcd 
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in some parts of the IIolZ~zcelZ reiu is an opening of the  platy  jointing of the rocks. The  filling 
of these  wedge-sha~ed openings from  the  main  fissure  gives an irregular  serrated  margin to the 
deposit. ,The  character of the  fissure  in  the  igneous  rocks  remains  fairly  constant,  but a rather 
general  association of the  fissures  with bhe contacts  between  diorite porpllyvy and  the  other 
rocks  is  to ,be observed. Thesever  the  fracture-zones pass into  the  slaty  rocks of the  Mount 
Roberts  formation  the  fissures  lose  their  clean-cut  definite  naturc and become zo11es  of mashing 
and  crumplirlg  in  the  soft,  yielding clastic formations. 

Fissures  previous to the mineralization  but not themselYeS carrying mineral arc numerous. 
They  are  characteristically  neuriy  due  north  and  south  in  strike, and the dip. lnay be either to 
the  east OP west,  but  is 11sua1Iy a t  high angles. The  majority of these hare passed  through 
more  than  one  period of movement. The  earliest  dislocations  vere  associated  vith  the  intrusioll 

soft  dykes have  localized all later  fissuring tending  to  anything  near  ~~ardllelism  with  them- 
of a great number of lamljrophyric  dykes mostls carrying  large alllounts of biotite.  These 

selres. Nearly every one of them  has  well-marked  faults  either  within  its  own mass, alollg 
one or both \vaIls. Tile s1icl;ensides show that  these  sui~selluent  ~loremellts  have sonletilnes 
taken  place  in t\vo directions. On tile  third level of the Wur  8 W l e  t r o  sets  were  observed 
011 the mall of a mica  dyke, m e  of which was rertical,  the  other  dipped 20 degrees to the  south. 
Later  fractures  cutting across the  dykes lose their  clear-cut  identity  in  tile drlce material,  while 
those m a t  meet  them a t  a small  angle  are  deflected,  in  some cases never  emerging on the  opposite 
side, in  other  cases only after  having run parallel t o  the  dyke  for solne distance.  This 
phenomenon Sometimes gives  the  dyke  the  deceptive  appearance  of being younger  than  the 
faults  crossing it. 

The  age of the  fissures  is fixed in a general  EIy, Since they C u t  the  formatiolls as late as 
the moiiaonite and are beliered not  to cut  the  pnlaskite. Only a fen, basic  dykes, and these  not 

complicated System of premiueral  fissuring and its localization  may  be  explained  in  the  following 
of the irind associatea  with  @he  fissures,  are  found  in  the  latter rock. The  mechanics of the 

. nlanner:  The north and south  movements  would  naturally be along  the  previously  intruded 
lawprophyric  dykes,  and  the  amount of movenlent would be roughly  proportional to the  size 
of the dxke. There  are  two  rery  large mica dykes,  the dovie and the h'iclcel Plate bounding 
the  area of greatest  fracture.  If  the movenlent along  these mas of a differential  nature  the 
stress del-eloped in  the block between ~ ~ o u l d  be rotational, and would be relieved by a set of 
fractures  corresponding  to  the  ore-filled  fiss~rcs  described. 

bodics is not important.  The  displacement  is  in most cases only a few  feet and from a practical 
The number of fissures  later  than  the  ore-deposition is large,  but  their effect on the  ore- 

standpoint  is negligible. I n  many  eases  these secm to  have been merely an  oscillation,  oftell 

. position as before  the movement. The  strike of these  later  fissures is usually  northerly.  The 
along a n  old fault-eolie, which  left  the  opposite  sides of the  fault  in  about  the same relative 

dip  is  either to the  east or vest   end ?sually  fairly steep.  Only a few of them can be traced 
with any degree of ceriaiutg  for any great  distance  either  along  the  strike or down  the  dip. 
A definite  single  fault  in  one  drift may break  iuto a large  number of small ones in \vorBiugs 
only  a fern huudred  feet ama?-. Some of the  major  faults can be traced  downward  for  three 
or four levels. but below that  it   is impossible to be sure of the  identity of any excepting  those 
associated  with  the  large? dykes. 

TIIR Onlcs. 

The  ores of the,  nosslnlld  district  fall  into  two  large classes. The  importallt  type  eousists 
of a misture of 'sulphides.  The  other  coilsists of free gold in quart%. This  latter  type, while 

llom being  worlied. The ,bust cralnple of this  kind of deposit  is at the O X .  mine,  where  the 
less  important  than  the'  first,  has produced Considerable gold; although none of t he   deps i t s   a r e  

vein  consists of quartz iVith free gold and only a small  amomlt of sulphides. 

pyrite,  arsenopyrite,  molybdtuite,  bismuthinite,  galena,  sphalerite, and magnetite: Pyrite occl~rs 
The  minerals  appe+hi  in  the  sulphide  type of ore-bodies are pyrite,  pyrrhotite, chalco- 

dissemillated  throughout  the  conntr~--roclc,  especially i l l  the Mount Roberts  formation,  and  this 
variety  is only slightly'  auriferous. It is  also  found as a prominent  constituent of the  vein- 
filliugs and  there  lnar  canT  considerable gold. Pyrrhotite  is  apparently of two 'generations, 
the  later  variety being auriferous, *bile the  first  is, at best,  low grade.  Chalcopyrite is much 
less ill anromt  than  pyrrhotite  iu  the  ordinary ore, b n t  sonletimes  predominates. It is  auriferous. 



.\rsenopyrite occurs both as impregnations and as a niinor constituent  of the large  ore-bodies; 
nmlybdenite, sphalerite,  galena, and magnetitc  arc  occasional  minemls. 

Imrts of the  same  vein  the  relative  anlonnts of the  rarious  constituents  are  not  at  ail  the same. 
The  mineralogical  character of the ores even of the  sulphide  type Taries midely; Itvex1 in 

In  general, howerer, it may be Said that,  in  the milies on Red  mountain,  pyrrhotite  is  the most 
abundant  ore-mineral,  followed  in  order by pyrite  and  chalcopyrite. In  the  vorking mines 
arsenopyrite, molybdenite, galena, and spllalcrite  arc rare, but  in some of the  smaller prospects, 
especially  in  the  Xouut  Robcrts  formation,  these  latter  minerals become the more promiuent, 
:tnd magnetite  is  also colulnonly present. 

The  details of the  minerals  occurring  in some of the  iinport.ant  stopes will shorn more  clearly 
this variation. Sanrplcs from  the Josie system of veins Show only pyrrhotite from the fifth 
an11 thirteenth levels, xyhile samples  from  the iourth and seventh levels show  pyrrhotite  and 
ch:liCopyrite, but  in  varying  proportions, On tire fourth  level  pyrrhotite  predominates, while 
iu  one  stopc of the  serenth level chalcopyrite  is the more abundant. In   the Centre Stm-Le Roi 
rein  system tire s a n x  variation  is  observed,  but  pyrrhotite is al\vags  in  excess of chalcopyrite 
and varying  amounts of pp”te’&ppear. In the W a y  I;‘agie yeills  a samplc from  tbe  third  level 
s h o m  pyrrhotite alone. One  from  the fourth hns pyrrhotite,  chalcopyrite, and Some sphalerite. 
In the deepest  stope at present opened pyrrhotite,  pyrite,  and  chalcopyrite  are  the  ore-mhlerals. 

!I.he Coacu rein,  lrarallel to the Centre Star system but  farther north, carries  magnetite, pyrsho- 
Surface samples from reins  in  the  Nount  Roberts  forluatiou shorn a mider minerillogicnl range. 

tile, molybdenite, arsenopyrite, and chalcopyrite  in  diffcrillg  proportions at Purious  points. At 

and  stibnite  in allout this  order of abundance. 
thc Lilfl XCkU, sonth of Rossland,  the  constituents are galena,  sphalerite,  chalcopyrite,  pyrrhotite, 

The gangue aecompalwiug  the or(:-minerals in the sulphide-deposits  is  chiefly  more or less 
nltered  country-rock. A subordinate ;lnlount of quartn is  usually  present and Some calcite. In 
some of the  wills  calcite becomes m o i ~  im1)nrtant with  depth. In  small  aniounts a large  variety 
of minerals  is  found, such as wollastollite, qavnet,  epidote,  ehloritc,  biotite,  serpentine,  actinolite, 
:ml zeolites. 

In  the  gold-quartz  reins along with  free gold sonle sulphides are found. These are, however, 
vcry subordinate  in  amount.  The gangue in this case is entirely quaria. 

The inetals recovered from  the  Rossland ores are gold, silver, and copper, with gold as the 
most iniportant. Thc gold content to  the  ton o f  ore  decreased  steadily  to 1907, falling from 2 OL. 

a ton ill IS94 to 0.33 ma. in 1907. Sim!e then  it has risen to 0.44 ma. and for  the last fern years 
has remained  fairly  constant.  Silver has dropped  with Inany fluctuations  from 2.SS 0% in 1804 

decrease is  due less, probably, to  failure in the are value  than to decrease in  mining, trans- 
to 0.30 oz. in 1911, while copller has  fallen from 50.0 lb. a ton in  IS94 to 13.5 lh,  in 391.1. ‘J!lle 

portation, and smeltiug costs, which  allows much lower-gmdc ore to ,be trcated than formerly. 
The Values to  the  ton plotted fox the  three  lnetnls  girc curves which,  in  the ease of coppcr  and 
silver, Show a rather n1:lrked sympathy. The gold curve docs not follow the others w r y  closely. 
Thus i t  seems likely that  silver  is  mninly  aswciated  mith the chalcopyrite, while gold may occur 

any rate, that a varying percentage 01‘ the gold does exist  in  the frce  state, b u t  whether in tllc 
with the other sulphides or 11s free gold in altered and silicified Country-rock. T t  is  certain, at 

sulilhide of in the wall-rock  is  less  certain. >IIolylldmite. bisnruthinite,  and  arsenopyrite,  are 
auriferous,  sometimes  highly so, as iu the  inlpresnations  near  pulasltite dyl<es at the G i m t  and 
Jumbo. Galena  and Spll2ileritC carry  ~:onsidevahle  silrei. 

PARAGENlCslS OF TlIE OEl~-.\llNERALS. 

S o t  only does the rehltive  amount of the  different  ore-minerals V : I P ~  in  different vein systelns, 
and w e n  in  different  llarts of the Same Systenl, but also blie order of deposition. Examination 
of ore ssrnples reseals a retber complex saque~~co in miuemlizntio~~,  and it is quite wident  that  
there are at  least  two  periods of sulphide-Bepositiolr. !Phe lirst  period  consisted chiefly of the 
introduction of 1)yritc and pyrrhotite  relatively poor in t.lle precious  metals. 1.ater disturhances 
were followed by a second sulphide  period  charncteriacd by chalcopyrite,  pyrite, and pyrrhotite, 

first  mineralimtion.  The  considerations upon which these statements  are  made are as follows: 
with possibly other  minerals,  all of which carried  considerably more gold alld  silver  than  the 

(1) It is evident irom the o x  associations  to be giYen in detetail later  that   pyrite and pyrrho- 
tite  occur as the  earliest of thc sulphidt! minerals  cut by chnlcopyrite,  and that there  are  illstances 



22 BVREAU OF MIXES. 

the  pyrite  and  pyrrhotite  are  very  lo^ grade,  while  in  other lllaces they ranlc as  important 
. in  which  pyrrhotite  is  found  undoubtedly  later  than  chalcopyrite; (2) a t  Some places a t  least 

ore-minerals ; ( 3  j Some of the  large  stopes of solid  sulphides do not  carry  their  values  uniformly 

kuoqm  carrying  mired  sulphides  with good values  up  to a cross-dyke, beyond  lvhich one  mineral, 
distributed,  but  in  streaks  lvhich  may possibly  be due to  a irrter  sulphide  period; (4) re ins   are  

and  that  very low grade,  forms  the  fissure-filling. 
Polished  speciineus of ore  from  the Centre Star fonrth  level  stope 410, fifth  level  stope 5SS, 

and  thirteenth level, Le E o i  eighth  level  stope S93, and Josie 900-foot level  show Only pyrrhotite. 

chalcopyrite,  the  pyrrhotite being the older  mineral.  Another Salnple from  the 1,200-foot level 
Specimens from Centro Sta? third level, Josie 1,300, and Le Roi 1,200 Sham pyrrhotite  and 

of the Le Rod has  pyrite  cut by chalcopyrite,  Ores  from  the 1,100- and 1,200-foot levels of the 
.Gentm Star and  the  eighth of the War l3aglo consist of pyrite  cut by pyrrhotite. In   the  Citu Of 
Spoliane tunnel, Centre Star s t ipe 426, Xicliel  Plate 300, and .War E a g l e  1,452 the  order is pyrite, 
pyrrhotite,  and  chalcopyrite.  Ore  in  the Elamilton vein,  however,  shows  pyrite  cutting  pyrrho- 
tite,  and  in  the 737 stope of the Josie chalcollyrite  is  cut by stringers of pyrrhotite. A small 
stringer of sphalerite  cuts  chalcopyrite  in  ore  from War Bugle stope No. 1152. A sample  from 
the  surface  esposures on the Coaeg has  pyrrhotite  cutting  magnetite.  Determination of a general 
order of deposition  from  such  scattered  samples  is  liable to introduce  errors,  but as there  is 

following  order  is suggested :- 
evidence from  the ore  values  for at least  two  periods of Dyrlte and  pyrrhotite  deposition  the 

1. Pyrite  and  magnetite. 
2. pyrrhotite. r: Pyrite. . , 

(5  Pyrrhotite,  si)halerite. 
2nd. 4 Chalcop>rite. 

The  relatlon'of  pyrite  and  magnetite  and  pyrrhotite  and  sphalerite  is  not s h o ~ n  in  the 
samples  examined.  The  paragenesis of the  accessory  ore-minerals  arsenopyrite,  molybdenite, 
bismuthinite,  and  galena  is  also  unknomn,  but as they are all of rather  'high gold and  silver 
content  they  probably belong to  the  period  represented by Nos. 3, 4, and 5. 

The mineralogy  and  order of deposition  is  somewhat  similar to tha t   a t  Dncktomn, v h e r e  
ICemp" found  gyrite,  pyrrhotite,  chalcopyrite,  and  finally a coarsely  crystalline  variety  of 
pyrrhotite  associated  mith  later  quartz  veins  which  cut  the  chalcopyrite. 

fractured wall-roc&. Thc straight  and  persistent Ilamilton vein to   the  vest  of the Josie dyke 
The sulphide-deposits occur as well-defined Rssurcs or as intersecting veinlets  replacing 

is of thc  first  classl  and  the  chalcopyrite  vein  in  stope 737 of the Jusie is a llarticularly good 
example of the  simple fissure. I t  also  lies to the  west of the Josie dyke. It has a fairly  regular 
width of 12 feet  and  is  almost  vertical.  The  country-rock  is  diorite  porphyry  but  little  attacked 

penetrate  for a short  distance  into  the  wall,  but  the  boundary  between  clean ore and  barren 
and  not much fractured. At places  the  almoSt,solid  chalcopyrite  which  forms  the filling lnay 

biotite,  scparates  frcsh  diorite  porphyry  from solid  ore. 
rock is remarkably sharg.  At  mrions  points a thin  layer of sock,  consisting  mostly of secondary 

The  predominant  structure of the  deposits  is  that of %ones of crushing  with  replacement of  
the  country-rock.  Somelinles  this  replacement  is so complete that  none of the  friction 1)reccia 
is  left,  while a t  other  places pieces of altcred rock still  remain. Only parts of a fragment 
nlay Ih replaced,  and  samples  are  sonletimes  found  in which the  augitc  phenocrysts of augite- 
g o r p h ~ r i t c  country-rocks  are  pcrfcctly  retained  in a ground-mass of sulphides. Along the  borders 
of solid sulghide  masses ore swingers  are  found  working  outward  into  the  cnclosing  rock  in a 
iietwoi'k mhicll  becomes less  distinct as distance  from  the  lnain  mass  increases  until only the 
merest  threads of sulphide are observitbic.  Altci'ation  Iirocesses extend  still  farther  into  the 
country-rock. As :L rulo no open  fissures  are  found,  but sonre sinall  openiws  exist.  These ai'e 
'lined near the  vein r i t h  n-ell-crystallized  calcite and zeolites cridently belonging to the  last 
stages of mineralization. 

chaleopyritc, molybdenitc, sphalerite,  galena,  arsenopyrite,  quartz,  calcite,  actinolite,  and  biotite. 
The  minerals eolnmonly found  metasomatically  replacing countr)f-roclc are pyrite,  pyrrhotite, 

Pyrite  and  ai.senopyrite  arc  found  both  massirc  and as well-formed c r s t a l s ,  especially  in  the ___ 
* Sce 1)nektown. Tern. ( K e m l ~ ) ,  TrBnSBetioU A.I.XE., 7-01. 51, D B ~ C  244. 
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" ______ 
Mount  Roberts  sediments. Of the  ion-metallic  minerals  produced by the  vein-forming  solutions 
biotite  is  the  most  prominent. In the mall-rock near  the  ore a bso\vnish radiating  variety of this 
mineral  is  often  abundantly developed, sometimes  forming a lal-er 3 to 4 inches  thick of almost 
pure biotite. Qvlnrta and calcite  are  also  found  in  considerable  amounts  bordering  the  sulphides 
and working  out  into  the  unaitered rock, but on the whole the effect of the  solutions  seems  to 
have been to  remove  both  silica  and  calcium  from  the  rocks  affected.  This  is  very well shown 
in  analyses of fresh and altered monzonite and  augite  porphyrite. 
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- 
N O I E . - A ~ ~ ~ ~ Y S C S  taken from rellorts Of the Dennrtnrent of llincs, Cunnd.?. 

No. 20"Bugite  porphxrite, Josie drift, War Eagle, 30 fcet  in  foot-wall side. Vresh. 
No. 21"hugite  porghgrite  altered to  biotite  in  the vein. 
No. 34-Xoaeonite east of mica dyke, 700-foot level, Le Roi. 
KO. 35"Monmnito  altered  to  vest of mica dyke, 700-foot level, Lo Rod. 
The Samples m r e  evidently  taken as free  from  sulphides as possilile, uud the  change shoys 

. clearly  the  character of the  alteration. Iron, potassinLn, and nmgnesium have  increased  while 

might  give  difrercnt  reactions  with  precipitation of the  elements  here removed, and hence 
silica,  calcium,  and sodium h m e  diminished. At other points  in'tlle  vein  different  conditions 

silicification and the  iutroduction of calcite. 

amounts of a deep-red  garnet  in  the :sulphides and the  rather  abundant  occurrence of epidote 
The existence of C O l l t i i C t - 1 1 1 C t a m O ~ , j l ~ i ~  conditions in the deener zones is markeB by s m ~ l l  

and actinolite  in  the va11-rocks of the  lorer  lcvcls. The  amount of epidote  is  sometimes large 
enough to givc  the  rock a handed apgearnilcr, and a sample  from  the tenth level of the War 
Bugle i s  at least  onc-third epidote. Apparently the alterations at  dcgth occurred. under high 
pressure  and  temperature, rvhile those of the  upper  part are characteristic of aqueous  solutions 
at moderate  temperatures and pressures. 

ORE-SHoOTS. 

in  favourahle  localities, The size of the  ore-shoots  depends somexhat on the  way  in  which 
The  distribution of values  is not uniform,  but, as iu  most  ore-deposits,  they are  concentrated 

the  term is defined. Lower-grade ore can nom be worked  thau could formerly,  and  hence  the 
size of a shoot  increases  with  the  decreased operating.  costs. 

This mas found on the  east  side of the Josie dyke. It had a stope  length of 600 feet and was 
Probably  the  largest body of ore ever morked in the camp  was  that ollened up by the Le Roi. 

follomed down  to  thc 000-foot level. A width of 30 to 60 feet v a s  mined. The  values  were  not 
evenly  distributed,  but  occurred  in zones through  the  sulphides.  The  largest  stopes now  being 
worked are No. 1452 on the  fourteenth  Iwel of the Wa.? L'a.gle and So. 895 on the Le Roi 800-foot 
level. The  former has been  opened for 8 length of &bout  100  feet  and a width of 30 to 40 feet. 
It  has been crosscut 200 feet below the  fourteenth levcl. The ores  here are pyrite  and  pyrrhotite 
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with Some chalcopyrite.  The  sulphides  form  intersecting Veins 2 to 3 feet ,in ridth,   in  al tered 
diorite  porphyry. Thc Le Eoi stope belongs to the siim? type, rrith a somewhat  smaller  amount: 
of sulphides. It is being  miucd to a rvidth of about 80 feet. The ground is badly.broken a i d  
mining  costs,  except for timbering, are  lov.  This  increases the width  of  payable  ore  considerably. 

The  relation of the  ore-shoots  to  the  character of the  country-rock is influenced by the 
different  physical  properties of the  various  formations. :In all  rocks of a hard hut  brittle 
character,  such as the  1nor%ouite,  diorite i ~ o r p l i ~ ~ y ,  granodiorite,  and  augite  porplln'ite,  the 
fractures liroduced are  much alike and the ore-bodies are  essentially of the Same character. 
On the  other hand, the same  forces acting on the  yielding  shales  and  tuffs of the Nount  Roberts 
forillation have &duced zones of mashing !vilich are impregnated to some extent,  but  were 
evidently too impervious to  receive  ore-bodies of inlportmt size. 

faulting  in  large  part  coutrolled by the dyke  system. Along the  basic  dykes, esllecially the soft 
Thc  factor ofschicf importance in the  1o~~liZatio11 of the ore-shoots l ~ a s  been the  north-sonth 

circulation of lnineralizing  solutions alorrg the intersecting oi:e-fissures and  caused a considerable 
mica-bearing  varieties,  there has been considerahie nm.enlenl:. The gouge groduced  has  retarded 

enrichment of the ore-zone a t   tha t  point. The  fault  rather  than tire dyke  seems  to  he  the 
importaut  element, since there are large  shoots  not hounded by dykes.  As a rule, however, they 
are  found against basic  dykes, usually on the  under-side if t.1re dyke is  not  vertical. A striking 
example  is  the  origiunl ore.body of the LC Xoi. This htls as its mstern boundary  the Josie dyke, 
which lras been nmch affected by faults  along both mtlls. 'fleyond it the  ate has recently been 

extent, and for this  reason might a t  first  seem to be entirelt-  lites than  the ore. The moveinent 
fouud  disglaced 300 feet. The  cross-fractures  are 1101. themselves IninerRlized to any great 

prevented  the ore solutions from Ilenetrating,  and  for this reason  they are not filled with 
along  them,  esp+ialls  in the mica dykes, has developed impervious  secondary products tha t  

minerals.* Very often also, a s  in the example  mentioned later, faulting along the old fissure 
has taken place. : 

There  are  also  cases ,There the  siilphides  hare  continued on the opposite side of the  dyke 
and  associated  fault, but where  the  values have decreased  very  appreciably.  The lom-grade 
sulphides  probahly  represent a first  period of n>inerxlization. Later a slight  second  fracturing 
followed the ore-zone, but mas stopled or deflected at the  intersecting  dyke or fault,  and as a 

. fa r  as the  intersection. On tile third  level of tile War Bug& the workings follow a fault-zone K 
result the later  period of richer lllillcr~lieatioil  affected a fissure in the Bone extending only as 

xith  well-~narked malls. This is crossed by a strong fault. IC with a hexve of 30 feet.  Xortll- 
west of fault E pyrite  is dcveloped i n  IC, but  no values, while south-east  of  the  fault  there  is 
good orc that  follo!\-s the foot-rmll of IC for 12s feet  and  then  crosses  to the hanging-wall. 
Appilrelltly tlleve \\-as  origiilaily R li?rite-filIcd fissure. This vas faulted by E, and at the salne 
time or later a fissure oiicned south-east of the fault, and this was later filled by sulpbides  with 
l,ayirble valnes. 

On the eighth  lercl of the L'entre 81ar a similar m s e  oecut's. -4 fairly  definite  sulphide- 

In tile  part of the vein above the  fault the ralues are too  low to mine, rhi le   that   par t   belov 
filled. fissure has nee11 cut by il 11earIy flat  fault. The relatirc  nrorement has heen about 18 feet. 

the  fanlt cilrvies good ore. 
It is diflicult to  estimate *he influence of depth in an ore-body of such  variable  mineralogical 

character. On the mliole, while the fissure  systenis  remain  in  the  same  formation, the character 
of the ores  eren  in the deepest \vorl<ings remains  the  same.  Wben,  however,  they  pass  either 
laterally or in depth into the >lount Roberts  forlnation  the  character  immediately  changes. The 
fissures are less  distinct and S o m  of them are allnost  entirely filled Tyith fine granular  calcite. 

GEXESIS ox ' r m  DIIP~SITS. 

The co~ugositiolr uf tile ore solutions  can he approsirnately  determined  from  the  m<nerals 
that  hare been deposited and the  changes  produced near the fissures. The main substances 
are:- 

SiliCO. 

In the  sulphide~deposits  quartz is not a very prominent  mineral,  occurring  only as  small 
blebs. In places,  llo~wr~el'. the \~~all-rocB  is silicified and  tiny  quartz  stringers are observable. 
____- , . 

"I~ansorne, 1'.P 02, United States Geologieal Surrex. 
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The yuartn luay to Some extent be derived from the  alteratioos of the wail-rocks themselves. 
In tlle  gold-quarto veins quartz beconm an iruportant  mincral, and it i s  evident that  these 

not suiii1ly the  large  amount of silica. which must  therefore  have been introduced b~ the o w  
solutions were highly siliceous. 111 this cnae Lhe alteration of the adjacent vail-rocks could 

solutions  from  other sources. 
Carboaates. 

Calcite OCCIXS as'au imlxegnation of tile wz~l-rocI~s  and as rvelI-formed crystals in open 
fissures. 111 the deeper levels of tile Centre S t w  it  amears prominently as a fissure-filling. 
This nrrangemunt seems  to be evidenoc for  i~recii)italioll of Calcite in  the deeper parts  of the 
Yeill, while tile ripper p&sts ase tilled with snlijhides. 

Pluorides. 

ulincral  apophylite. It. i s  found alvays in vnggs aild Seams. 
The Dresence of fluorides in the  solutions i s  luarlzed by the presence of the  fluorine-bearing 

SlLlnllides, SlLlpllal.scl,idcs, a , l d  ~lslp7~~uirtilrl0,Li~lcs. 

and as crystals i n  the rocks show tlxlt  the  auoimt of dissolved sulphides  present  innst hare 
Tile large  q~~ailtlti(?s of sulphides which are founi l  hot11 in  the ore-bearing fissu~.es and zones 

produced by easy  diffusion on the part of the sulilliur  awl  arsenic  couqonnds, shows how actire 
been cl?ornIuus. The disseminated  chnmcter of the \vell-crxstalliaed pyrite  and  arsenopyrite, 

and far-reaching tllcse solulions must have been. hntl~nony v a s  present  in  small  amount as 
recorded by the  rather rafe occurrenc~ of stibnite. 

IrOu, h ' k h l ,  CoTialt, W I d  Coppel.. 

The  iron  sulphides and snlpharsenides are bx far the inost  abundant  ore-minerals. Con- 
sidel'irble copller mid a little  nickel arld cobalt are associateil  with tile iron.  Evidently  the orc 

llas been dellositcd. Copper is  usually  much  less  abulrdant,  yrobably  uot  exceeding  one-fiftieth 
solutions !!-ere supersaturated  with fei:rous compounds, since so large an amount of gyrrhotite 

of the  iron  content. St times, however, us in some of the Josia stones,  chalcopyrite  predominates. 
Sickel and cobalt are present only in  small  amounts. 

dll;alies. 

Potassiunn-bcarillg minerals %re abundant,in the altered rock. Biotite  is  thc  most colnlnon 
of these aud Sometimes f o r m  the lllass of the  altered rock. Evidently  alkalies \\-ere in con- 
siderable  amount  in tlie ore solutions. A40alysis of altered  rock shows that  the soda of the 
original  monzonite and granodiorite has been removed and Botassivlrn added. 

, /  

I Gold und Silvey. 

standimint.  Both are found  in  intimate  association with the sulphides, aud i t  seelns reasonable 
Although  minor in amount, gold and silver  arc the  important  clmuenk,  from an economic 

to  supilose'tllat  they were held in solution in  the same mttnnel' and  precipitated by the  same 
reactions as the  base  metals. A var).ing. auiount of gold even in the sulphides is in the free 
state,  but  the  larger  part  is  evidently in some sort of chemical compound. 

h'ature of the Solve?rl. 

above, togctl~er  with ma113' that  occur in  nlinor alnounts, nest arises. Beclrer found that lwany 
The problem of the  nature of Soliltions that could carry the metallic elements nlentiolied 

sulllhides are solubla in soilium sulphidc  solutions  nnd  thnt gold also yieldwl to sucll solnt io~~s.  
Silver  sulphide and galena  differ from the others  in  this  respect,  hut  according to de Senarmont 
they are dissolred  in  water,  saturated.  with  hydrogen  sulphide, et high temperature and pressure. 
The Rosslaud ore solutions had a considerablc~  quantity of potassium  which ma7 be assumed 

quantity, Roric acid nud fluorine  probabir  aided  solution  to some extent, 
to act in  the szme manner as sodium,  and  hydrogen  sulphiile no doubt \vas also  llresent  iu 

ll'rom these  conditions  it  is coilcludcd tllat  the  solutions  from which the  Rossland orcs were 
@posited  contained Si%, CO?, I&S, F, Bo, h'e, Si, Co, Sb, As, Au, Ag, Cu, Zn, Pb, Ca, Ka, IC, 310. 
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All of these,  excepting a snlall  part of the SiO? which  may  be  derived  from  the Nall-rOCkS, 
a re  probably  contributed by the  great  ba%holiths  that  llave a t  various  times  intruded  the  older 
rocks. There  is evidence of various  periods of mineralization,  and  no  doubt  the  ore  solutions 
were  different,  but at all  times  the  metals  were  likely  present as sulphides  in  solution  in 

with  some  carbon dioxide, boric acid,  and  fluorine. 
magmatic  waters, which contained  enormous  amoulrts of alkirli sulphides  and hydrogel1 sulphide, 

Co%ditiOm, Time, ana Jfethods of Denasition. 

found was formed  unaer  contact-metamorphic  conditions  with  high  temperature  and  pressure. 
The  presence of garnet  and  epidote  indicates  that  the  lower  part of the  deposits as  now 

The  upper  parts of the  deposits  were  formed  under  hydrothermal  conditions  and  medium 
temperatures.  The  last  minerals to  form-namely, the zeolites  and  calcite-i'rystallized at 
fairly low temperatures.  Wohler  gives a hemperatwe of 160" C .  as tha t  necessary  for  the 
formation  of  apophylite.  Apparently  then  the  ores  were  deposited by solutions at  high  pressure 
and  temperature  which, as they moved upward  along  the  fracture-zones,  became  solutions of 
medium temperatures  xith  mineralieers,  such  as fluorine, hydrogen  sulphide, etc. The  fall  in 
temperature  and  pressure  resulted  in  deposition of part of the  material  in solution. This was 
uo doubt  aided by the  reactions  between  the mall-roclis and  the  ore-bearing  solutions.  If  the 
retention of the  metallic  sulphides  depended  on  the  presence of potassium  in  the  waters,  the 
removal of that  element by the  biotitieation of the  country-rocks  would  necessarily  cause  the 
deposition of par t  of the  oreminerals. 

The origin of these Solutions cnrrying such large  amounts of allraline  sulphides along with 
carboll  dioxide  and  fluorine  must  have been magmatic. A s  previously  shown,  there  were at 
least  two  periods of mineralieatiou. The first period  probably  corresponds  to  ,the  closing  activities 
of the  Jurassic  batholithic  intrusions  that  ended  with  the  intrusion of the  great  mass of normal 
moneonite. The  later  more  alkaline  magma  of  the  pulaskite  invasion  introduced a much smaller 
amount of sulphides, bu.t by its high  alkaline  content i t  mould be  capable of carrying  considerable 
amounts  of gold, and  to it is  attributed  the  production of the  richer zones in  the  older  deposits' 
and  the  very  rich  impregnations  that  are  found  near  pulaslrite dylces. 

The  history of the  ore-deposits  may be summarized as follows:  The  batholithic  invasions 
of Nelson granodiorite,  diorite  porphyry,  and  monzonite  were  accompanied by fracturing of the 
older  rocks by a'somewhat  torsional Stress. I n  these  fracture-zones  the  solutions  and  emanations 
from  the cooling maglna deposited  rather lom-$?'ade sulphide.  The  intrusion of the  Tertiary 
alkali  syenite  (pulaskitc)  batholith was accompanied in' a second fracturing  which  largely 
followed the  earlier  shear-zones. In   these  the highly  alkaline  solutions  from  this  intrusive 
deposited  sulphides  which wexe much  richer  in  precious  metals  than  the Xcsozoic  sulphide- 
deposition. 

Secondary  rearrarrgerneut hS descending  waters  has  had  but  little  elfect on the  Rossland 

malachite  bas developed, but as  these  seanis do not  extend  to a great  depth  the  main  mass of 
deposits. Primary  sulabides  were  found  practically at  the  surface. -4long met  seams a little 

the  deposits  is  entirely  unaffected.  Ground-mater  stands at   about 50 feet,  and  from  that  level 
to  about 400 feet  the  amount of mater punlped increases. In   this  zone iiat diamond-drill holes 
are  always  wet  and  same  carry a large flow of water. Below the 400-foot lwei the  amount of 
Tvater steadily  decreases  'until a t  1,000 feet  the  workings  are  practically  dry  and no pumping is 
necessary. 

PETROGILWHY OF THE IGNEOUS ROCKS. 

The  great  batholithic or laccolithic  intrusions  affecting  the  Rossland  district  fall  into  two 
groups-the earlier Mesozoic period of augite  porphyrite, monzonite, and  granodiorite  intrusives, 

rocks  with some dykes of a more  basic  character. 
and  the  Tertiary  period of more  acidic  eharactcr  rcprcscllted by alkali  syenite  and  granitic 

ROCKS ox' TIIE BATH~LITIIIC IITTRUSIORS. 

Augite Pol'phVrite. 

The  augite  porphyrite  in  the  lland  specimen  varies  considerably  in  appearance. It is usually 
greyish  to  greenish black, with  prisms of darlt-greenish  pyroxene visible to the  naked eye. They 
are  usually  nearly  square.  They  vary  in  size  and m y  become so small as to  be  unrecogniaable. 
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Under tire nliscroseope the rock is  found  to be distinctly  porphyritic,  with  relatively  large ghcno- 
crssts in a tine-pained ground-mass. The yrinmxy niillerais are psroxene and pla~ioclase, \Titi1 
;Il)atite as an accessory constituent.  The  secondary  products are uralite,  sericite, lcaolin, ealcitc, 
: n ~ d  chlorite.  Nearly  every  section shows a trace of introduced  sulphides. The plagioclase 
shows  extinction  angles lnemured from  the  albite  twinnilrg lameilu: arcraging 20 degrees. Tlle 
raricts  is  thus  mar  labradorite.  The  pyroxene is in well-formcd crystais of a light-greenish 
colour  and  oftcn  twinned.  They are of an early period of crystallimtion  and  are illciuded in 
the feldspars.  ‘Ihe borders show  alteration to uralite.  Tile ground-mass consists mostly of very 

psvoseue  are  about  equal  in  ainount.  The  calculated  variety of feldspar  is rather more acidic 
sn~al l  cr3-stilis of pyroxene with some I’cldspar. Tiic  recast  nnalssis  shows  that  feldspar  and 

tllnn  the microscopic examination  indicates. 

Diorite Pol’vh$l,’u. 
Often  rery  similar  to  tlle  augite  porphyritc  in appcarance, but  rather  different  from  it in 

needle-like  ilhenocrssts of feldsgar and horublende  vhich  oftell have a t iom arrangement.  Unllcr 
n~inemlugical composition is thc  diorite pori?hyrg. It is a greyish to greenish-grey rock n i th  

the mieroscolle it  is a l m y s  ])orphyritic,  in some cases  with a striking  difference bctween the 
ground-lnass  and  the  minerals of the first  generation. A faint  tmchytic arrangement is also 
sometimes noticctlhle. The phcnoerysts are  usually e1,ongated crystals of harnhlcnde, plagioclase, 
orthoclase, and l~snally pyroxene. The  two  feldsilars Pars’ in  amount.  Sometimes plagioclase 
im?dominates and in  other Sections orthoclase is developed almost  to tile exclusion of the triciinic 
rariets.  The comllositinn of the piagiockrse mries  in different px imens   f rom  a lb i te   to  oiigo- 
clase,  and ere11 in the salne crystal  strong m~d l)ecnlinr eonal structures are often str.iltinglr 
dereioped, grobably  from  changes  in  the  nxqwm  The  hornhlendc is in well-formed needles 

feldsrmr grains and ais” shows the  rather unusual phenomenon of wcll-marlred zonal growth. 
strongly i)lcochroic from bluish-green to green  to yellowish-grecn. It is often found  about 

The  osthoclase io  some  sections shorn a ragged or patchy  surface  that  suggests that it is 
nuorthoclase  rather  than  true ortiloclase. Tile  ground-mass  consists of hornblende,  feldspar. 
and, in tile types wilere 11lagioclase is  ;titnost  ladring, some qu;rrtz. Wherever suiphides h a r e  
been introdnced n secondary  honlhlcnde  has developed along  lhe ore, \Tith sometimes a iittle 
biotite. 

;\7eZson CronodiorLte. 
This  is a 1llc(li,~Ill-gL.ai~l~d  greyish i:ock with quartE feldspar and biotite or hornblende a i  

plagioclase,  microcline, magnetite,  hornblende,  biotite,  titanite, and allatite as prinmry con- 
tllc luacvoaco1)ic minerais. In thin  section it shorn a granitic  texture, wit,h quartz, orthoclase, 

stituents.  The  feldspars  are  somewhat  altered to kaolin and scricite,  while  some  chlorite  is 
present from the basic minerals. The  plagioclase  is near mrdesine in eomposilion. Tile  biotite 
is a peculiar  sreenish-brom, cqlour and is  often iir nggregates. Tl1e I)redorninant  minerals are 

given oil page 30 ann a recast  analysis 011 lnge  SI. 
quartz,  orthoclase, and plagiociase. Biotite is fairly  abundant,  hornblende  less so. Analyses are 

Monzo%ite. 

The  normal monzonite is a somewhnt  mriahle r o c k  It may be fine-grained  to coarse, dark 
to  light grey. tsnal ly  granniar, i t  at times ilecnmes faintly  porpilyritic. a thin section of 
monzonite  from  the Inass south-rest of I<ossiand s11ows a granitic  structure,  with plagioclase. 
orthoclase,  psmxcne, and biotite as  thc chief primary minernls.  The seconilary products  are 
lnagnetite,  chlorite,  nu8 uralitic amphibole. Pingioclnse  forins niost of the rock. It occurs iu 
lath-shaped trvinncd crystals n h s e  extinction  anglcs shovi’ thc  nn’icty  to be oligoclase-nndesilie. 
The  orthoclase is nntvirmed  and inelydes phpioclase and olllcr  llli~leritls i n  a poiliilitic  fashion. 
.hni>hiboie is deep green and  largely, if not  altogether,  secondnw, filling creTices and surrounding 
1;ernels of ilpmxene. The pyroxclle is in  slout,  well-formed  light-green  crystals.  Xagnelite is 

lw’ozene. A sample fronl  drill-hole 274, V a r  mrflle third level, taken 25G feet  from the drift, 
in considerable amount. I?lagioclase seems to  Bare  crystallized  in Bart at least  before  the 

ilomblen8e  almost iaclrhrg. The  orthoclase  shows good zonal  structure. In   th i s  rock the ordcr 
8ifCcrs only  in  the  relative amount of tile  minerals present. Orthoclase  is less in  amount  and 

of crptallization is norrnai. Comparison of the  analysis of this rock mith  tygical inonaolrite 
s h o m  a close agreement. 
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Puzusf~ite.  
.. . . 

Pulasldte,  the  dyke  representative of the  large nmss of Rossiand  alkali  syeuite just outside 
of the area, occurs in  such largc  masses  that  it may  be considered as belonging to the  deepseated 

of the  basic  minerals.  These are not usually  abundant.  The  feldspars are the  most  noticeable 
roclrs. It is  light  pink to white  in colour, but  with  many  variations,  with  increase or decrease 

constituent ill the  hand specimen, often  assuming  lathshapes  that may attain a length  of  all 
inch or more. The  thin section shonx a granitic rocl; composed of  orthoclase,  biotite,  hornblende, 
pyroxene,  magnetite, and some plagioclase. Alteration has produced  kaolin  and  hzmatite,  with 
some  secondary  hornblende  around the prrosene crystals.  Orthoclase m a l m  up the ,bulk of tho 
rocl;. It occurs in  lath-shaped  Carlsbad  twins  and  also  in  square  plates  untwinned,  but  with a 
mottled  surface.  The  plagioclase  has  thin  twinning 1aroeli;e and  is  albite.  The  pyroxene  is in 

parisou of this rvith a sanlple  from  tile  main  mass s h a m  that  the  lat ter has s somewhat Coarser 
well-formed  light-grecn  crystals. The analyses show the al1;aline character of the rock. Caul- 

and lnorc grannlar  structure.  More  hornblende  is  present.  and  less  pyroxene  and plagioclase. 
The hornblende is a deep& pleochroic Tarietg,  changing  from  green  to yelion'ish-green. 

fJ7LOppUl.d GralVitB. 

The Sheppard  granite  is a light  grey  rather  porphyritic rock, with  tabular  feldspar  crystals 
showing on the  mathered  surfaces.  3licroscopically  it  is  porphyritic,  with a large  nunlber of 
phenocrrsts  in a well-crystallized  ground-mass. The primary  minerals  present  are  orthoclase, 
~lngioclase,  quart5,  hornbiende, pyroxcnc, titnnite, and apatite. The rock is fairly  fresh. There 
is a slight  Baolinization of the orthoclnsc and most of the pyroxene is altered to  chloritc. 
Orthoclase  occurs  both  unt\Tinned  and  with  Carlsbad  twinning.  Plagioclase  is  tovards  the  albite 
end and shoms interfingering Ia,n>ellre. It is  almost  equal to the orthoclase in  amount.  Grew 
hornblende  and  light-greeu  uvaxene  are  present,  the  former  rather  abundant. Both are  included 
in  the  feldspars.  The  ground-mass  is  iargely (~uartz and  ortlloclasc  and has a somewhat  granular. 

porphyry  to he described later came. The smnple  described  was, obtained  from  .Lake  mountnill. 
appearance. This rock is believed to be the plutonic  facies of the magma  from  which  thc  granitc 

The  analysis quoted  is of a specimen collected by naly four  miles east of this pbint. 

DYKE ROCICS. 

The dSlre roclrs consist of aschistic  rrpresentntives of the  batholithic rocks and  lamprophyric 
iutrusions,  probably the residuals of the ,nore acidic  plutonic masses. The  majority of them 
belong to  the  granodiorite-moneonite  period,  but a few are offshoots of the Tertiary  intrusives. 
Xinor  changes  in the mineralogy of these  make an almost  endless  variety. Only the  more 
prominent  and  characteristic  tgpes, howcrer, a re  described. 

Granite l'OrlJh7Jv1/. 

The granite  porphyry is a light-greyish  fresh-looking rock n'ith numerous  tabular  feldspar 
pllenocrgsts of a Trhite to  faint  pinkish colour. Cnder  the microscope i t  shoms a decided  porphy- 
ritic  habit.  The  ixinlary  minerals are orthoclase,  plagioclase, warts, hornblende,  pyroxene, 
biotite,  apatite,'  and  magnetite.  The  alteration  products are sericite,  chlorite,  magnetite,  and 

orthoclase and  light-green Ilyroxcne. Some large  quartz  grains are present showing a very  strong 
secondary hornblende. Thc phenoCr~-Sts are mostly  plagioclase  near  the albite  end with some 

resorption effect (I'hoto So .  12). Nost of the orthoclase  and  qunrta, hoverer, are in the  ground- 
mass. Biotite occurs in  small  foils,  with a tendency  towards  aggregates.  Small  green horn- 
blendes a re  rather mrc. Chiorite  is common and  much of the biotite  is  partially  chloritiaed. 

Polpl~?/ritic Jromeonite. 

pyroxene crrstals and somcvhat smaller rvhite to  greenish  feldspars.  Biotite is  sonletimes 
The porphyritic  nmlzonite  is a fresh coarse-gmincd  grey rock trith  large v\.ell-formed 

abundant. In thin  section  tlie  rock  is  seen to have a gorpllyritic  habit,  with a well-crystallized 
ground-mass.  The  primary  minerals arc plagioclase,  orthoclase,  pyroxene,  biotite,  hornblende, 
arid  apatite. Pgrosenc of a drab colour forins the larger  phenocrysts.  Some  green  hornblende 
is present  in  irregular  grains  and much biotite  is  scattered  through  the rocli. T h e  plagioclase 
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crystals are smaller  than  the  pyroxene,  lath-shaped, and near andcsine in composition.  Ortlloclase 
is  abundant. It has a mottled appearance and contains a great  number of inclusions of thr 
other  miucrals.  Blterution has been ~ ' e q  slight. A few  fibres of sericite  have dcvelopxl in thc 
feldspars  and a little liaolin and the pyroxene lihenocrysts are bordered by a mlrrow fringe of 
secondary hornbiende. Some introduced sulphides are present. 

Cent% Star D?,lce. 

The deeper parts of the Cebtro Sta? dyke  consist  of a rock  very  similaq  in appearance t o  
goriihyritic luonzonite, but  less  distinctly  porphpritic.  Xincralogieally it is tn pasts. somewhat 
sinlilar,  hut in depth it becomes more hasic. A slirle takcu  from a specilnen on the  eighth level 
of the Cemtre Slur consists of plagioclase, biotite, pyroxene, magnetite,  and  apatite,  mith R little 
olivinc. Plagioclase and pyroxene malic up the  bulk of the rocli, but  biotite is prominent: The 
1llagiociiise, andcsine-labradorite  in colnposition, is  considerably  altered to sel'icitc. The  pyrosene 
is it1 light-grecn,  well-fonncd  crystals  twinned and zonally grown. Solne chiorite has dereioped. 
Xost of the small amount of olivine is altered  to  serpentine. A specimen  from presuhnably the 
sanle dylre on the  fourteenth  lerel differs in  having in it a considel.able amouut of ilceI?-brown 
hornhicnde. Some calcite and grcen hornblcndc haw developed as secondary  products. In both 
sa~l r~ les   there   i s  n tcndency t o w x d  ophitic  structure. 

Augite Canwtonitc. 
,, . 

these lras been called for reference  the Swlcane type because tspically developed in  tlic  tunnel 
Fron~ rocks like those just  described arc 'gradations  towards  augite  camptonite. Oue of 

of the Cit?/ of SpoGe,ce nriue. It is Strikingly  porphyritic, with i>henocrSsts of brovn hornblcnde 
and feldsuar an iuch across. The ground-mass is fine-grained. Nicroscopically  it is seen  that 
the hornbiende  forms  the larger phenocrysts,  hut plagioclase is lnore  abundant. Pyroxene  is also 
ill some quantity aud the ordinary  alteration  yrodncts are present. The plagioclase is in stout 
labular crystais  considerably  altered and surrounded h3- reaction rims. Lath-shaped  plagioclase 
of the variety andesine, psroxeile, and both green and bi'own hornblende  form  the ground-mass. 
.\ dyke 90 feet  east of tile Centra Star dyke, on the  thirteenth  level of the W a v  Eagle, is some- 
?That similar. In this case the  plagioclase is labradorite and some biotite is present.  Alteration 
has produced considcrable epidote,  most of which  is  in  radiating  aggregates. 

A dyke west of the Centre Star dyke, on the  fifth icvcl of the War Eaole, has a fen- largc 
lihenocrysts of mhite, zonally gromn pyrosene  and  badly  altered andesine in a fine gronld-mass 

50 feet  west of the T r u m t i w  dyke, Josie 400-foot level, difrers only in having  more  plagioclase 
composed of rods of bvaml  hornblende and fcldsiiar.  Considerable  magnetite  is  present. h dyke 

as well as some ortl~oclase and an extremely finc ground-lrmss. Other  similar dykes are found 
250lect  from the west end of the CPOSSCUt to tllc 1Vav J3'ogTe on the  ninth level of the Centye Star  
and 175 feet  west of the Centi-c S%ar dslre in  the  sautli worlrings of tho  fourth  lcsel of thc 
1Pnv nagle. 

Vogesito. 

By decrease of plagioclase  and increase of orthoclase,  camptonites pass into Togcsites. A 
rock that  may be classed as the latter  is  found  in a dyke in the Iron dKasIb tunnel, War ICayle 
fourth lepel, 340 fcct fsonl the portal. It is i-ers fine-grained v i th  sods of brownish horn~lende 
and unstriated  feldspar.  Uagnetite  is  abundant and alteration has proclnced calcite  and epidote. 

Kevsanlite. 

fitting  this  description occurs as a small  dyke  cutting  the  Sickel  Plate dyke 011 the  fifth  level 
Kersantites n e  dyke rocks eharacteriacd by thc  presence of biotite and plagioclase. h rock 

of the Ccittrc Star. It has a strike parallel to  the big dylx!. It is composed of lath-shaped 
feldspar  crystals that aiiliroach  labradorite in composition and fibres of biotite. T h e  tmo  form 
a felt of tiny needles. .A little  serpentine and calcite are present. A mica dyke  from  the  tunnel 
of thc JumOo mille near the pulaslzite-contact  consists of biotite, 1iyrosene, plagioclase,  orthoclase, 
and  apatite in order of their  abundance. The plagioclase  is  andcsine and the  pyrosene a light- 
grccn variety.  The  interstices ase filled by orthoclase. A finc-grained specimen of the Josie 
dyke o n  the  third l e ~ e l  of the War nngle has a similar composition, 
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Dlixette. 

may hare hornblende  or  augite or may lack those  minerals.  Dykes of this type are also found. 
Ry decrease of plazioclase and  increase of orthoclase,  Bersautites  pass  into  ~ninettes. These 

A specimen  taken  from  the Trfkmwoy .dyke on the 400-foot level of the Josie consists of biotite, 
i~~rosene ,   apa t i te ,  and a little  plagioclase  set  in a ground-mass of orthoclasr. The pyroxene  is 
nearly as abundant  as  the biotite. The " b l ~ c l i "  axlie on the  same  level has tile  same  mineralog- 
ical composition. A mica dyke associated  with  the vogeSite ilescribed from  the Ivo% Xas l ;  tunnel 
is a nlinette  carrying only slnall  quantities of augite. 

EFFUSIVE TYPES. 

Azl&tc Latite. 

h hand specimen of a rock from  near  the  summit of 3lount  Roberts  vhich  is believed to  
be IL 3lcsozoic  effnsive sho~(.s a few  black  phenocrysts  in a darlc-grey to  bluish-grey  ground-mass. 

with  trachytic  structure. The primary  minerals are orthoclase,  plagioclase,  hornblende,  magne- 
Some Nebs of lighter  green occur which  suggest  amygdules. In  thin section  it  is  porphyritic 

tite, aird biotite.  The usual secoirdarg prodncts are present,  and  probably much of the horn- 
blende is  secondary  after pxrosene. The ground-mass  is a felt of altered  feldspar  needles  with 
pyroxene  and  much epidote. Some of the feldspar  is  still  recognizable as orthoclase. The 
cavities are  apparently  true  a1nJ~gdoles filled with  quartE  and epidote. This rock is  no  doubt 
similar  to  the  augite  biotite  intite veimrted by Daly on Record  Mountain  ridge  west of Rosslnnd. 
An analysis of that  rock is gil-en. 
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of Analyses of the Dcsmlment of >lines, Canada. 
So1~n.-Ant11yses I., 111.. IS. frqm  1gnc0m Roelm and their Orisin, Dnli. Other anals-~es from RenOL'ts 

I.-Daly. Igneous Rocics and  their  Origin.  page 23, Average  lloneonite. 
11.-Monzonite, Rosshnd, 700 feet, Lo Roi mine. 

IIl.-A~wage granodiorite,  Ddlf,  page 23. 
IT.--Sel~on granodiorite. 
Y.-Selson granodiorite,  two  lniles  south of Trail. 

VI.--.\ugite porphf.rp, Josie drift, 1Vor Bngle mine. 
YlI.-Angite biotite M i t e  (extrusive  equiralent of monzonite),  Record  Mountain  ridge 

VIII.---Shepl1ard granite,  south-east of Rossland,  four  lniles  cast of Lake  IIountain. 
,Test of Rossland. 
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and  tlrc  ore-nlinerals are practically always massiT-e. &st of the  minerals of the  following 
While the variets of luincrals  found  is  rather large, well-crystallized  species are the exceptio11 

descriptions are found  in close relationship to  the Veins. The  order of arrangement follo\r.s 
Dana's classification. 

SXCIYE ELXUEXTS. 

denite,  and  bismnthinile neaP ailmli-syenite  dykes at  the  Giant  and Jun@o mines. It is also 
GolQ.-Xative gold was found  in  impregnations of arsenopyrite,  pyrrhotite,  pyrite, molyb- 

found  in  small flakes in quartz reins  in  the  mines of the O X .  group. A part of the gold of the 

10 to 50 per cent. of the total gold content. Sonre pockets of gold have been found  in  the  sulphide 
ordinary sulphide'ores is in the  free  state,  the percentage of the free-milling gold varying  from 

ores. 
Silver.-The ores are  almays  argentiferous,  but no native  silver  has been reported. Wherer.er 

galena o c c ~ ~ r s  i t   is  silTer-bearing,  but eVen in  the ores froe  from  galena,  silver is present. It 
seems likely that   i t   i s  assoeiated with  the  snlphides  in a re'latiollship similar  to  that of the gold. 

SULPIIIDES. 

associated  with  sphalerite, galena, pyrrhotite,  and  chalcopyrite. 
Sti0nite.-Stibnite occurs sparingly  in a fine-grained massive fdrm  at  the Lilu dlarl. It is 

oceurrying  in impregnations near  pulasltite  dykes a t  the Giant and Jvm7,o lnines. 
Uisn~~zrtlLinite.-Bismnth sulphide  is  mentioned  in  the preliminRry report on this  district as 

At the l'elvet mine, on Sheep creek, ten miles west of Rossland,  there is a lens of soft  flaky 
d.IolZ/e~cliite.-~lol~,bdcnite UCCIIM i n  B fine-grained  massive  form ilnd a s  scaly nggregiltes. 

molybdenite 2 feet long ,by 3 inches across. The  mineral is common in  the  reins of the Come!, 
and Foveltv claims on tho sloiles of Red mountain.  There  it i s t h e  nlassire  fine-grained  rarietx. 

of mines,  but  in  the South Uclt deposits  it becomes onc of the more important  ore-nliilerais. At 
Galena.-Lead sulphide  is  found  rather  sparingly  in  the  Centre Star, War Bugle, Josie groui) 

the .Gill/ lu(kV mine  considerallle  galena occurs in the massive form, shoving  cleavage  cubes a 
quarter of an  iuch in diameter. It is  argentiferous  and  associated  with sphalerite, chalcopyrite; 
pyrrhotite, and a little  stibnite. 

Sphale,-ite.-ln association \Tith galena, zinc  sulphide  is one of the prominent  minerals  in 
the ores of the  South  Iklt. It is founA rather rarely  in  the  deposits of Red  mountain. A 
specimen  from  thc  eleventh  intermediate  level of the War E a g l e  shows a brownish-black  variety 
of sphnlerite  cutting  rein-like  through  chalcopyrite  and  pyrrhotite.  hlassive  fine-grained  sphal- 
erite of a deep-brorvnish colour was also obserred as small irregular veinlets and hlchs in a 
greenish  siliceous rock frolrr the 900-foot level  of  the Josie. 

J'v~ri~otite.-!l~l~is is one of lhe  import,ant  ore~minerals. It is  massire  and  qranulav  in 
character,  both  coarse- and flne-gr:rinell, and probably of different  ages of deposition. Some 
specimens show i t  as distinct  veinlets  cutting  chalcopyrite,  but  this does not seem to alv'ays hold 

nearly always  carries u rietenninable  anlount of niclcel and a trace of cobalt. nickson  states 
true. Tho  1)p"hotite is  auriferous,  but the coarse-grained  varieties are usually lorn grade. It 

that  tho  Rossland  pyrrhotite agrees vith  the formuis. Fes S,. In  the  Sudbury ore he  states  that 
tile  nickel  did  not replace part of the  iron  in  p?nllotitC,  hut  occurred  in  the nrinernl pentlandite. 
So fa r  no pentlandite 1x1s been recognized i t  Rossland, but Gersdorflite* SidsY has been 
reported. Analyses of ~irn'llotite  from  the 'lfonte Clwistb gives Si, 0.13; Co, trace. Snml>les 
from the 13celLixg Stov show Si ,  0.W; Col 1.5s. 

always IllaSSire and  fine-grained, occnI'ring as veinlets aad ilnpregnirtions in  ?ssociation  with 

Chalco?j?i~ite:  Possibly the most  inlportant orc-mincral of the eamy is chalcopyrite. It is 

pgrrhotitc  and  pxrite. It carries  both gold and silver values. A large aavt of the ore contains 
only a snlall anrount of ehalcoyyrite, probably less than 1 per cent. Rarely,   howe~er,  ore-shoots 
are found  in which thc  sulpilides Colisist lnrgely of chalcopyrite, and the copger content  will run 

Roberts slates i t   is  a constant ~CceSSory, oftcn forlning cui1e.s and cnlro-octahedra a third of ail 

Pgl?'ite.--PJ-rite of sererol geilevations is present i n  the rocks and ores. In the  hlount 

inell  in  dialneter. In the veins it  is  mualiy massire ant1 is probably of different periods of 

uu to 30 or 15 per cent. 

* Itcgort, CrCoiozieRl sllrrey of ~ a n s d ~ ,  1001, m I r .  
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Azurite.-Bluc carbonate of copper is not so conruion, but \pas observed  in a sluall cavity  io 
quartz  at  the 0.JC: mine. 

S~i.~c.vrss. 

I~ol las to~~ite . -~~ol las toni te  has been reported  from  Rossland,  and  the  optical  properties 
of a xreyish bladed mineral from  the War Baglo indicate  that  it  should be refereed  to  this 
species. 

Acti~olitc.-i~Ctinolite  occurs  in a. sample of ore from the GOO-foot level of the Le Xoi.  It 
forllls rosettes of silky green needles  betmee~l  vhicil  chalcopp+te  and  pyrrhotite have been 
deposited. Also in a sn~nl l  cayits in luonzonite  from  the Citg of Sz)oltiane tunnel  small dark- 
green  radiating  needles of actinolite neeup. It. is :tn associate of the  chalcopyrite  ore of the 

ore-bearing fissures. 
D e w  Pa& mine, and  in general seems to be f rc~uent ly  derleloped a s  a secondary  mineral  near 

Gamet.-Xassive reddish-browu  garnet  occurs  in  the ores occusionally, and in ruggs small 
deeg-red crystals  are sollletimes found.  The  usual form is the  trapezohedron. 

EpMote.-Rpidote is a frequeut  secondary  product of rocI~-alteration  and  is  found in fissures 

deeper  levels  the  rocis  sometimes  eshi.bit a faint  bandilig  that  seems to be due to the ~)rcsellce 
and  irregular  masses  in  all  formations,  but  more  especially  in  the  older  grallitic rocks. In the 

of epidote along certain zones. 
Aponh~,litc.-hpoyhylite is one of the most  con~mon of the  crystalli%ed minerals in  the r u g s  

and  the open fissures. Crystals of three  differellt  habits  have been noted:- 
(a,) Crystals of the tylic Conilllon ill ngophylite, ConSiStillS  of the almost CnhiC form of the 

of this  rariety is white  with a pearly  lustre. 
prism and basal pinacoid. The corners  are  usually modified by the  unit  pyramid.  The colonv 

esclusion of the  basal pinacoid. The enlour is a faint pink. 
(0.) The secolld type has the  prism relativeis elongated and the  p>-ramid developed to  the 

The base  and  unit  pyramid are the  prominent  forms.  The c ry~ta ls  81’8 aggregated  either in 
(c.) The third type  is flat tilbniar.  The  prism is ouiJ- slightly developed and unstriated. 

parallel grougs with  the  basal  faces  in Contact or in  radiating  growths. The colour is piill<. 
Apophylite of the  first  type  with  crystals 1h inch in diameter forms an  encrustatian 011 

brecciated  rein-matter on the 7,200-foot level of the Centve Star.  Crystals from the secolld k c 1  
approach  the second type,  but  still  retain a small liasal llinacoid. 

forms delicate needle-like crystals  showing  the  unit  prism  terminated by the orthodome (201.). 
J,aumontite.-This mineral  is  also connuonly found  among the niinei’als of the vuggs. It 

\‘?hen first obtained  the  crystals are bright nnd transparent,  but on esposnre  to  siwfacc c o w  
ditions  they lose maim rind soou become white  and ophguc and finally disinteaate. 

Chal~a;itc.-Chahnaite occurs nnder the same conditinns as and  in  association  with  laumon- 
tite. It forms almost cnbic rhonlhohedra 1h inch  in  diameter  alld  often forlns genetration trvins. 
The variety  is vh i te  with H delicate pearly lustre. 

GnLeli,rile.-Gluelinitc iras been reported  as  reddish  white \vell-formed translucent cryst;IIs 
o f  rhom1lohedral habit occurring in  the Wn,. JCag7e 7~~nrbinyRs.* 

was found in the So. 3 1Vur E ~ g k  tunnel.  JIinute  ]write  crystals vere found o n  the  surface. 

seconaary minerrlls  develoyed by tile ore solut i~ns.  

I’veh?zilc. -Trarrslucent grehnitc. Oli!-e-green wllen fresh,  hut becoming vilite 011 exposure. 

.l~z‘scovite.-~jlnsco~ite is eolnmon as an  alteration pxoduet and a eonstiluent on the zone of 

Iliolifc.-The black mica is also produced  rslher coLI~monIs in the  neighbourhood of the  ores. 
Cl~.Iorft~.-T~i~is  mineral is found in  large  amounts  in  similar reelationships as muscorite and 

An outcrol, is foulld an  the  Great Sosihern Rnilwily lieilr the O K  mine. It is 1)rnbably a product 
Sc,.pentirie.--Iirrpure seqleniine  forms a r.0~1; t:-pe exposed nt rarious  places near Rosslnncl. 

of the alteration o f  a pyroxenite or similm basic rock. Serpentine  is  also connnon in  fissures 
and almlg firn1t SUrfaCeS. 

~ ~ ~ ! ~ t l ~ ~ ~ t c . - l l y ~ l ~ n ~ ~ ~  cobalt  arsenate  forms as an earthy  alteration  Ixoduct iron, cobaltifcrous 
minesais. I t  is  fouud chietly a s  a thin  coating on pyrrhotite 01’ arsenopyrite. 

biotitc. 
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