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INTRODUCTORY .

This thesls does not sommuch attempt a detailed
report on the geology of the disseminated ores of Bing-
ham Canyon as a more particular description of the
underzrouna metiods of mining tlhese oresy as well as
stuiies in drilling, sampling etc. Steam shovel min-
ing was studied to some extent but almost all the data
for the following pages has been derived from the Bos-
ton Consolidated Underground Mine and the 01d Utah Mine.

The Boston Consolidated, especially, has been stud-
led for this mine is the largest and, at late date,
was the only underground porphyry mlne working, the 01d
Utah having been shut down on account of labor troubles.

The excellent report of Emmons, Xeith and Boutwell
oh the Economic Geology of the Bingham Mining District,
U.S.G.S., 1905, has been of the greatest assistance to
the writer, and is used as an authority in the short
descripiion of the lidstory and general geology of the
digtrict. For a fuller description of the general
geology that report is referred to, as space for that
i8 lacking here.

The data given 1n the special drilling information,

iramming, sampling etc., Was acquired by research work
' 3



Gone by uwhe author while in tihie employ of ihiis company.



PART 1. GEOLOGY.
Geography.

The Bingham mining district is situated on the east
side of the Oquirrh Mountains, in Utah, about equidis=-
tant from the north and scoulz ends of ihe range. The
Ogquirrh Mouniains form one of a large number of ranges
which rise foom the deserts and run in approximately_
north-south cocurses. They are about 30 miles long,

e north end being touched by the south cad of Great
Salt Lake, and tle south end dwindling and nmeprging into
the low rolling country. The peaks of the mountains

have an elevatlon ranging from 8000 to 10000 feet.

Topography .

Bingham Canyon lies on the east side of tiie Ogquirrh
Mountains and runs in a general northeast course until
it reaches Salt Lake Valley. The main crest of the
Oquirrh Mountains borders the canyon on the west, and
West Mountain lies at it's southern head. Several
large gzulchkes open into Bingham Canyon from the west and
southwest, Hut none of importance from the east. The

most important of these gulches is called Carr Fork.

This Fork and the main canyon form a 'Y' between which
lies most of the great disseminated porphyry dsposit,
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(See map of geology of Utah Copper), which is being

mined by opencut and underground metrods.

Stratigraphy.

The strata in the Oquirrh Mountains conslsts in
tlle main of quartzites, sandstones and limestones, with
intrusive bodiles of monzonite and monzonite porphyry,
and extrusive flows of andesite, the latter being local-
ly called porphyry. The stratified rocks are entirely
of the Carboniferous Age, much the greater portion lLe=-
ing the Upper Carboniferocus. The age of the igneous
rocks in this region 1s not known, except that they are
later ihan Carboniferous. It is these rocks which con-
tain the values |for which the Utah Copper mine, and
in which we are most interested.

The monzonite and the monzonite-porphyry is the
largest formation in the Bingham district except the
Bingham quartzite. It forms many large and small ir-
regular bodies in the mountains which lle east and
noertieast of West Mountain, a group about one mile wide
and four miles long. The two largest of these are the
one which lies at the head of Carr Fork and Bingham
Canyon, and the one that reackes from Highland Bey to
Upper Bingham.

The monzonite is usually a dark, gray-brown or

8



black rock, whose surfaces weather gray or rusiy brown,
The gray aspect is due to the presence c¢f feldsper, end
the dark colors to the presence of biotite, horneblende,
and augite. The rusty brown appearance is Cue tc thre
oxiGation of the iron bearing minerals; the decomposi-
ticn of the feldspars alsc gives a wWhitish surface to
the rock. The monzonite is compcsed principally of
feldspar, with biotite, horne¢blende, augite and quartz.
Magnetite, Pyrite, Chalcopyrite, Bornite, and a little
Chalcocite are found in small grains widely distribu-

ted through ihe rock.



PART <. HISTORY.

Little has been recorded of tke earliest history
of the district. It was & heavily wooded wilderness
known only to the hunter and lumberman, and in the opin-
ion of Brigham Young and his followers, the chief value
of the lccality lay in it's timber. Red pine abounded,
and single trees often measured three feet in dismeter.

Early in the fall of the year 18683, George B.
0gllvie, & Mormon fafmer, found specimens of "mineral"
in Bingham Canyon. He reported his discovery and
located a cleim known as the West Jordan claim. This
was tre earliest mining locaiion in the statle of Utah.
Later the "West Mountein® mining district was formed.

It tcok in the whole of the Oquirrh range, but was lat-
er split up into two districts, the West Mountain district
and ihe Rush Valley district; the latter embracing all

the western slope of the Oquirrh range.

In 1864 the West Jordan Mining Co., Was organized
under the laws of California, and the Jorden tunnel,
eéstimated to cost $60.00 a foot was then started. Pros-
pecting and exploration progressed rapidly, but conditions
were against developement on an extensive scale.

In 1864 plecer gold was fcund 1n the gravels and

in 1865 gravel washing was actively taken up. During
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the fall extensive lode mining yeilded a considerable
profit. It 1s estimated that about #1,000,000 in gold

was recovered from gravels in the early days. At pre-
sent there 1s little or no placer work being done.

In June 1888 the first carlosd of copper was shipped.
Following this period the mining industry in the Bing-
ham district continued to grow until at the present day
it 1s said to be one of the greatest, if not the great-

est, copper camp in the world.

Higtory of Boston Consolidated .

The Boston Consolidaied group originally embraced
an extensive tract on tke eastern slcope of Muday Fork,
lying east end north of the Last Chance properties, and
extending eastward across the head of Ross Fork on the
main divide, into the Monzonite area of Copper Center
Gulch .

It consisted of 51 claims, covering 350 acres. A
20 stamp mill was erected in 1882 and about 50 tons a
day were reduced . Later the work of determining the
practicability of working the porphyry on a large scale
for copper was commenced. In 180< a large mill was
erectdd near Garfield and extensive operations conm-

menced in the porphyry deposits.

°]



At about the same time the Utah Copper Co. was
formed, teking over the Wall properties at & price

sald to have been $7,000,000. In 1208 steam shovels
were put in operation by this compshy, and\justflater;

a consollidstion was made witli the Boston Consolidated.

10



PART 3. MINING METHODS.

There are two general methods of mining the ore
undergrounﬁg cne by the caving systiem and the other by
what 1s locally known as the Boston Consolidated stop-
ing method, a modified shrinkage stope method.

In locations where 1t is unnecessary to keep the
surface intact the caving system was successfully used.
In the use of thils system the ore is blocked the size
of which depends on the character of the ore and the size
of the body toc be stoped. Main drifts or entries are
driven in from tre main raise and sub drifts are driven
off from these at right angles and parallel to each ot-
rer (see map). The sub drifts are located about 150
feet apart, thus allowing many faces to be advanced
simultaneously. |

When the sub drifis are well advanced, cross cuts
are driven at right angles'to them, 30 feet apart, thus
cutting the whole level into a parallel series of drifts,
as shown in Fig. 1. From each of these cross drifts,
at approximately every <0 feet, is driven a raise having
a pitch of 45 degrees. These raises connect with an
opposite one, driven in the next parallel cross cut, a-
bout 15 feet vertically above the top of the drift.

Thus the whole serics of ralses is finally connected and

11



the top ealilowed to cave. This caved material is drawn

out of wooden chutes in each raise and trammed by hand
to maln raises which extend down to the main haulage
level. From here il is drawn by eleclric locomotives

e

Lirousl. the transportation tunnel to the ore bins on ihe
surfaca.

To insure the safety of the miner who is advancing
the stope-ralses, a deep "back-hole" 15 drilled, ané if
thiis pilerces lhe siope or opposiite ralise, he oilor L.olss
are wrililed less Gzl "hea ail uvhe ralses are nearly
connected to each other by widening at the top, a gener-
al blast is made which brings down the whole body of ore
at once, breaking it fine enough to allow it to be
Garavn lhrouzh the cihutes. Few Lculuewes ocour, but if
vlierr Lo, vhey ar:s easily broken up Dy blasliag 1n the
chute .

The principal trouble in this system is keeping
open tre drifts. Necessarily, when the great body of
ore 1s loosened and allowed to cave, gresal weight is
prought on the small pillars ana tops of Grifis,

Ti:ese ure timpbersi with round poles and replaced as they
are broken, the drift being kept open long enough to
draw all the ore.’

®Pulling the chutes", as ihe drawing out of the ore

is calied, is continued wntil the owiuized capping shows
12



up, then they are abandoned.

Althougl somewnhztl dangerous, Ulis was undoubiedly
tlie chgopest and yulckesl method ever used underground.
Tre main objection to it was that the ore was some-
what mixed with the capping near the fimal étage. To
prevent this nmixing, care was laken to draw Lic¢ chules

evenly, which was accomplished by keeping lally of the

As ins been stated before, this system can only
be used where ib is not neccessary to leave the sur-
face perfectly intact, as it caves in as the mine pro=-
gresses leaving a great "sink hole". At present the
caving system 1s not used as it is imperative that the
surface should not be disturbed owing to lhe rallroads

thereon.

Boston Consolidated Stoping System.

In order Lo keep a solid, undisturbed surface the
Boston Consolidated Stoping System is used. As prev-
iously mentioned, this system is a modified shrinkage
system in which the pillars are left standing to sup-
port the sufface.

The ore body 1s blocked out in blocks having a

width of 120 feet, with the length and thickness de-
13



pending on the limits of the ore. Anything over 1 to
5 per cent copper is considered ore. Parallel main
drifts, 10 feet apart, are extended to the 1limit of
the ore. From these at right angles, short "stud"
drifvs are dpriven Iin 30 feet, and the same distance
apart.(See Fig. £) At or near the ends of these short
cross drifts raises are advanced having a pitch of 45
degrees, ULius comaecting wiuvi. he opjosite raice Iln uie

aad

Jucent zross-cul.(See Fig. 3) When each of the op-
posite raises are connectea, and a drift connecting all
at the top is opened out, a series of "hog-backs" is
formed, assuring easy drewing of ile cre.

Tien Lle darifi comnsaiing ti.e Lops of all raises
is completed and "widenea" to 20 feet, the full width
of tie stope, the stope is said to be "opened out®.
When the slopes are gp@asd out, uanwvays are run u1p in
alternate cross-cuts and kepi open by means of 6" x a"
square cribbing. This manway is approximately four
foot square in the clear smmd is kept even with the top
of the stope.

The "opening out" of stopes is done principally
by means of the water Levner drills, and stoping 1is
continued with Ingerscll ani Waugh stopers. (See spec-
1al drill information). |

14



The slopes are kept <0 feet wide, a 40 foot pil-

lar being left betiween parallel stopes. The machine
man stands on top of ihe ore in oréer Lo Arill the Lol;

each Guy eaocull. ore Leing aravn Ly meqns of chulss in

%), to allow room enough for ma=
chiness Thus the stope 1s kept practically full of
broken ore and the pillars remaln intact. Only the
surplus ore, made by increase in bulk when Ddrokan up,
is taken out, as the companies later intend (o strip
e surface and talie out the pillars and brcoken ore
with steam shovels. It could, however, be very cheap-
ly exiracted by simply drawing the pillars anG using
Practicalliy - caving syztisem,

As in il caving metuod, Ve ore 1s wramed by
hand to convenient chute ralses where it is conveyed
to chiutes on the transportation level below.

ComparatiQely little timber 1s required in lkis
systlen. Trhere is less wei kt on ll.e arifits, couse-
quently Wiey are ensiliy xXepl op3n, tae only steop: tim=-
pering being the manways. These stopes can be ad-
vanced to a height of over 200 feet, but over this dis-
tance it is not advisable to work trhem without run-
ning wnanway drifts from upper levels to stopes for

ventilation and accessibility.
15



The limbers used in main chute fremes are 10" x
10" with 6" x 6" braces and 3 x 15 lagging. (See Fig.4d).
Those used in keeping open the drifts are usually of
8" to 14" round timbers.

"his mine is Civiceuw Znto five moin vorlling lsvels,
siuping heing advanced from each level, (See long cross
cut section map), and connection baing made with each
by m2ans of an zGiil Lo iz surisace, o main ve~ticzl
ralse, anw o onwaber of peises, loving pliteles vioying
from 50 to 75 degrees, used for ore chutes.

The main ralse 1s divided in to two comparimentis,
a ladder way and a cage compartment. e cage is wsed
Tor lLoisting timber Trom ihe main iroasposiciion i
‘sub. 1), Lo ithe lovils zbove. Tt is eguipped with a
Sullivan alr hoist having a six foot drum. The common
laborers are not allowed to ride on the hoist.

The cars used for il hanl tramming are steel "tup'
cars, having a capacity of 14 cubic feet or about 1800
pounds. (Sse skouceh). Thev are wesigned 30 as to
dump at any angle, and have a short wheel base so as
to take sharp curves and allow turning on steel plates.

The tracks have a grade of approxlimalely .5 per
cent, sloping fTrow tlic stope cizules to e dump raises.

m™.is ercbles the men to handle the loads very easily,
16



the cars belng emply on the upgrale push. Twenty pound

steel ls usst on ihe sub-lzvals wher: Xhsrd is hond
Lrmaaing .

In the main transportation level, thnree ten ton
General Eleciric, 500 volt, D.C. locomotives are used
for transporiing ore from ralses to surface ore biuns.
Steel, hopper bottom cars, having a capacity of five
tons, are used, sl cars making up o bteain. Sixty
pound rails and No. 0000 copper wire hung from stulls
or timbers at an average height of seven feet completle
Ll.e Lisulsge ecuipment.

e ciutes Ifrom whilcn the corg ars losted are e~
zuipped wiily steel sliding doors, the latter being
raised by means of an iron hand wheel which terns a
pinion gear, which in turn ralses the docr. Very
iittle trouble is haG with uie ore "hanging wp' in
the chutzs, usually not over a Ralf stick of powler
being necessary lo clear it out.

The surface equipment consists of two ore bins, a
double gravity tramway from the smaller wooden bin at
the entrance of the transportation tunnel to the large
circular steel bin seversl hundred feest below, a black-
smith shop, candle house, lozomctive repair louse and

timber yards, The steel bin has a capacity of 4000
17



tons and empiies intoc the railrocad cars which are

necessarily several hundred feet below the transporta=
tion tunnel. Both bins are unloaied hy means of slid-
ing chute doors which are opened with compressed air.
The average cost of underground mining at the Bos-
ton Consolidated during the yveaor liisr Was 350.58 cents

per ton, wnich includes 14.7% cents Lo cover ile uhder-

Srouns wevelopersnt s»xnd cihurn drill prospecting.

18



SPECIAL DRILL INFOTMATIOY.

Average number of machine drills sharpenead per day,
-- 300.
Actual time reguired, -- No record.
Sharpened by drill sharpeners,
Muziber of men ewployed in sliarpening,
-=- One on eacli shift,
Coal and coxe used pzr any, -- 80 pounds.
Alr blast for forge furnished by compressor.
Average time estimated to set up drill in drift,
-- 1-1/% nours,
Average footage driiied per mechine sliift inm Grifus,
-6 Teetl.
Lehgtl. of sliflt, ~-~ 8 hours.
Kind or machines used, -- Water Leyners and 2-1/%
inch Sullivan pistons.
Number of set-ups made, -- generally twWo.
Average total footage arililed in stopes per skili,
-= 075 feet.
Hind of mechines usseuw in stopes, -- Ingersoll, Ley-
ner and Waugh stopers.
Feet urilled,per machine shift, -- 65 feet.

Cubic feet free air used per day in drilling, -
19



-- 2000 cu. fi. per minute,
Average numver of drills used per shift,

5 —~ ol by ; oy mrey mepy 2 I PR =
~= 13 pistons nrna 18 hommor UPillisS.

<0



AVERAGE RECORD OF DRIFTING.

Nature of ground, -- Medium hard porphyry.
Shifts worked, -- 31 of 8 hours each.

No. of men on ea2h shift, -- 2,

Appirroimatle liours spentl in Griiling, -- 5.
Powdar uset, -- 532 1bs.

Posltion of primer, -- Cenler and near bottom.
Feet advanced,-- 117.%

No timbering.

Size of drift, -- 5' x 6'.

Kind of machine, -- Sullivan 3-1/4" piston.

Spring cut holes, cnce in awhile, if in lLawd Sroun.,

AVERAGT RAISTE RICORD.
Nature of jzrounw, -- Monzonite porphyry, dry and re-
quiring noc timbering.
Shifts, -- 31 of 8 hours eacli.
No. of men on each shift, -- 2,
Approvimate hours of 4rilling, -- <.
Powder useu, -- 1035 ibs.
Feet advanced, -- 155.
Machine usea, -- Ingerscil 3tLoper.
Approrinate Lime putiing in stulls,4' x 5',-- 1 hr.a day.
21



TRAMMING RECORD.

—

~

Phere was no s:iovaling Cone Trom rock
in clsaniag wp the Gorifts.
Average nunaber of cars Lramaed from a certaln drift

Sl

>

by a man shoveling from a plate into a car and tramming

8060 feet to chute using a <' x 3' x &' car, --
10 cars in 8 hours.,.
Average numbercof cars of ile above size tramusd
from stope chute to another chute, --- 40.
.01l used on 30 muckers cars and 1% motor cars per
month, -- 111 gallons.
Average length of tramming by hand in mine,
--=- 100 feet.
Size of shovel used in mucking,-- # short Landle,

square pointed and zolding about 16 Dound:s.



TONIIAGE AND COMPRESSED AIR DATA.

The following 1s from a recoxrd kept during the month
of March 1813,

No. of driil shiafts (day), -- 31.

No. of drill shifuvs {misht),-- 31.

Averaze zir pressure al coupressor, -- 80 lbs.

Total wei tons produced, -- 57,265,

Average daily tonnage, =~ 1,847.

No. working days per month, -- 31.

Average number of men per day, -~ 1l31.

Average nuuber machines deily and ailr useld, - s [ollows-
Day Siifv. To. Hucllines, Cus, FL. Aiv.
#7 Leyners 51 47
#9 Leyners 3 .51 424
<-1/% pistons 5.19 400
Hammer Griils 12«55 800
Comp. air pumps £. 80
Dirill snarspenss 2 Torge 1. 125
Air hoist 1. 340
Head house gravity tram 1. 100
<,316
Night Bhift
Hammer drills .38 48
£-1/<" pistons 9 .74 __680

<3 708



The following is a record collected from the office
and by personal observation by ihe author duriang u.e

montl of Juzne 1710

TOUNAGE RMCHRD .

Tons of cre Lol 3728, --mmememmmenmem ==l in R 0D
" " gaste " oSS none
" " ore from developement,----------=--- 80<8
" " waste " OO PRSI none

Nature of rock mined,--nmedium dark, hard Mon:zonite
POCPLY Y o
No oz Loisuved,
Systea of mining, -- modified shrinkage stopes.
LABOR RECORD,
Kind employed,-- American, Greek, Austria, Fin.
Average No. men in siopes,--
Breaking ore ----=-—---=--- 8 men per day.
Shovelling ore to chiuiszs --none

"
Tremming L —_.g7 " #

Timbering --

Stope manways ----—==-=- 11 men per day

Stope chutes ----- ---=-11 ' ‘ .

Total ---=-r-mooomm oo - 1¢1 men per duy.



Averuge Ho. men in developeument.

Advaneing, -------=---==--- ~--% 8 men per day.
Mucking & t:ﬁ’amm;[ng; g m————— ___iz , " " "
Timbering, ------==—=—==----=- "‘iii_ [ ] ]
Total --------- 84 men per day.
Average Mo. misc, msn LaMEr ioinG, - 33 Lon e day
" " " " L " "o

on surface, -- 0

Shaft, --------=-=- none.
Drifts & Xcuts ---2829.5 ft.
Raises ---~------ 489 .5 ft.
Winzes —-===----- -rune

Slailicens & pockeis xnone
Total —---=-- 3092.0 fi.
Pounds of dynamite used in stoping, --46100
Pounds of dynamite used in developement - 18400
Tolal --====--mm—m———vw 84500

Timber used in stoping.

Sawed lumber ----—==-memcec—e- 108497 board Ti.
Round poles —--———-——-- - - ———— 3354 1iiner L.

Timber uteget in tevelopement.,
Sawad lumber -—-—--=m-----—e-- - 82459 board ft.
Round poles =--==m—c—meea-——= 271 iinear ft.

Number of canGlies used per man psr sulft of 8 Lrs. - 4.

L
25



Eleciric lights are used in main drifts and stationses

Machine drill shifts in stoping ---------- 1241.
" " " " developement ----- 773,
Pounas of maciine urill uselG --~---- no recori keple



METHOD OF SAMPLING.

———

All drifts are sampled in locks of ten feet, one
sample being taken on each side of the drift. A
groove about S/Q?Ideep and two to four ineches wide is
cut along the side of tlie Grift anG parailel Lo the 0P,
care baling taken not Lo cut tnroizh aay strezk of un-
rezsonadble richness such as are occasionally -found in
small fault planes etc.

The sample taken weighs about five pounds. It is
carsfully labeled with the number and location of the
drift, anG a record Xkept by ihs2 sampler. The ore is
assayed for coppesr and iron by the min: asssy:e snd a
check sample sent to the mill assayer. e results
are placed on assay maps of each level which are scaled
off 1o correspcna wilh {ke leocation fiom whicl, Lle sau-
pie wasctoken,

All ire exirvacied ore i3 sauplec Ly means of 2
Sran wmeshod, 2 handful being taken out from each mine
car as it is dumped from the ore bin.

The table following slovs meilhod by wiich ihe av-

erage assay 1s obtained.

27



ORE BIN SAMPLE - July, 1213.

—

Date No. Cars Percent Cu. Percent x No. Cars.
1 134 2.00 268
2 210 1.5 409
3 lSO < .00 280
4 — _-_‘ ———
5] isl 2,00 362

<36 1.75 413
7 228 1.80 410
8 2R 1.85 366
© 230 1.60 368
10 £28 < .00 458
11 168 1.56 R4E
1< 110 1,58 245
13 101 130 131
14 180 1.30 <08
15 145 1.656 238
18 856 1.40 133
17 103 1.55 160
18 87 1408 21
19 145 1.45 210
<0 , 185 1.30 214
21 185 1.85 R

3234 5462

28



Date No. Cars Percent Cu. Percent x No. Cars.

3e54 5462
22 145 1.20 174
23 150 1.31 196
24 144 1.40 201
25 180 1.53 245
26 150 2 .00 300
27 135 1.49 201
28 170 1.26 | 214
29 190 1.44 274
50 205 1.44 195
51 225 1.26 283
49508 745

745 _
55— = 157

Therefore, 1.57 = average assay for the monthe

<9
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Andesite - Page 8

Average assay ~
Backhole -

Bingham Canyon -
Blast,general -
Boston Consolidated -
Carboniferous =
Carr Forks =

Caving sysbem =
Chute frames -

Cost -

Crosscuts =

Electric lights =
Hogbacks

Jordan tunnel =~
Leyner drills =
Labor =~

Locomotives, elec. -
Manways -

Minerals -

14

3

14, 19

24
12,17

14

7

Oxidized capping - 12

Monzonite = 8,20
Ore - 14
Oquirrh Mts e- 5
Pillars - 13

Placer gold = 8, 8

Porphyry - 5

Powder - 24
Raise = 8
Sinkhole -~ 13
Sharpeners = 19
Stope ~ 14

Stopers,Ingersoll 21
Sullivan Holcst - 18

Sullivan pistons - 21

Surplus ore - 156
Tramming - 22, =4
Tub cars =- 16
Utah Copper - 10

Waugh stopers = 19
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