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~I!'ORIALS ALG:::lt R. SYl<L, :.JI:.'OR 

FBLD ::ill? ?O 7R:::: BT :\CI: HI!.LS : Faat Presldent Charles H. Preston has 
taken- to h<Jart the duties of his !".ell Job- -1:.A!ER OF FI::L!I ·:JI?S !:X~.A03DB~'\Y. Ee 
ha.s a way of 11 st1c!~if'.g his neck ontn , so he says, but he also hns the ha.bit of 
!:eeJ)ing possession of it and :putti~ the job over . Anyvey , he has p-e.ciously vol­
unteered to lead another super field tri'!> to the Bn.d lands and 3laclr iiills of South 
Dakota . 'The :Sad Lands of So·.ith ~ota nre, alone , ver:- nuch worth while . ·':lien , 
there 1e quite as ouch &eologic interent in the :Black Hills as in the Grand C~·on 
area and certainly .i;reater variety. Your eCitor ha1 just returned frOQ a busineBB 
tri!' to the 3lac'.;: EU ls and w:1ile there c:ade ten ta ti ve arra~co.entti for pannil'IG n 
little gold next sw:ur.er. ?he trip is scheduled for the lnst weel: in June . J.:r . 
Preston has alrea~· ber;un preparations so we should ber,in ours too. 

DI:;-.81 l-'~I2rG : Several have sur,.gested that ve have nnother c!.inru-r cieet­
ing sor.ie time before the end of the lecture season , that it be held to n llil!IPle 
pr oi;ra.-:1 includinc, dfr.ner, the usual lecture , an auction, and nllow ti:;e for vlsitint: . 
Flease let us knov whet you think about it . 

JR . D. 3 . LA\~~c; , uho gave us such a splendid lecture on Pa.ricutin at 
the Federation lla.nq_uet. rt>turned to the Society the Honorarium we tendered to hi.Cl 
"'' i th the s!JGCestion that "Je :gurchase t\fo books for the use of' our ~eobers . 'These 
books are ncrater La:.:e : :".'le St~· of its Oricin11 and "Volcanoes Jeclare iiar" . :'bey 
have been ordered. We ari! most -;rateful. to ::>r. La11rence for his e:xtr8l:le !:indnees , 
and ve can assure hie that be has eaC.e a lasting friend of every meober of this 
organization. :he directors Cave ;:a.de Dr. i.a.,,Texe an Eonor~· !:eeber . 

JA.PS-OLSON Ccti?A.:rY, :F?.A::i :il:=::JO.':i VICZ-::F~SI::E:.'.? , Printing and StatloMry, 
have contributed the paper for the covers of our Bulletin for one :-·ear . 'le are 
greatly indebteC. to the::i. for their &er.erosity , o..~ ve all do B!-'rxeciate it very 
much . 

Al-i::;R.ICA .. 'i 1-:USE\J:!.; OF !iA~.AL EIS:'O:!Y Of i;Li YQ.'CU: Cl:'Y has r,lven us a copy 
of Dr . Charles ?. llerkey's book on the Gcolot;;: of China . P!!rha!l& not all of you 
knov that Dr . Bert:ey vorked out the geolo~· of the :"~lore Falla ~angle for his 
doctor' s thesis at !-iin+"'.esote.. Later he becBr.le head of the Departcent of Geolor,y 
at Colu.:ibia University and was t:eologist with the Roy Char.can And.revs famous 
expediti on to the Gobi Desert in As i a . In excha.y,e we are fivin& the A.Clerican 
1-.usewn of !'.aturel aistory a complete set of our 3ulletins . 'le are greatly indnbted 
to the l'.useu:n e.'ld sincerely appreci ate their lr.!ndnesa. Dr .•Berkcy 1s a member of 
our Society , 

TEI!lD A~1H'SSA.'lY : :le are now three years old , and this 1s our .Ar..niver­
sary I ssue . Ir we ce.--i improve as t:"Ju.ch in the next three ycmrs as we think we have , 
and as some of :1ou have said ve have, in the pai;t three , we should have a fa irly 
good Bulletin . 

DA':'A SKSTS : Included in thin issue are three data sheets contributed by 
Professor ~hwartz. :::hey are authoritative and excellent for ready 
reference . Profeuor 11ngre:l in !JOSsibly the £reateot econo:nic reologist of all 
tine nnd anything he writes cocoands attention . 3atecan 1s Cln-Gaification 1s equally 
author itat i ve but ls on differ ent lines . Dr . Schwartz 1 s "Important tanerale of 
::cow:i::iic Depositsn should be kept i"'..&Ildy for 1.cr:iediate reference when :vou are study­
ing nines or ore deposits . ?ney are well worth preservinr. and we include the:\ for 
that purpose . 

::RUS'i' Fmm: A co:::.oittee condstin;:;: of Past Presidente Freston, S;nne , and 
Zalus:-;y are worki ng vi th the "JirPctors on a rln.n to eet up a trust fund. for the 
Society. It is planned to establish a trust to be mnnru;ed by t.i.ree trustees to 
receive, hold and canage !'ropert~· and ::ioney fo r the benefit of the Society and its 
wort: . Details will be given in ciue t~e . 
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EUl'IJRE OF FISSIOU ':'HE ATm AS A SOURCE OF POWER 

The Whaley-Eaton Service is one of the leading weekly 
letter services to business l!len published in Washington , 
D. C. Gnder date of Septe::iber 28, 1946, they included 
in ttith their weekly letter a SUPJ>lement on the nruture 
of Fissionn. We have aecU?"ed special pert:iisaion from 
them to present this article to you on t."'1.is tir.iely subject . 
We know you will be interested in reading it . We e;'lttend 
our a.pprecia.tion to the Whaley-Zllton Service for their 
courtesy. 

:£!.lJ,."'!JRE OF FISSION 

The A toe as u. Source of Power 

'l'HE MinDS of thoughtful men , overwhelmed by the destructive possibilities of 
the atom, of bll.Cteria. and of the virus, increasingly turn town.rd the potential bene­
fits which the New Kno'llledge could bring to l·laz>.kind. 1'he cocta:iplation of a. future 
in which the incredible results of his crentive thinking 4re used by Man for his own 
destruction is nltogether too painful . With thr key to the fund.:i.mental power of 
Nnture in hh ho.nds , it has to be llSSl.l::lCd tb.nt Man will use it for the general bene­
fit; that Vutern civilization will long enough survive for the Hew Utopia to be 
realiud; that V.on will coce to kl:.ow himself as well as he now knovs the physical. 
universe . 

For the future could well be the :iillenni\l.':I to ... "tll'd which huoani ty has groped 
for centuries. On t.he one band , the dangers of the present are so obvious, the 
potentinl CAlaait.;,- so appnllin& , th."\t the constructive oind, for the mocent, is 
pvo.lyz.ed. llut on the other , the prospect is so bright, the conte=:pla.tlon of on.nkind 
released from povert;r and its consequences so nppenling. tl-.nt it is snlutary to turn 
froc the poasible Trat;edy to the no leu possible Prot:iise of the liew !:ra. 

0pPration Crossroads hM been discontinued- nu c.n experiment to determine how 
much of his hnndi.,,.ork Mn.n cnn destroy in c. fraction of n second. llut 1n the larger 
sense , the Operation continues . 11It 1a we who o.re nt the cr ouroads, and the decision 
is wbethu cankind shall become obsolete 11

, said nn ecinent scientist recently . ·The 
nurpo~e of the present study is to show what, if Man survives, be may achieve as a 
result of his new colll!l31\d over ?7a.ture. 

The recent report to the Atomic !:nercr Com.'11.ission sets out the facts which 
ROVcrn the use of the atom :is a source of power . It m::-Ji::es cleo.r the fact that atomic 
power is far closer n.t hand tha."l has hitherto been suspected . There are certain 
technical probleos yet to be overcoce; but by COl!lpAI'ison with those o.lrendy sol ved 
in the production of the atomic boob these are trHHna . The report shows beyond a 
doubt thR.t power !roe the atom will be nvailnble shortly . Proble1:1s at the technical 
level have never in its hlatory held up the :;:iror,ress of engineering , and only the 
DCl&t pessimistic cn.n see them doing so now. 

An aatoUJlding feature of this nccour.t is the cost conpnriaon , for electricity 
generntlon, betveen .::i coal nnd a."l atomic pla.."!t-- betveen , th.at is to say , a coal plant 
perfected and chenpened os to initial cost and as to cost of operation by r. hundred 
;ten.rs' 82perience--Md the very first ntoillic plant. :=:ven so , the original plant cost 
11 estimated to be only two-and-a- half tices grenttl.r for the ato::i tha."1. for coal. ihe 
coat of power so generated (includitl€ interest charr.es on the investmont ut 1f, in 
each co.ae) is pven more nen.rly similar ; 0 . 65¢ per kilowntt-hour fo r coal , o . 8¢ for 
the atomic 1ource . It requires little lmeginntiori to see thnt, vith1n a fev years­
pnrticul.arly vith conl coats aountint; , as se~a 11kely- - 11coa1 11 pover vill far exceed 
ato:lic in cost . 
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!be :iajor cost of power to the consuoer , in nny ever.t , is in its tr11.nso.ission 
to hio , not in its genaa.tion , H is for this r.:nson that hydraulic power differs 
ao little in cost from thnt cm.de froa coal . It is here that the ato1:1 will cost 
significar.tly r evolutionhe the power-world. The nto::iic plant cnn be brought near 
to the consuoer; it need be located neither on n river nor near n coal-source . ?for 
does the arguoent thnt coal- fired plants are prer.ently located in big cl ties influ­
ence the cintter . If the plant is located within the city, the coal oust be trn.n.s­
ported to it- -if the plnnt is locnted on the river (or nenr the oine) the power ~st 
be wired to tha consu::ier . 

:'he atocic J>lMt , requiring exceedi:i&lY little fuel by bulk , may operate for 
mor.ths on the fuel 'With vhich it is originally supplied. The "pipe-11ne 11

, be 1t a 
sttlng of coal-co.rs or a high- voltage traneaba1on lint> , virtually disappears. 

The foregoing applies to the r.uclear power plc.nt in locntiona o.lre:ody supplied 
with power froo conventional sources. It is abundar.tly clear thnt, in due tine , the 
n.tor.iic plant will offer serious coopetition to ita present alternatives; this al­
though all technical probleos connected w1 th the use of the atOl'J as 11 power aource 
nre adoittedly as yet unsolved, ~.he controversy which hns arisen, in both the tech­
nica.l and non- technical press , over the fen.sibility of nuclear power gen.era.tion should 
not be allowed to obsclll'e the pictlll'e- the fo.cts n.lrendy known, in the opill.ion of a 
v11st majority of competent authoritiea , lenve no rooo for o.ny t\lternative interpre­
tation thnn that t:iven nbove. 

Atocic power will be genernted , it will be t;eMrn.ted soon, 11t.d it v111 be 
~er.erated at a co::ipeti tive price. 

Other suppliea fail - the atoa is t.lte fundaoe:ital cor:.stituer.t of the universe, 
hence unf3.il1ng. Wh.o.t ~he Sun does the Atoti c&'l. do. b'here thtore ia cntter, there 
ls now energy; r.o lont::<!r oer ely pote:itiol er.ergy, but er.e-rgy nvnilnble to release 
hucu.nity froc unproductive ton . In tapping the fund.o.::lentnl reservoir of energ.v in 
Nntlll'e , in acquiring this inatnt:Jer.t of tl".e Creator of the U:iiverse, l>:nnkind is for 
the first tiae in history in n posi tlon to nbol1sh poverty, to do 11:-.ything oechar.ic11l 
enera pemita , to revolutionize every hu::ian ta.ak froo i;icriculture to t1edicine . Only 
one queation reoains--can !--'.an control hbaelfT 

The foregoiJ'.g is not an overst<lte::::ent. Ey cooparison with this lo.st achieve­
aent, nll hl.U:len invention is i:isigJ'.ificn.~t--the wheel , the printin& prt1u , the steDl!I 
engine, the airplMe, nll ntll trifles . Our discover7 that at-tter ia er.@'rgy has 
delivered into our ~"Ida the key to the door of Heaven or. :!.arth. 

So vo.st 1a thE' revolution now called for in our thiddng that fev who hnve so 
fnr written on the Ato:iic Age have shown n fraction of the ioagir.:ition for llhich the 
possibilities c~l. Many, it is true, ho.ve forecnst sweeping beneft.ta ; tte fev who 
have seen nothine but probleas are ouch leas thnn conv1nci!IB. 

nevertheless , to the lay r,:,ader, the exiatence of an alternative opinion- the 
11 it-can 1t-be- done 11 school- is di squletine 11nd requires exp1anation . In the course 
of technical hbtor:r it is over and over o.gnin uwa.rent thnt e1i.ch of nan 1 s discover­
ies is greOted by 11 eeoi-professional chorus of unit:16f,inat1ve detractors . As ea.ch 
new vist11 opens to the inforned a.."ld unb1nsed nind, the prospect is clouded by pessi­
aistic and co-called "conservnt1ve 11 inteniretntlona . 

!j'.or nre the scientists the::iselves ~lty ; their trair.ing, in the obaervation 
of facts a.'ld suitable deduction therefroo, h11vee no roon for 1nQ£;ination of the type 
required to fo r see the social and other consequer.ces of their 01im discoveries . A 
stor~·. prob11bly apocryphal, illustrates the point : it 1s said tlu\t Lord Kelvin, when 
deoon1treti1"-& hie first refrigerating Ol'.Chine, did so apologeticnlly-- this was c. oere 
gadget , a r.ent t<Jchnical trick, of no conceivable 11pplico.tion or reo.J. consequence. 
Whet.her true or not , the story is at lee.st lllou.iMting . 

?he ai!ld tr11ined in non- in&gl!!a.tion car.not be E:xpected t"l utili7.e n. neglected 
fMul ty on the spur of the nocent . 

l"ne pessicists notwi thstand.ing , lt is certain thAt nucleor power will r evolu­
tionize the vorld for core conpletel;r than did the steD.O engine which heralded the 
Industrial Revolution. Even the ;:;o:;t fertile il:IOdil".&tion hao o.lw~.-~ fallen shor t of 



• 

• 

• 

the full Cll\gni tude of the consequence of onn 111 knovledge : the leu- then-cost- 11!1.agin­
at1ve prophets now &:PJltar :ierely foolish. Thti cooplete z.."ld f1nnl 1r:tpossib111ty of 
cocounication by rndlo Wl\8 "proved11 less thM fifty yen.rs ago ! 

The fraction of the enrth 1s surface at present supplied with power is renark­
o.bly sn.o.11. It ho.a been orgued that the t1.:1ount of power available to ea.ch inhabitant 
of n country ls o. t1ea.aure of the star.d&rd of life which it offers . Such p.n interpre­
tation is , clearly, approXioo.tely correct. l1on-industr1nlized China !:lust depend on 
hw:ia.11 ::iuscle , on bensta of burden , on the wind for the propulsion of eailboats- the 
tota.l avnilnble horsepower is but 11 ttle greater than that ir..herent in the capacity 
for physical work of the inhabitants. 

At the opposite end of the sen.le, the United States , with a. total (ir.cludi.ng 
powEr plants, rn1lronds, trucks, buses , nutocobiles , etc., etc . ) of no lesa than 2 . 64 
billion horsepower, offerB t!le use of neerly 20 horsepower to ench nnd every inhab­
itant, Md this exclusive of his own phys1cnl work . Ste.ndard of life aa;r be censured 
-in pDrt- by the power at one 1 s colll:land. 

Fron this argt1:1ent--o.s indeed fro:::i ciore direct reasotd.ng-it is npparent that 
the undeveloped sections of the world oust ao reno.in until oa."lpower cnn be suppleaen­
ted by oechanical horsepower. The vast areas of Chin..'!. , of :Brazil Md of India , to 
nc.ce but three , nt preaent 11uppor t only an under nourinhed ru:.d spnree 11opulation. In 
each, conventionnJ. sources of power- oil, water or coal--n.re either w"H.wnilable or 
unexploited. Without industry, the stnnda.rds of life ere wretched, those of agricul ­
ture pathetic ; even fertilizer production requires po1ter . To auch a.rans , the nuclear 
power pla.nt offers o..~ escape froo 1'.ature 1 s pnrsinon;•. They are no lor.ser at an 
in.surc.ounta.ble dlsadvant&Ge by co:ipa.rlaon with the uore fort:.l!'~te countri.::a such as 
the U, S., where, in nbundo...'l.ce, all three foros of po\ller are richly ava.11nble . With 
the introduction of ru.d.ily available energy, the hu."'la!l i:-.hnbitants of the "power­
leu" areas can cocnence their ascent of t?:.e ladder of ci7Uiza.tior.. Certclnly it 
v111 be lon& before they res.ch the height& now achieved else..,here-but the lo?\G 
o.acent of progress 1e now theirs to an.lte; the power inherent in oa.tter is ave.ilnble 
to all, irrespective of location .or fortune. 

What has been said a.bove applies to the releo.se of atooic power by the aethod 
at present underatood- by nuclear fission. It applies exclusively to the gener ation 
of' power in lar#i8-scale , stationnry plants. For this linitation, there exist at the 
present tine good technical reasons. The process of fission of heavy &lacer.ts pro­
duces , in addition to energy ll..'\d useful end-products, powerful rndio.tions lethal to 
huonn beina;a. To prevent their escape , the r.ucleor "pile 11 is surrounded by heavy 
ah1eld1ng , ns e. result of which it ca.~ot be expected that a. prn.cticable pla.nt can 
be ca.de-on present knowled&e- to weigh less thnn 100 tons . Such a weight, l:!Ost 
plninly, rer.dera the present device utterly unsuitable for the airpln.ne, true!: or 
nutocobile, just prMticabl e for the lo.rgeat locoootive. clenrly possible for large 
se8t:o1ng vessels. 

The conclusion thc.t sao.ller pl.:i.'1.ts EU"e not o.t present foreseen , however , does 
not coopel the suppo&ition tha.t they will not appear in tioe, 11.!J nnny hllve argued . 
The very reverse is true . Already on the horizon nre entirely new net.hods of releas-
111& the energy in oatter . 

klong these lU'e new r1ethods of deriving power by the fission of heavy elenents, 
wwccoopan1ed by lethal radiation product& in their present q~"l.tity. !:nt:rg;r can be 
derived. also, by proceues other thnn fisaion. :'he fusion of Ur.ht eleD.er.ts (the 
oppollite procen to the fission of hce.vy ones) is also ru:coapanied by o. vast release 
of energy-it 1e Cl:l&zi?l8 to speculate on the posaib111ties of a pla.nt operat~ by 
the fusion of so liy,ht, a."ld so very cheap , an eleoent as hydrogen. :By n.11 these as 
yet unexplored syate::is, entirely nev possib111tiea ns to weight c.nd size nre opened 
up. ~hereby, ntocic fuel could replc.ce tho.t now used even in the s:::nllest ar.d 
lighteat power plnnta . 

We cust note, pRTenthetically , thnt the o:tensive benefits which nuclear energy 
can offer the world will be realized only if, in t.":e first insto.r.ce a.t lee.st , cODpre­
henaive research pla."l.S are cerried forward in the United States. 2here is no !lOnopoly 
on scientific knowledae-it is certain that nr.y technically progressive nation cculd, 
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on the bnsis of auch knowledge P.s is freely a.va ilo.ble to ull 1 construct nnd operate 
an atocic pile . For the les.s industrialbed nntiona , this vould , true , present a 
foroidable proble.., , but not &."'! insoluble or.e . 

The production of power fro:i. a nuclenr source vould not be feasible , on the 
othtr hre:.d , for &!'.Y country other th.n.-i the U. S . for oany Y'fnTa 1 tice . 

I t therefore b!!l\001."es the li . s . , both on r;r<iunds of secur i ty and of com:ion 
hu::ia.'lity, to prosecute t..'i;is research with all po11sible speed , and to ensure that the 
ut::iost freedo::i froo un."lecessarF gover=er.tnl interference la secured . :'he Goverr:­
oent. plnlnl~', cust have n ::iontJ.poly on nll fiulone.ble on".erials ; but it L"Ust have 
r:o such nonopol;y in the gener".tl. developoent of nu.chN' industry. 

"l'he Goverl".:::ient , n lirl tes Dr. 'ltbeeler , n19 not an engineering cor:cerr. . Ever:: 
dollnr spent b;r the Goverru::ier.t ir. encourl\6'.ing industry to ent' r thie new field Yill 
bl' worth te:. dollars spent by the Governoent 1 e tryinc to do it itself ." Properly 
to CX!)lOit this great discovery , ato:::iic ler,islnt~on nu11t .r;ivo to il'.dustry the great­
est possible freedo::; conpatible with netionel (and intern:\t!On.t'.l) aecurlt::. 

I t 18 over-opticistic to hope that political folly , indeed hur.11:1.."I stupi dity in 
genernl, will not deley the realization of nll the be'.'lofitt- vhich the ne.,,. knowledge 
cnr. br1J'l6 nbout ; but neither is it conceivable th:.t tht:i dolB¥ will be fin:ll . All 
that ha.a beet". so.id here leads but to one ccinclusion--i:nn la nt the threshold of n new 
ern in hla 13€0-long bnttle to control his enviroroe'.'lt . 

T'no posolbilities o.re so a11-~brru:1r.;; thnt even the ::ioat fertile oind can o.t 
best onl;y 3ee ahead for a decade . Yet o:i.e cleor result ::i.(,I be fordcaat --the provi­
aion of pow;::or to tho!le areas a.nd these h\.Clan beinge now deprived of Ha be::.efi ts, and 
corresp01'.d1ngly free of its res"Donsibili ties, will profour.dly cl-.11.n.-:e the aocicl , 
poll tical nr.d econoolc face of the vorld . '!'ile utcoat of hUJJnr. wiad.oo vill be re­
quired to c.void the utooat of h:u::ian ctsery as n consequer:ce; but, for Han, should he 
live to see it , the llew Era s:iculd dt!.-.rn 'briP,htly, inteed . .. . .. . . .. . .. . . . . .. . .. 

The object of Dr . s,.·artz 1s lectures riven prior to Ja::.unr;1 lat , vas to &ive 
us a general knowledge of the ninerals conatltutine ore deposits. Begir-"llng vi.th 
the lecture on January 6th , each lecture ""111 be devoted to n deecri?tio::i of the 
principal ore bodies of the world a..'ld t!'.eir t>COnocic importa.r.ce . You will find 
this inforoo.tion a very great help to you in ;:our general read.ill(.', in more ways 
than one. ".Yara are fou,qi_t , peace is c.a.de, nnd nations die or a.re born deyendinr. 
oftentiriea on the ore deposits they control. 1'hiB aeries is Just starting. :Brin& 
your friends . 

VIII JAl1JA.RY 1), 1947 ; CO?P:R D"'...POSil'S 

IX JA~WARY 20 : GOLD A!iD SILV:::l JE!'"ilSITS 

JA?:UA..'ll.Y 27 : 

XI F:J!3UA!l:Y J : 

XI I F:::l!RUABY 10: 

XIII TJRJA..'qY 17 : 

XIV T.JrnUARY 24 : 

X'i /.L\B.Cii ): 

XYI !URCH 10 : 

L:AII . .\!TD zrn2 D!FOSP'S 

IE!'OS!i.'S OF A1llil!im, "'lN Al:'D mc:3L , etc . 

COAI. IEPOSI:r5 : ORIGt:I : Geologic :>istribution 

COAL :EFOSI ~S: Geo&l"aphic Dlatribution-Siu.i!Jm.nce 

SAL: !>:EPOSI~S: (The Salines) 

CLAY lEPOSES A!'."D CLAY ao:KJ'::'S 

m:?OSI:'S Oi PHOS?HOi!.OUS, GRAPEIE , SUI...?Etra., 
ASlES:'OS, A:"'D LZSSZR 1:0:·- r;z:m...tICS . 
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• 

Feldapo.rs 

IHcas 
Pyroxl:.'nea 
Acrphibolea 
Olivine 
Apatite 

Feld11pnr 
QUartz .. 
Mi; 
Apatite 
Beryl 
r:auiterite 
A:iblygoni te 

OR!: : 
ANenopyri te 
Chalco.,yri te 
Cubo.nito 

Feld sun.rs 
AttJ:hibolea 
Pyroxenes 
Garnets 
Micas 
Ghlorite 
CarboMt.es 
Q.uartt. 
:i.'ourcnline 

A. ~-!AG!lA:'l~ SEGP-:-GA:'IO!:S 

~~~~!°~a au tile 'i'i02 Pyrite FeS2 
(CuAl2Sf204 Spinel V.gAl204 Chalcopyri te Cu.FeS2 
Cocplex Ha.petite ~=~~i2 

Chrooite FeCr01.r 
RSi03• Ilmenite Corunduo ~l,03 

~~~~f:) zS104 
Pyrrhotite Fes~-sn Diamond 
Pentlandi te (Fe,~!i)S Feldspathoids-

(CaF)CS4(P04)3 llephe11te •2"•&"a519":J4 

:a .~ 

Seo above Col um bite- Fluorite CaFz 
s102 Ta.ntalite re11bf06.Fe?az06 sp1ne1 ii&-1204 

t~~t~~(P04)3 ;;~~~tite ~~~S~i04)) ~i:~::~:o ~;~i6SiOJ)z 
:Se~2(Si0))6 !iutile ':.'iOz ~ournaline E~l1~:B. OE)zSi4Di_9 
Sn02 Scheelite ('aW04 Wolfrnmlte (.re,f.!n)li04 
Li(AlF)POu Holybdenite EoSz Triphyllte I.i(Fe,kn)P04 

1'op~ Al(7 ,0H)~S104 

r . PYRO!£:'ASO?·:.CI~ OR co::~~=- IEI'A!~O!U'RIC D::POSI:'S 

FeAsS 

g~:~~ 

See above 
See above 
See above 
See above 
See above 

:naracteristi,. are silicnt~s of ce.lciu::i , 

Grnphite 
Hematite 
Magnetite 

Pyrito 
Pyrrhoti te 
Spha.lerite 

D. EIP03CRI·iAL m:?OSI.:'S 

Sphal teri te ZnS Graphite 
lfolfra::iite (Fe,Hn)W04 He::iatite 
Scb.eelite Ca\:104 l·:at;netite 
Pyrite ~=~~n 

1:olybdeni te 
Pyrrhotite C.ruu;iterite 

liat't5Al251J018 ?ellurides Ru tile 
FeAsS ·:i.'opaz Arsenopyri te 

Ghalcopyri te CuieS2 Fluorite 
See above Gold Au 

c 
re2o3 

1~~S~4 
Sn02 
:10~ 
Al(..120H)zAl , Si04 
CaF2 



• 

• 

• 

'· 1.r.so?H:::R:!..U. ~SIS-16.~ 

Carbona.tea {several) Arsenopyr1 te Fe.Ass Gold 
llnrite BaS04 P-pite 

i~:~J 
Molybdenite M.oS2 

Quartz s102 31s:::iuth1n1 te Polyba.site 9A<;2S. Sb;,S3 
Chlorite ;~~!;tri~2sa 3ornite C\14l'eS5 Proustite JA£2S . As2S3 
Sericite Chalcoci te cu2s Pyrnrcyri,.te J.A&zS.SbzS3 
Fluorite Caiz c.halcopyrite Cu.FeSz Stibnite SbzS3 
Opal Si02. nll,O Covellite CuS Telluride a 
Qr.t.hog;l.tl~ KA1S13Da 2nart;ite ~tsS4 Tetrahedri te 4CuzS , Sb2S3 
Argentite Ae2s Gal•= Sphalerite ZnS 

E'. :=:?IT:ERUAL m:?OSI:'~ 

~a ~~~(gfu12(S04)4 Zeoli tea Gold Au 
&lJm11' Argenti te A1;2S Mlll"cndte Fes2 
Carbonates .-'\rsenopyri te FeAsS Polybosite 9Ao2S. Sb2S3 
~- Bo.504 Bornite 0\i4FeS5 Prouatite JAgzS . As2s3 
Celestite SnS04 Telluride a Pyrargyri te J.1.<2S . SbzS3 
Chalcedonv, opal , Ghalcop;yrite Ou.Fes2 Pyrite Fes2 
Chert , quartz , Ohalcoc i te ~t 

Renlr,ar AoS 
Chlorite "lJl'<5Al2S130,.8 Cinr.abnr Stibnite ~~:~ . Sb2S3 Kaolin Hi,A12S1,09 Gal•na PbS retrched.r1 te 
Rhodochrosi te 

~~3(5104)3 
Sphalerite ZnS Fluorite Ca1'2 

~e Stf!'lhanite lA92S . Sb2S3 

G. DEPOSli'S J.:r 53.ALI.-OV rE?!'HS 3Y COLD ~.,bSOLtr.'ICl'.~ 

Carbonates 
Sulphates 
Calamine (= Hcimorphite) 
Celeetite 
Chalcedony 
Chert 
Anhydri ta 

Quartz 
Chert 
Carbonates 
Clay minerals 
:Bauxite 
Opal 

Gold 
Platin'lll:I 
Diamond 
Il.l:lenite 
~la&neti te 

FeTio2 

E:2Zn5i05 
SnSOz:. 
S10z 
Si02 
CaS04 

?luorlte 
GypsUCI 
Aaolin 
Opal 
!-:arcaBite 
Galena 

E. S2DTIJE!7..,ARY ~ 

Li.mon.ite 
He!ia.tite 
Ps1l01:1ela.11e 
P;yrolusite 
Pyri t e 
Gypsuo 

Fe203 . HzO 
Fe203 

lfo02 

I. PLACER !H!jCRALS 

Spha.lorite 
P:,Tite 
Scithsonite 
Ura."iiuci mtnt<rals 
Vanad.11.1!1 min~rals 
3ar1te 

) 
) 
) See 
) above 
) 
) 

Ha.lite Ila.Cl 
Sylvite KCl 
l.J&.ny other chlorides, 
nitratee 
eulph11tee , 
boro.tes in 
deposits forned by evaporatior 

Garnet• 
Car.oiterite 
Ru tile 
lfor.azite Phoa!'hnto of ceriun .oetale 

•Garnets Rllji-111 2(5104)) 

(c:-.araeter1at1c ga._~ 4f~~~ :~~ : ;~;~~ 
c1nerale are underl1r.ed) Grossnlo.r1 ~e• CayU2(Si04)) 

P~Tope.,. MeyU2{s104) 3 
Alr.o.ndi te= Fe)A12 (s104) 3 
Spessarti te- l·!n~l2(Si04) 3 
Andradite= Ca3Fe2(Si04)3 



A CL.\SSl?IC.CIOU OF J.:I::::P.AL D3POSI:'S 

(Froo ''mneral Deposita 11 by W. Linderen) 

I. Dtipod ta produced by nechanical processes of concentration, teopera­
ture and pressure moderate. 

II . Deposits produced by cheical processes of concentration, teoperature 
a.'1d preS&ure vary between vide lioits . 

A. h bodiea of surface waters 
l. lly intera.ction of solutions 

a . Inorganic reactions 
b. Organic reactions 

2. By evaporation of solvents. 

l Teoperature , o0 to 70° C. =. j Pressure , ~.:oderate to strong 

B. In bodiea of rocks , 
l. lly eoncentration of subeto..."lces contained in the geologic 

body itself . 
a. Concentration by rock C.ecay and {Temperature , 0°- 100° C. ~ 

residual weathering near surface lPressure, moderate 

b. Co:~e:::;;;o~i!~~~~ - water { ~~:~:::::u-:~~:;~~~o c. = 
C'o:~:~!~:{i::t:!o~~c and { ~8:~~: . t~ 1~o° C. ~ 

2. Concentration effected by introduction of substances foreign 
to the rock . 

Origir. independent of igneous activity. 
By circulat1Il6 atcoapheric p:eoperal;ure , to 1000 C, ± 

watera at ::ioderate or l Preasare, ooderate 
•light depth . 

b. Orir,ii: dependent upon the eruption of ir;neous rocks, 
(a) :Dy hot a.seer.din& waters of uncertain ori1;in, but 

char1;ed with igneous emanations. 
(1) Deposition and concentration {Teop. 50°- 200° C. ::!:: 

at slight depth. ::::Pi then:ial \.Pressure, .aoderate . 
de:posita . 

0 (2) Deposition nnd concentration \?ecp . 2000- JOO C' . :: 
at intermediate depths . Meao- Pressure, high. 

(J) ~:~i!::!t~~ncentration {T~p . ;00°- 500° c • .= 
at great depth or at high Pressure, very hi gh . 
temperature nnd pressure . 
Hypothoroo.l deposits . 

(b) lly direct ibJ1.eous e!!lanntions . + 
(1) Froc intrusive bod1ei;. con- rTemp . probably 500°-

tact oetMorphic or pyro- 8000 C, -! 
aetasccatic deposits. Pressure, very high. 

(2) Proo effusive bodies. Sub- !Te=ip. ioo0-600o c . 
li?ilates, f'.l::!aroles . Pressure, atoospheric 

to moderate . 
C. In magc.ns, by processes of differentlntion 

---a:-v.~tic deposits proper . ll'e=iperature , 700°-15000 C. :­
Freaaure, very high . 

b. Pegi:iatites j Temrero.ture , a.bout 575° C. ::! 
\Pressure , very hit;h 



• 

l . MBG1at le Cor.cen­
tra.tion 

2 . Subllcia.tion 

J . Contact cet(lz:l.or-
:phis::i 

"· Replacecent 

5. Replace::ient-
fill i ng 

6. Cavity filling 

I. :Early ir.acm.atie : 

A. Di!!St':lina.ted 

B. 5egrE:,_::i.T.1on 
C. InJec'..i?n 

II. Late mo.g:no.ti(: 
A. Residual liquid 

Diemond pipes 
Chroci te deposits 
Kirunn cagr.etite 

set;rer,r.';ion Ta.berg magnetite 
B, Residual liquid 

injection Adirondack 1!18.fil'letite 
C. Immiscible liquid 

segrep1tion Inshwa. sulphides 
D. Io:iiscible liquid 

injection Sudbury eulphides1 

Sublioates Sulphur 

Contact oeta::ior:rhic: Cornwall ::iagr..eti te 
Iror., copper, p,old , etc . l·:arcn-=1 copper , etc . 

Replace:::ent: 
A. Masstve Bi8bee copper 
B. ~d .. !'!ssure Iirklll:'..d lake e;old 
(' . Di.eseci:l&ted "Porph;(Ty 11 cor,,ere 

Replace:::ent- filling depos1ta lhltte COJl:Fer veir.s 

Cavit7 filling {ope:i. apace 
depositrt: 

.A . Fissure veina 
B. Shear-zone deposits 
C. Stoc::works 
D. Ladder veins 
3 . Saddle-reefs 
-· Tension-crack fill ­

ings (Pitches and 
flats) 

G. Brecc i a fillings : 
1. Volcn.nic 
2 . Tectonic 
J . Collapse 

:a: . Solutior.-cavity 
fillin{;S 

Pachuca, LP.Y..iCO 
Ot.BGO , !lew Zealand 
Al+:"':iberg tin , Germany 
Morni"lQ Stnr, A.iutrnlia 
:BendiGO, Australia 

Wisconsin Pb o.nd Zn 

Banick pipe, Cobra.do 
Mn.scot , Tenn ., Zn 
:dtabee , Arizona 

l. Caves and chn.r.nela "ihconair.- Illinois Pb 
and Zn 

2. Gaeh veins Upper :-iiuiasiPri VoJ1ey 
Pb and Z:i 

I. Pore- 5pace fillings "R~d b"n. 11 coppe'"' 
J . Vesicular fillil'l(':s La.Ice Superio":' COJlllf'r 



• 

um.wris PROPOS:SD CIJ.SSIFICA';IOU 
---(fOiltTilUC~ ·---· 

~ Deno sits 

?. Sedimentation (ex-
clusive of evnpora.- Sedicentary: Iron, C&ni:Bnesc, 
tion) phosphate , etc. 

8, Zvaporatlon E:vaporites: 
A. Marine 
3 . Lake 
C. Ground water 

9, f~echanical concen- Placers : 
tration A, Stream 

:a. Beach 
C. Eluvial 
D. Eolian 

10 . :Residual concentra- Residual depoBi ts : 
tion Iron, mnnge.nese, bauxite , 

etc , 

11 . Sur!tcial oxidation Oxidized, supergene sul:phldo 
and aupergene en-
richment 

12. Ueta::iorpl;iam A. i~eta::iorphosed 

deposits 
:S . l·;ete::ioniliic 

deposits 

Clinton iron ores 

GyPsuo, salt, potash 
Sodiuc carbonate , borates 
Chilo !:1 tr ates 

Californio. placers 
?iomc , Ala.ska, gold 
Dutch Ea.st Indies tin 
Australian gold 

Lake Superior iron ores 
Gold Coast mant;enese 
Arka.'lsas bauxite 

Chuquica.:::iata, Chile 
Ray, Ari::. , copper 

ifo::::ielaberg , Gernan:y 

Graphite , asbestos, talc, 
soapstor.e, sillicanite 
group, garnet 

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

APPLICA':'ION FOR II!lil£.RS!IIP 

GEOLOGICAL SOCI:E?Y OF !·il111GSOTA 
8)1 Second Avenue South 
?-'.inneapolis 2 , J.;innesota 

1 herevi th apply for .ce::ibership in your Society, and enclose check for sum 
or $ __ in pa,yment of cy dues. 

lW:ie, __ T.(P~r~in~tT) ____ Residence ___ r.(Pr~i~n~t)~---~Phone __ _ 

1hls1neu_ -----~•slness Address-------- Phone.____ 

Signature 
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