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schist lncies of the Wlssn hickoll Formntloll III the west<'rJI port of worl<lll~ pit s lope mny be deslgnntcd which Is dllTerellt tbnn the ultl-
the aren nrc surprisingly mngn C' ttc ;uul product' a bl'lt of intense mate slope. 7) The ~izc of till' ShO\"l'l worl<ing an .. 'a is r(',.:!ulntcd. As 

--1incaLauoma lks l'On tinllOUS for lil o rt' than :100 lun . Thl'se nnoln 'l li es !'l1allY as fifty alternate schedull's call be produ ced p('r computer run. 
c a n be trnced u('Tle.1th the CUipl'Pl'r T rin s.slc basi n nnd- juhl--:1nOm-nlics--- TheY----ill"(.1<-n rr-.lngcd-i ll_ dc£CCI'td iJ1l'!" or<l('r s tarting wHit bt's t solution. 
coincident with the Ev inl.!loll Group Ilear Di!lw:nl , Va~ :t) Anomalies 1·"0 1" each sC:ll'du ll' th e Ioll o\\~illg r eports are L!\.'n£' r ntcd upo n r eques t : 
a sso c iated with Illctabasalts of th e Catoctin F()rmation uutllne the 11 A rwriod -b,v-pl'riod minin ,.:! sdwdul e li~till J:: the tOtl ll:lg'l'S oC ore 
Dlue B ia ge .mticlinorium a nd C<l fl ;'\1:-;0 be tracl'd ul'n ea th the CuJ- and wa s le rl' ll1 o vc d Iwr be n "h. 21 ill'neh l'ompositc maps showing the 
pepe r b as in. However, ground s ur\, eys and l11aglH' Hc properties m ca- s t ate of the mine at tht"' C"nd of c.';te h period_ :i l Bench pl~n maps 
sUl'cmcnts sh ow that the mct:tb:l snits nrc m<lglll'tic o nly in }>:1rt nnd des ignilting: b y con to urs th e JnininL! lirnits o f (,01('h pe riod at the end 
apparentJy a l1l:l g nc tic s tr atiL:r.1phy exists. 4) PrC't..':lmurian gneisses of mining. ,1) A yeu r by ~'ear linnncini outcolnc and rate of return 
oC the R eadin g Prong urc highly magnetic. in s lwrp contr:ls t with calculation. 
nonmagne ti c gneisses in the core of the Dlue Ridge and indicate n 
!und.1 lllcntal difTe rc nce between these two b asCllle nt terranes. 

l'rosp~cting and Problcms Associated with Geochemical 
Reconnaissance in Glaciated Teri'ain 

D. W. Foss and W. E. Schc·rf]ius, North American Ex­
ploration, Inc., Charlottesville, Va, 

Industry- spo nsored exploration, for heavy metals gcner<ltcd the over 
3000 scd in lcn t sa rnples u sed fo r thi s investigation. The areas of con­
sid eration are n ow known to host one porphyry copper type ore 
body. tw o molybdenite prospects and several lead-zinc occurrences. 
G eogr aph ica lly s itua t ed in northwest central a nd central l\Ilaine, the 
area is und e rl a in by a varie ty o! rock t y pes rou ghly grouped, for 
statistical purposes , as 1) qua rtz nlollzonitc and r ela te d rocks, 2, 
b asic intr u sive rocks and 31 low- grade tneta sed imcn tnry rocks . The 
m e t a l distribution in stream sediments !rDln v aryi n g bedrock types 
comprise part of this study and were used to outlin e a n0111 a lous 
h e a vy m e t a l concentrations. Subsequent detaile d geochemica l and 
geophysical investigation of the a nom a lies gen e rated by the sam­
pling and to conten d w ith th e difficulties of permiability and varying 
depths of glacial debris. Significantly, sedim e nt sampling mn y be more 
effective for defining bedroc k anomalies than soil geochemistry , as 
exemplified by a bed rock lead-zinc prospec t m an tled by a tra ns­
ported copper-molybdenum anomaly in glacia l till. 

Heat Flow in Virginia 
J. K. Costain, VPI, Blacksburg, Va. -* 
Se ve n sites a re now available in Virginia wh e re geothermal gradi­

ents h ave been d e termi ne d a nd h eat flow values es titna te d . The flux 
a t Cripple Creek, Va. (36' 49' N, 81' 06' W) is 1.03 :!: 0.15 )(cal/cm"­
sec. In southwestern Virginia near Grundy (37' 20' N, 82' WI the 
hea t flow is 1.7 :!: 0.34 )<cal /cm"-sec. The hea t /low, uncorrec ted for 
clim atic or terrain elIects •. on the Blue Ridge at Poor Mounta in 
(37 ' 10' N. 80' 10 ' W ) is 0.78 :!: 0. 08 )<eal/cm"-sec. Geothermal gradi­
ents in Ba th County at 38 ' 14' N, 79 ' 49' W r each a maximum of 
about 15 ' C/I<rn and do not show the high er tempera tures found a t 
the Hot Springs area a bout 15 km to the sOllth. The recently di scov­
ered linear rel a ti onship between surface heat flow an d surface h ea t 
production suggests some applications of hea t /low s tudies to solving 
maior s tru ctural pr.oblems by identifying or confirming large areas 
of o verthrus t crysta lline rocks. A locality now under investigation is 
in the southeastern United States where the Inner Piedmont m ay be 
e ntirely a liocthonous. The h ea t flow a t Poor Mountnin implies tha t 
more than 20 km of crystalline rocks have b een eroded from above 
the rocks now exposed a t this loca lity in the Blue Ridge. 

Open Pit Mining 

9:00 AM 

Chairman: T, E, Scartaccini, Casa Grande, Ariz. 

Open Pit Equipment Selection and Maintenance 

M&E 

F. H. Buchella, Jr., L. G. Dykers, B. E. Grant and 
T. Jancic, Duval Sierrita Corp., Sahuarita, Ariz. 
Principa l factors fnfluencing cquipment selection ca n be grouped 

Into fi ve basic categories. 1) Ore an d was te tonnages largely deter­
mine the types of loading, transporting, and ground prepa ra tion 
equipment to be u sed. 2) Topographical features an d property limits · 
influence the location of processing plants and \vaste disposal areas. 
31 Working condi tions, space limitations, and ore te nor generally 
govern the selection of loading and ground preparation equipment. 
4) Equi pment selection is also in fluenced by physical properti es of 
the orc and waste. 5) Ext remes in t e mperature , rainfall, and/or 
sno wfall may dictate th e need of specia l featu res of types of equip­
ment. T he basis of equipment selection lies in reviewing equipment 
charactcristies a nd capabilitics a long with the mining and the an­
tici pated operating r eq ui reme nts and environmental conditions . A 
good maintenance progranl is vit a l to the success oC any open-pit 
n'lining opera tio n. Some fac to rs essential for a good Inaintenance 
program a rc : a. c lear d efi nition and understanding of organi zationa l 
structure; written work ord ers; preven tative maintenance; proper 
\va r ehouse practices; sys te matic accumulation and r ecord of main­
te nance data; careful planning and forecasting along w ith a ppropria te 
bud ge tary controls; p lanned equipmen t shutdowns, s tandard over­
h aUl proccdu-t'es, . e n g incered worl, m easuremcnts; and finally, func­
tion nlly designed and wcll equipped shop fa ci liti es. A good main­
t enance progra.n supp6rt~d by adequate facilities w ill m aximi ze 
equipment availability and productivity, which in turn will r esult 
in safe, efficien t , and low-cost nlining. . 

Computerized Year by Year Open Pit Mine Scheduling 
C. E. Williams, Asarco, Tucson, Ariz. 
A complite r p rogram h as bce n deve loped w h ich will loca te the 

economic limits of an open pit min e a nd a lso des ign a te w hich ore 
and wa.ste bloc15S to remove .per period (years or quar te r s) which 
will Inaximize th e di scounted cash fl ow o vcr the life of th e mine. 
A carefully selected set DC operating con s tra ints w ill con t rol the fol­
lowin g fun c tiuns: I, The · relllov.1I of overburde n by preproduction 
and production s tripping l'Xpo~(:s it fi xed amo:.Jn t o C o re. 2J A con­
stan t nwnpowcr nnd equipment u sage is insured (exce pt for trllcks). 
3) The to n s oC 1l1i ll ore , concen trate and s to ckpil ed ore arc regu­
Ja ted. 1 1 The nlllnbc r and exten t of s hove1 nlooves .. Ire .nlnirnlzed. 5) 
The grindability oC th e ro ck is cOllside red ns we ll as th e vnri a bl·c · 
haula~e cost caused by vnrlable haula·ge dis tances a nd de pths. 6) A 
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FlIl'ther Experimenting with Tandem Axle Tmelts 
R. Winklc, Kennecott Copper Corp., Ray, Ariz. 

9;00 AM 

Crushing and Grinding 
and Concentration 

MPD 

. Ch~ irman; W. C. Hellyer, Newmont Exploration Ltd . 
Danbury, Conn. and A. D_ Taylor, Bechtel, 
San Francisco, Calif. 

Comparative EvaluatioI1sof the Snyder Process 
W. J. Cav anallgh, Lone Star Industries, Inc., 
field, Conn. 

Brook-

The Snyder Process is a m e thod of comminuting materials by in­
troducing the ore and a ,\."orking m ed ium such as air, gas, o r steam. 
under pressure in a vessel and sudd enly releasing the charge. The 
size reduction occurs through the entrainment of the ore in the com­
pressible working flu id (steam, a ir, or other gases) and their sub­
sequent accelera tion to sonic an d supersonic velocities. Interparticle 
co llisions and other shock producing phenomena are responsible lor 
the size reduction which takes place. The purpose of this paper is 
to d escribe some of the comparative evaluations that have been 
Ina de of the p rocess to va rious materials. The examples that are 
chosen are those in which parallel tests took place with conventional 
nloethods of comminution. These . examples show comparative details 
of th e comminution techniqu es and the subsequent beneficiation, and 
the differences in the resulti~lg concentrate r ecoveries and grades. 
These examples in the paper demonstrate the metallurgical benefits 
to be d.erived from Snyd er Processed material. These advantages are 
b elieved to be due primarily to improved liberation oi m inerals at 
coarse s izes, and in some cases , this is further demonstrated through 
the results of microscopic examina tion . The factors which cause the 
breakup of the material are outlined along with the continuing 
research program. In addition. the history and development of com- . 
m ercia l prototypes is described . in general t e rms. The laboratory 
facilities and the procedure followed in normal testing work and 
comparisons of four different sizes of Snyder Process Units are 
presented in this p aper . 

The Economics of Using a 10 Ft SYMONS Cone Crusher 
A, P. Szaj, Nordberg Machinery Group of Rexnord 
Inc., Milwaukee, Wise. 

This paper will cover the history of the development of the 10 it 
S YMONS cone crush er and the reasons why it evolved In the mining 
indus try. The criteria fo r successful u se of this super-sized crusher 
will be discussed covering such point s as: 1 ) at what plant capacity 
does this crusher b ecome economical, 2 J ho\'/ does a crusher of this 
size a ff ect auxiliary equipment •. 3) w h at is different about this 
crusher than other conventional crushers, and 4, \vhat are the ad­
va ntages and disadvantages of using a 10 it crusher. Since this crusher 
w ill have an extremely high capacity, the a uthor w ill also compare 
the u se of this crush er in a conventiona l cr u shing-grinding circuit 
vs an au togenou s mill circuit. Data on the general .s tatistics of 
the crusher will also be covered by charts and general drawings. 

Pebble Grinding at Bethlehem Copper Corp. Ltd. 
C. W. Ovc1·ton, J. W. Smith, and E. A. Lowe, Bethle­
hem Copper Corp., Ltd., Ashcroft, B.C., Canada 

Bethlehem Copper Corp.'s r a ted plant capacity h ad been Jncreased 
through a series of expansions from 3000 up to 12;000 short dry tons 
per d ay. With throu ghput averagin g 15,500 short dry tons, recovery. 
b ecau se o! in sufficient liberation, was . s uffe rin g and s tudies were 
initiated to improve r ecovery without r ed u ci n g ton nage. Grinding 
and flotation tests demon s tratcd that an additiona l 0.44 lbs of copper 
cou ld be recovered from each ton of ore by fi ner grinding. When 
es tima tes o{ opera tin g costs for {urther rcducti on with steel ballS 
indicated a poor return on investment, pebb1e milling was investi­
ga te!l as a lower operating cbs t a ltern a ti ve . A pilot scale test using 
pebbles screened fr om ore to grind a sample of our flotation feed 
from a n BO % passing s ize of, say. 210 JL d own to 115 JJ. gave encour­
aging r esults and e s tim a tes of operating cos t s indic ilted a recovery 
of investment in less than three yea rs. After an II-month construc­
tion period t he mills were in operation a nd th e iob . of evaluati ng 
operation to ge t the optimum results began. Within the two-month 
period it took to bring the two mills to routine operation, reco verY 
increascd f rom 82% up to 89%, p lant capacity increascd to 17,500 
dry tpd , and copp el' production inc reased in. excess of 20 ~'O. 

To be presented by Concentration Committee 
Title and author to be announced. 

Title and author to be anllounced. 
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