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INTRODUCTION 

Earll' in 1948 the C &n7 und rtook drIllIng ,. rle or churn 
drlll ho1 8 on the Oxid propert~, a porphJr7 copp r d po it loc ted 
at SlIver Bell , ArizOfta . prIncIpal purpo.e or thl te.t ark was 
to ch ek the grad and contlnu1t7 or the ore 7 derl d b7 churn 
dril11ng 1n tb 7' ar 1909 .. Oen reI 8010s1eal work and dIaaonct drill­
ing at El Tiro re included in th ~roject ; h v r, th1 r port oon­
e rna onl,. th Chrun drillIng and a.plins, and 18 d •• isned to provide 
tor those intere t d de cr1ptlon ot the thode us d aM a ."".17 
ot th ult obtain d to dat . 

, 
'ltlo coapr1 1M th t~t on the coab1D d proj ct ar: ,1~M1erltz J 

J .V DBSVaWt, J.0.P1 7ter and the wrIt r. 

LocatIon and ololl 

v rase depth ot 

T.h chiet ore it 1 ••• 001 t d wIth pJrIte 
and a1nor chalcop,rit , oocura narrow vein. , trine ~ 
d18cret sratn 1n a moderate to tro 17 altered group ot rocks 
wh1ch include. onsonlt, dac.1te, o~, ala kIt an4 a r1 ot 
valcan1c t10ws and tuft ,. '1tl mineralized intrusive rocks occupy 
a major north .. t "break" bJ' Pal oz01c I1J1e tone on th 
north and Cretaceo shale. and volcanic on th outh . El Tix-o , 
a d posit s1ll11ar to th Oxide , 11 1tuat d on th am 8tructure, 
thr m11 8 to the north .. t . · 

'Dle north rn one-third ot th depoe1 t (Copper GIrl Rill) 1. 
charact riz d b7 rou .ad.rat to st. p-dlpptnl 1nera11z d 
faults tn 8lllcit1 d oua rocks oontaln1ft1 lnolu81 ns ot ta- ' 

orpho ad diMnt. A lara r proportion ot th chalcocite occura 
a8 narrow h18h grade v 1na and the distribution ot ore 1 I Dar 111' 
aore lrr gular than in the south rn two-thirds ot the po it , Wher a 

or unitorm blanket ot sulphide nrlchment exist . 

Earll Dr1111!!a 

Around 1901 a total ot 71 churn drill hol.. averagtnl 275 
t et ~ d th re co 1 t d in and near the deposit b7 the OxIde 
Copper Ca.panJ . The •• hole. , lsht inch •• or le •• 1n diameter, .ere 
drilled w1thout ca81~ , .xc pt Where xc ••• ive cavtns ot the walls 
oocurred . Data on "Churn Drilling at Silver Bell n tr Pe.le'. . 
Handbook 18 lilted 1n the ppendlx ot thia r port. 
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cubic J'ard 

Op r t10n 

a ur1nS 24 t t b,. 50 t 

Att r th tirst 12 hol. re c lete4 the lifter interval was lncreu· 
d to 35 ~ t;.ak1nI a total ot 105 t t tor th rie. ot three liners. 

AI the IO-inoh aaa 1s uaual17 laced 10 ' or 15 t .. t 1 ttl top ot 
H, th 5-inoh it ott n acb a tbrQUlh the ore~ el1a1DatlDS the 

e • it,. ot re . . 

In th rl111n& ·on C r lrl Hill hard lilicious "ribs" were tr -
quantl,. ncount red. !he ott n detlected the bit; 1ft luch cas ., 
bla tlDS was re~ to .tra~ten th hole. . 

2. 
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luper ne chalcocite Whioh occur nt ot 
Chalcopyrlt and ~lt • 

Labor 

Ba111!l1 

AV.4rJ • AV.d7!J it . 
or total or tot 1 As ..., 
dart valve Sand pwap Dart Valv 
8..,1 SalllDle Sample 

18 317 .0 lb .0 Ib O.93~ CU O.~ Cu 

r Ult. indio t. thit no appreOiable ooncentration 
ot copper c urred fn th re t throUih h7draul1c classification, and 
th t the ~t ot the remnant va not sUffioiently sr t to mat.r1all~ 
ttect the ucceed1ns 8aaple I had1t been all d to remain in th hole. 

It 18 conclUded that in th seap11ng ot "low srad ft oOPP :r ores the dart 
bottOlled b iler 18 an acceptabl . 1 to Ncov.rins th laaple. However, 
adequat au rv1alon t be prov1 d to ~naure that all aludse po 1bl. 
1 r mov d trom th hole with any t ot bail r: a c on tend nC7 .. ons 
drillers 18 to avoid ballIng the hole cl an 0 that a h1lb r gravity 
liquid w111 b available tor t tart ot the next run. !he r te ot 
.advanc 1 compar tlv 17 low untIl th vat r added at the start ot the 
run thicken. with Ii\ld trciiI the dl'il11n1. 91 t nde to C&rr7 the 
cutting wa7 trOB th t c or the bit and th1. p'rm1t mor tf1c1ent 
drilling and more rapid pro 

" 
W t Splittirys 

TO obtain ca.parlaon bet n th 1 from the ap11tter and 
th r jete, in a number of caa I the entire r ject wal drt d, welShed. 
and aa ayed. · A tabulation or th. t. tl 1. liven low. All. ~t8 
are ot dry mat rl 1. 

5. 
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A Act 

Split t.ot 
Fr ction SE1 S~1t If 

115 12-7/§ I 1/32 745.25 ~.29 23.50 22.56 1.2~ 1.41 .18 
120 12-718" 1/16 ~12.81 .55 57.06 45.12 1.2 1.29 . • 05 
125 10 ' 1/16 23.25 38.~ 50.75 'Z1.25 1.17 l.~ .02 

119 145 6-1/2' 1/16 151.~7 9. 13.6 11.50 0.87 o. .01 
165 6-1/2' 1/16 208. 2 13.04 21.12 11.50 1.13 1.06 .ar 

109 240 6-1/2' 1~6 208.62 1 04 25.12 11.50 0.92 0.95 .03 
250 6-1/2" lie 1~2.62 1 .58 21.12 23.00 1.O~ l.~ .02 
260 6 1/2" E1 1 7.62 20.95 26.62 23 . 00 O,§ 0.7 00 
300 6_1/2" 141.62 17 .70 22.12 23.00 O. 0 0.78 .02 
2iO 4-3~t 1/8 128.62 16.08 18.62 12.25 1. 1.20 .13 
2 0 4-3.4" 1/8 l~:i~ 12.17 1 .88 12.25 • 0.86 .02 

~f5 4-2/~ " 1/8 13.99 laosa 12 25 0.85 0.90 .05 
107 4-2/ ' 1/16 88.81 5 .. 55 .06 6 .12 0.19 0.14 .05 
.106 220 4-3/4" lA' lOO.~6 6.29 8.~ 6.12 1.26 1.41 .15 
105 2~O 4-3/4" 1/8 110. 1 13.85 15. 1 12.25 1.04 1.01 .03 I 

0.98 1.00 .06 

6. 
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101 
102 

~~ 
105 
1<:6 
1 
10 
109 
110 
111 
112 
AV r 
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No.ot Sampl 

7. 

0.0 
014 

.0 

.0 
o 

.017 

.0 

.013 

.016 

.001 

.019 

.049 

.041 

:~ 
.072 
042' 

.035 

.005 

.059 

• 



six of the twelve hol •• ~ The aver.-.ge of .035 on the "high 8ide" tor 
El Paso ~ee rather oloa ly with a comparison of Tucson composites 
(ore rune) tor twenty-s ven boles J and th corre pond1Jlg averages of 
individual 8 1. assay d at El Palo, a toll,,: 

Jacobs, Tuo -on - average of 27 compo.it ••............ 1.043~ Cu 
Umpire Lab . El P,alo .. average of individual sampl •• 

in th 27 compo.it.s ......•..•..••.....•...•• 1.08~ au 
Difference ........•.•... .03 cu 

No independent oheck .ere made on th non-sulphide oop~er 
determinations by Jacobi. These, t the start, were made by dilute 
sulPhurio acid l.achi lat r the sulphur UB acid methO<! waa adopted. 
A check or previous determinations showed that the sulphurio method 
produced persi t ntly higher result. than the sulphurous method" This 
was apparently due to the dissolution of 11 or part of the finely 
divided ch loccite during the sulphuric aid leaeh. 

Effects of CasiP6 

In general practioe, when there 11 cau e to suspect the aocuracy 
of ohurn drill ... pl •• , underream1ng 1 used to r.alt the casing to 
tollew the drill bit and protect the sample from contamination. 
Kennecott Co~r Corp ration ,emplo7ed this method xtenalvely at 
Ch1no and Bingham Canyon. U ually the hole 1 underreamed in 20-toot 
l.et1ons corresponding to the common length of casing jOints, how ver, 
it 1s tmpractieal " to xtend the ream1ng proce I to the bottom of the 
hole, due to th fact that the underream1ng b1t cannot advance when the 
h~le below it f1118 up with eutt1ngs. To remove these outtings and " 
continue the underreaming the tools mu t be changed (twice), the hole 
r'edrl11ed, and the sludge bailed out -- a prooess involving eon lderable 
time and excessive coat per foot of advanee. Thus, in practice, th 
casing lags at lea t ten feet behind the dr1lling, tailing at any t'ime 
to protect the wall. ot th hole around the Should ra ot the bIt wher 
the surging action or the sludge 1s at max~um. In view or this, and 
other und 81rable f ture8, such as the higher co t per foot compared 
to the short liner method, underre~ wa not employed in the Ox1d 
drilling. . 

The syat m of casing described. under drilling "Ot'eration" was 
designed as a means of g uging the accuracy of the chUrn drill sample, 
by providing for analyai , a large n~ber of samples drilled under 
pecified lengths of open hole. EV ry si&th 8am~le, drilled 
~ediately after a lin r 11 run, 18 completely protected from ,. •• 1ble 
contamination from th 118 of the hole above; the preceding sample 
i. exposed to 25 feet ot uncaaed hole. 

A compar1son t th 8e two lample by copper assay provides m-ana 
of measuring in an a: proximat mann r the ount of salting in t rule of 
oopper content. If th ground 18 sUsceptible to saltlpg~ i.e., an 
appreciable percentage of the ore mineral occur as relatively soft, 
triable vein. or pockets in the hoat rock, the ample taken below the 
liner w111 show a drop in a.lay value equal to th UlOWlt of "extraneoua ff 

copper intrOduced into the unprotected ... pIe taken juat before the liner 
1. run. Due to the lack of uniformIty in copper oontent, anyone pair 
or sample. 1. of littl s1gnlf1canc; however, ov r 100 pairs have been 
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. 47, 43, 41 
62, 58, 54 - 808 t - 1331. 

H .. 781.4 

9. 

129.0 tt. 

124.6 ft. 

Av rap 
Or 

1.21 _ CU 

1. ~ CU. aVe 



A total ot 11 hoI •• were drlll d on two .ection line on Copper 

Girl Hl11; iv ot the •• , how vel', .ere 1n .a.te or aubliar&lnal 

.at.rial and •• re not included. 

While the to otnl c~ar1.on 11 ba.ed on comparat1vel7 small 

nuaber ot hol.,s I the indicated reduction t ctor ot 3~ aar... rather 

clo.ely with conclusions reached b7 Kruttachnltt 1n weilhlns the 130 

l.vel Copper Girl drift rai.. and cro.s-cut .ample. repr •• ntins 2130 

tt ., agalnst the srad. ot old churn drill hole ,in the .... area. The 

130 level sample. averaged 34~ lower than an average ot the churn drill 

s pIe . 

S~l • trom a •• ri •• of rlve rai •• a, driv.en on old churn drill 

hole. b7 the Oxid. Copper COIlP&n7, av rae d ~ lower than th correapond- ' 

ing churn drill lample.. Howev r, the trend.a not uniform: two ot 

the 20-tt ral. ran h1lber thant:t1 drill _ampl , two lower, and 

one was qual. 

. 1'he apparent inaccuracy ot th sample. trom the early drilling 
on Copper Girl Hill ma7 be attr1but d prlnc1pal17 to the prevalence 

ot copper-bearlns vein 1n the area, oaab1n d .w1th open hol drl111nsJ 

trequ.ent blasting in th siliceous zones may have been a oontributing 

factor. 

SUllllarising, the data obtained from rec nt r1111ng doe not 

repre.ent .uttlc1 nt17 thoroUSh. .ampl1~ to arrive at a recise 
r duetton factor tor old 4r1111nc, due rtnc1pal17 to the .xc •• 
irregularity ot th .cbalcocite occurrence. However, the pr .ence 

ot 80 saltine in th old drill lampl 1 the 1011ca1 conclusion. 
It 1. reca.mend d th t tor the purpose ot calculatIng ore re rve., 

(1) allot the old ohurn drill re ulta over l.~ CU 1n th v1c1n1t7 ot 

Co~p.r Glrl Hill, north or Sectlon H-H, be r duced 3~ in grade, and 

(2) all old drill result south ot Seotion H-H, and all recent drill 

relUlta 1n both areal be accept d at tace valu. The ppllcatlon ot 
th reduction factor need not be unitora; hllher aaaya may be reduced 

b7 a sreater .. ount. Ho .. v.~, the n t ettect hould be an overall 

reduction in irade or at lea t 2~. This 11 believed to be, tak1t1S 
all factor into con 1d ration, a Uttlclently conservative basis on 

which to •• tablish the averas sr 4e within th knoWn de oait. To tlra-

1,. estab!i h a tonnase rieur and 11JBlts ot minable ore, a tew add1tfonal 

drill hole. ar r ~1red around the mar ina of the deposit. 

In applying the hort int rval 11n r yet ot ca ins to d posits 

ot greater thickness than 150 t et, aonsid rable atra1lht r.~, 
1n.talli and. removing ot liner. would be ntaiI d. To d t I'IIl1ne the 

usc pt1bl11t7 ot the sr,ound to alttng, ever.r third or tourth hole 
111s1lt be.. n ahort tnt Mal and the re t dr11led open. ' 

J. H. COURTRIGHT 

Addendum: 
Since the toresotng was written, the al~ splitt r d •• lsned to 

provide aore accurat spllt in relpect to illbt (pase 6) was conap1 ted 

and t t . Dn tlve dltt rent alu48e run. th spllt. 1e varied tram 

8gsC to 94_ ot the correct llbt, or an av rag ot 92_, whIch represents 

a conlld rabl tmprove nt over th d •• tIn tormerl7- used. A .eparate 

de cr1ptlon ot the new splitter, Which dlttera tr the old mainl,. in 

having a st •• per pitch to the serle or Jonea-type units, will b 
provided tor th til 8. 

10. 



TABULATION 01' CHURN DRILL DATA AND COSTS 
'S!~v.r Bill, !91!§ . 

Of r t10nal 
NUiiher of Hol Drilled ... " It ........ ' .. " .... " .... .if " ,. • III ., " 30. 
Average depth " ...... III " • Ii • III " .. " ....... " • " • If ...... III /I " " " , 356.0 tt Ii 
Tot root " . .. " . . . .. . .. . .. .. .. . .. .. " . " .. It .. " .. " • III • • " *. 1 t:17 00 " 0 tt 

TOtal No.. 8-hl' shitts .,,, .... ,,.,, ..... t " ... '" ........ " • • .. 757 .0 n 

Avr advance l? l' hitt .•...•.......•....•... 14.1" 
U tf f ~'let 5000 tt ..... " ... " " .. 11 . 7 11 

tf It t H 2nd 5000 tt.. . .. .. . . . . " " II 16 .. 6 if 

W t r conauaption p r &bitt •••••.••• " .•••••••• 300.0 gallons 

Drilling .,t •• ,.f ........ !61.~! .' ........... .. 
ovlng ........ _ . • • " .. ,. ,. .. .. • ,.. . 1 .~, . · .. . . . .. . . .... ., -

R aaing ......... ,. •••••• , ... 7,,~ ••••••• ' ....... . 
Running casing 1 r 9.~ ..•........ ~ A 

lays .. rep.lor , 1ah1 , to 14 .. 7~ .... " Ii • ~ ... , ..... " .. 

Not : contruct1 n ~parat1ontor drillIng 
included 1n abov it 

11. 

3694.1 houri 
460.3 ft 

454.2 if 

557.2 .t 

890.2 ff 

If " 

It 

rt "' 



.. . .. ......................... ., _ • .. 62 
.. ........... II ........... 41 .... 14256 . .. .. . . .. .. .. .. .. . .. .. .. .. .. .. . .. .. . . .. . .. . .. .. .. 519 

, tt .. , ....................... . ~~:&l 
., . .. .. .. . . .. . .. . . .. . . .. . . .. . 22.97 

. . .. .. . . , .. .. ., .. .. .. . . .. . . . . . .. .. . . . .. . .. .. .. . . . . .. r tt. . . .. .. .. . .. .. .. . .. .. .. . .. .. .. . .. . .. .. . . .. .. . .. .. .. . .. .. .. . . .. . . .. . .. .. . . . .. . .. .. .. .. . . . . .. .. .. . .. .. . .. .. .. . .. .. . 
.. . . ... ................................................ . . . .. .. . . . . .. .. .. . .. .. .. ., . .. . .. . .. ., . .. .. .. . . .. . . .. . . .. . 
... ................................................. .. . 

., ....... .. . .. .. . . ~ . .. . . . .. . . . . .. . . . .. . 
•• «- ................. ., • .. ... $ 

Hot : drl111n1 

12. 
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NOTE 

MateNal used in cOllStrucfton of sp/; Iter. 
0' 16 gauye hlac/r shut Iron ro/'" splitter housing, 

tiers, baffles, dischalye lips> som,o/e and 
reject disc/7tlr!7es. 

® I}'equal /129 ,K;f" an.9le irO/1S' tor splitter tran7e 
and reinforceme.t7fs as s/JOWI1. 

® j"Oiamond floo/'" plote. 
Welded construct/on used /1;1"01.191;01.11 e.xcflpf for joming 

of sample (lnd rejec/ divIders of tiers whch were 
so/del" sweafed. 

/lil7,ges used fo/' sp/aslJ covel' and baffles are Ij" .buNs 
welded Ii; place. 

.- - 8;l----

r-- ------. 
. I 

Swinging bailie shown -~_ -i I" 

Sample - Reject 
Partition joining 1lers. 

Discharge Lip 

Swinging Bal/le. 

sli9hty D~n for clardy. Lower 
edfle of baffle touches lower 
edye of discl;arge IIp for true 
position. 

Sample d/sc/1ar,ge. 

Floor pig/e. 

i 
~ , 

I 
I 
I 

I 
I 
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l _______________ l.!. 
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SIDE ELEVATION 

Reject 
f)ischarge. 
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SECTION A-A 

CHURN 
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I 

1 
DESIGN 

OF 

DRILL SLUDGE SPLITTER 
Americon Smelting and Refining Company 

Scale 1Y2D= I' AprH.1950 

DESIGNED BY J. H.·COV9TRIGHT AND R. E. MIERITZ 
DRAWN BY R. E. M1E:RfTZ 


