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INTRODUCTION. 

LOCA.TTON AND EXTENT OF THE COAL 'FIELDS. 

Pierce County is situated i11 the western part of \i\Tushing­
ton on the west slope of the Cascade Mountains, extending from 
the summit line, longitude Hll O 20' West, to the sl1ores of Puget 

ound, longitude 1~2° 4:5' WesL On the north the bound1Lry 
mainly follows the White River from its hea<lwaters near 
Natchez P u;;s; on the south the Nisqually River mark the 
grcat<'r extent of the boundal'y. The north-south extent is 
cmbrnC"ed between parallels 46c +5' irnd 47° ~O'. 'l'atoma, ou 
the shore of ..,.\dmi1·alty Lilet, is its large t city and county se1tt. 

'l'he coal fields occupy a relatively small portion of the 
areal extent of the county. They c..,-tend in u north-south belt 
on either s ide of meridian U2° , including Townships 15 to 19 

orth and R 1mges 6 and 7 East, \Villamette l\Ieridinn, em­
bracing perLaps 100 square miles u1 area. [Pi.ATE I.] The 
productive portion of this belt, the drainage 1trea of Carbon 
River tLnd its tributaries, South Prairie Creek, Gnle Creek and 
Ernns C1·eck, occupies 25 quare miles in the northern hnlf of 
the field. This northern portion has long been known as the 
Wilkeson-Carbonado fieJd m1cl tl1e nnme wiJl be retained in the 
present bulletin, the term including the mines at l\Iclmont and 
}'airfax. The southern portions of the Pierce County coal 
area l1ave been variously designated as the Puyallup, Narrow 
Gauge, Busy Brook, nnd Ashfo1·d fields. In thii,; bulletin it 
will be tol lectively known. as the Puyallup-Ashford fiel<l. It is 
probnhly true that tlie no1·th 1rnd south fields 1ue contmuous 
a.cross tl1e concealed arCl\s tt·ibutary to the Puyallup River, but 
the separation into the two fielrls is macle because of present 
economic condition .. 

'l'he 11orthern fi eld is rea<"hed from Seattle or r.racoma by 
the Northern Pncific Railway, Dnckley Brn.nch, from PuynJJup. 
[PLATe II.] This wns formerly the main line of the rnilwuy 
across the Cascades. From South Prairie a branch road ex-
tends to each of the mining town of Spikcton, Burnett, 'Wilke-
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son, Carbonado, i'\Ielmont and F air fax . A branch line from 

Crocker extends up the Carbon H.i,•cr to Wingate, the sl1ipping 
point for the Carbonado mines. Fuirfax is 5i miles from Se­
attle and S8 miles from Tacoma. The southern field has no 
transportation facilities at p 1·cseut except at Ashford. Ash­
ford is the southern term inus of the T acoma Eustem R ailroad 

wbich i:; a branch of the Chicago, Milwaukee and Puget Sound 

nmin line running out of T acoma, tapping a \'ttluable t imber 
country, and forming an entranceway to the )fount R a inier 

Kational PMk. 

PURPOSE OF INVESTlGA.TlOK 

The pnrpose of tllis investigation is to record the location 

and extent of the coal-bearing formation, the structure of the 

field, the corrcJation of the scams. the methods of mining and 
preparation of the coal, and the m,tnufacturc of coke. The 

most important part of the present study is the analysis of 

the northern field fo r the purpose of determining the extent and 
strnctn re, beyond tl1e limits of the p re. cnt workings, of the 
scnms now Lcing worked. Io this wny it is hoped to th row 

some Jjght on the complex structure of t ]ijs important field and 

g ive sll<:11 datn. to the operators 1\s will enable them to plai1 
more intell igmtly the future development of the dist rict. 

CHARACTER AND J\IETHODS OF WORK. 

T he sun·eys made by the Northern Pacific R ailway engi­

neers in loc1tting thci r line across the C1iscades and from P ort­

land to T ac·oma took into account the presence of coal in Pierce 

Count3°. The earliest cfabt, therefore, was that obtained by 
engineer!> sent out hy the railway be.fore 1870. 

After thi:; came the Northern IJ.'ranscontinental Survey, 
made by the U. S. Geological Smvcy in 1881-1884. Careful 

attention was giYen to the geological relationships of the coal 
fields of VVashington and the summary of the resulL of this 

survey were reported in the T enth Census of the United States, 

1880, Vol. XV, 1886, pp. 759-771, in a paper entitled " R eport 
on the Coal Fields of vVashi11gton T erritory," by Dailey w ·iltis. 
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This was t he first of a series of contributions by this geologi;;t, 
who c work, done under the limitations of time and scant data, 
has been the basis of the economic developn:1ent of several of 
Wa hington's coal areas. Fuither work by Dailey Willis in 
1896 led to the publication of "Some Coal Fields of Puget 
Sound (W ash.)" in the Eighteenth Annual R eport, U. . Geo­
logical Survey, Pt. 111, 1897, pp. 393-436. TLis report con­

tained two plates dealing particularly with the topography, 
mine working , and structure of the Wi1ke on-Carbonado field. 
FoUowing this there was published the Tacoma Folio (No. 5-i<), 
Geological Atlas of the United State , U. S. G(!o]ogical Survey, 
1899, i11 which all the known facts of the Wilke on-CHrbonado 
field were brought down to that date. In an article on "The 
Coal Fields of the Pacific Coast," in the Twenty-second An­
nua l Hcport, U. S. Geological Survey, P a rt III, 1901, pp. 473-
513, George Otis Smith gives a review of the structure of this 
fi eld and considerable da ta 011 the economic development. 
Finally in 1909-1910, E. Eggleston Smith, of the U. S. Geo­
logical Sut'vey, examined and sampled the coals of the entire 
state in co-opera:ti,,e work carried 011 ,vith the Geological Sur­
vey of W ashington. The results of the sampling and analy. cs 
a rc published :in "Coal of the State of W a. hingtoo," by 
E. Eggleston Smith, Bulletin U. S. Geological Survey, No. 
474, 1911, pp. 167-193. Thi!; material has been freely used 
in compiling the present bulletin. 

Summary reports dealing with the Pierce County coal area 
were published in the Annual R eports of the vVas bington Geo­
logi cal Survey for 1901 and 190~. In 1910 work was com­
menced on a base map of Pierce County and in l 911 a urvey 
was begm, under the direction of George W. Enrn . Sections 
along Carbon River, Evans Creek, on the Narrow Gauge 11nd 
on the Busy Brook were measured, but this material was never 
satisfact orily worked up. Changes in the persounel of tl1e n.s­
si ting force and the resignation of Mr. Evans from the Survey 
hinder ed and delayed the work and resulted in a heterogeneous 
mass of data being bequeathed to the writer of the present re-
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port. The field . eason of 1913 was spent by the writer in Lhe 
Wilkeson-Carbonado arcn, studying mainly the undcrgrolLUd re­
lation hips and structure of the field as clcvelopl'd in the mine 
l\'Orkings, measuring rock tunnels and emtl sections. investigat­
ing the 111cthoc.ls of mining and preparing the coal for market, 
and the coking industry. All of the operating mines of the 
northern half of the field were examined, but no attempt was 
made to visit any of the prospects or nrCRs in the Pnyallup­
.Ashfoyd m·ea. 

The difficulties in tying together and reconciling the frag­
menhtry dab of the earlier surve)'S with his own "·ork lmvc 
been 111any, and the writer makes tLis sti~ternent iu order to 
explain A.TI)' discrepancies or errors which may be found in this 
bulletin. The mining companies and officials have been uni­
formly courteous in willingly furnishing available data for the 
use of the Survey in compiling this report. Acknowledgment 
is l1erc gra.cious1y recorded to all who hn.Ye assi te<l the writer 
in his work. 

One fact tands out very prominently, vi:1..: the large 
amount of data which is forever lost to the mining compn1ues 
and to investigators by the failure and apparent lack of ap­
preciation of Ya.Jue on the part of the opera.ting officials of the 
structural fads involved iu changes in the thickness and char­
acter of the coal beds, the rolls, . lips and fault , etc. These 
arc but. passing problems and are quickly forgotten but they 
are oHcn of great value u1 lhe solution of new m,d future proh­
lem,.. arising in the working of so cornp1icatc•cl a field as the 
Pierce: County area. 'With only mengre data available from the 
surface geology, futuxc problems can only be solved by a k11owl­
edge of the underground structure cb·elopcd in old workings. 
Such datii shoulcl be 1.tecu nitcly rccordccl on the maps at the 
time t11e fncts develop ancl before the places 1tre worked out nnd 
closed 01· timbered 1rnd nothi1tg but a ha:t.y memory or l"ccollec­
tion remains. Thowm11ds of dollnrs can be saved to the C'Om­

pnnici- if they will reco rd these facts in time. 
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CI-lAPTEll I. 

'URFACE. FEATURES. 

TOPOGRAPHY. 

, ·-,-

Elcrntion in Piel'cc County range from l-.I<,..J,08 feet, the 

height of ~fount R ainie1·. which occupies the southeast ern por­

tion of the county, to . ea level on the l10l'CS o f P uget ound. 
:\Ioun t R aiuier stands out as au isolatctl peak west of the main 

nu1ge of the Cascades. The crci; t of the range, at a n avel'u.ge 
elcvnti t1 n of 6,000 feet, forms the boundttl',Y line between Pierce 

and Ynkima <·otmtics. On the no rth 1\1td we. t i;idcs of )fount 
R ninicr the foothills cxtencl to the gravel tcl'l'ttcc:a. which, on the 

west, make up the platenu hordcri11g the Puyallup R iver. anti 
extend on the north to the grnvcl covered h ills a.long the 'White 

R iver. On the west, north of the Ni qmlll)' River , the country 
i · 111ud1 mol'c ruggccl and mountninott,s directly ndj oining the 

slopes of :\lount H ninier , but this topogr1tphy gi"4:!S waJ to the 

outhward extending grnvcl plateans noted above. These foot­
hills, in pluces sbowiug ig11cou.s outcrops, mark the muge ot 

elevations between 6,000 feet an<l 2,500 or 3,000 fct't. At t hr 
lower elcnltion occasional outcrops of the coal bearing forma­

tion arc found, buL i11 the m,'l.in e,·el'ything is <·onccalecl under 

the Pleistocene grnvcls whiC'h for111 the hills a nd terrnces down 
to the plateau level which licr e is nbout 500 feet. 1'hus within 

the lim it of the cont area,; we 111ny distinguish thl'ec topographic 
feature,-; lirst, the igncou,:; foothills of Mount U ainier at dcrn­

tions of ~.500 to 6,000 fee t: seconll, the hills nnd t errace,, of 
clrift nuder whid1 the coal 111easures lie, with elevations ranging 

from Q,500 to 500 feet: thircl, the gl'avel plu.tenu which tnl\ke 
up the prairies. 

'l'l1t' highest elevntion 1'\.t which cirift ha. been found is about 

1,700 feet, mid its depth OYCr bed rock ntries from a few ft.ct 
to three or four hundred feet. Timber nnd Air-cl1utcs from tlte 

upper li1nits of mine workings to the s urface reveal these rang­
ing depths of cover. T his ··g,:cat' mantle or accu111ulatio11 of 
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drift, together with the heavy forest growth characteristic of 
the Puget Sound countTy, have well nigh hidden the underlying 
roC"ks, and only l1Crc and there on the <Teek a11cl 1·iver nre sec­
tions cx:rosed which cau be nsed i11 working out the structure. 
:\Iost of the con-elation of scams and determi111ition of tructure 
have been m11de possible by data gathered from mine workings. 

Tbe prci;cn t surface topography, therefore, is not the topog­
raphy of the rock su rface of the coal measures. Below· the 
maximum elevation of drift, 1,700 feet, there is n. marked dif­
ference between the . urfoce and the pre-glaciill topography. 
The pre-glacial su rfacc has not been determined. Where,•er 
mine chtunbcrs, air 01· tiniher chute , shaft or other opening. 
hnve been driven from <"Oal to surface some data can be obtained. 
Griwel channels in the ,·oal at Burnett, Gale C'ret!k, and ·wilke­
soo u1dicate erosion of the ,;cams by pre-glacial or glacial 

streams. AJl of this information could be made vahmblc in an 
investigation of tl,is sort, but such study bus not been at­
tempted for this bulletin . There is little doubt that the fold­
ing of the coal measures and erosion took place before the drift 
was deposited. The evidence along this line will be presented 
later. 

DRAtNAGE. 

The Wilke on-Carbonado fi eld is drained by South Prairie 
Crcc.k, Gale Creek, Evnns CL"CCik 1tnd the Cnrbon R iver. South 
Prairie Creek and Gnle Creek l'i Se on the north . lope of Carbon 
Ridge and Aow northwe;;terly, joining at outh Pritil'ie and 
then fl.owing southwesterly to the Carbon River at Crocker. 
Evans Creek rises in the lower hills of l\Iount R>tinicr not far 
from prny P ark and flows 11ortl1erly, joining the Carbon 
River just above Fairfax. r.rhc Curbo11 lliver has its source 
in the Carbon Glacier on the 1101-th slope of l\fount R ainier. 
[Pr,A1·:i;: III.] It flows northerly and westerly and finally joins 
the Puyallup Ri,•er as a tribubn·y. Voigt's Creek, a tributary 
of the Carbon, flows over igneous outcrops west of the main 
part of this coal field. 

The soutl1era field lies between the P uyallup River near its 
headwaters nnd the Nisqually River. The principal tributnry 
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of the Puyallup i N eisson Cn!ek. I n the Yicinity of A hford, 

a few creek flow outh to the Ni.squally, but the main drainage 

of tl1esc southern nrcas is the 1'lashe11 R ivel' and its numerous 

tributarie , alJ of which flow in a g eneral we terly direction to 

join the main s tream which 6nally flows into the Ni qualJy. 

Both the Puyallup m1d tJ,e Nisqually head in the . unila1·ly 
named glacier on the west and outh sides of the peak of i\fount 

Rainier. [PLATE IY.] 
All of these rivers exhibit similar pha cs of valle.Y clcvelop­

ment. In their upper rcachc. they flow in wide valleys ju. t 
below the glacier from which they i sue. } ' rom the c wide 
vaJleys they plunge into narrow rock-walled canyon expo ing 

deep section of the . cdimentarie a11d Yolcnnic · of the di trict 
[PLATI~ XII], and finally tltey <'Ome out on the lower plateau 

levels in very wide valley s between the hills of drift mat~·ia l. 
In the upper va lley s the 1·ivcr fiUing is mu.de up of hirge rock 

masses, more or less shing le-like in characteT: in t he 1owcl' 
valleys the materinl is . mailer , more rounded, a nd contiiin 

much s ilt. A t Spiketon the depth of gravel over t he rock 

bed is ~00 feet. 

'l'he Carbon River canyon which extends from below :i.\Icl­
mon t t o Winga te, n dis tance of three miles, typically show the 

second pl1ase of development. [PLAT V. Y a11d PL,\T£ \'J.] The 

ctrnyon at Lite point shown in the photogl'aphs is !00 feet deep 
and from 50 t o 80 feet wide, cutt ing first a section through 

the g nv, cl te n-aces, whi ch here are at an eleyation of 1,200 feet, 
and then throug h the sedimenta ries, expos ing many of the 

seams being worked by the Carbon !Jill Coa l Company. 

The e surface feature , topog raphy and drainage, have in 
a marked degree affected the development of the field. The 

t hick cover of gra vel, the hea")' growth of timber and under­
brush , and the scarcity of out<'rops would have made prosp ect­

ing pradi cally impossible were it not for the channel cut by 
the t renms. L ong before auy detailed tecl111ical s tudies l1li<l 
been mnde, prosp ect drifts were chiven i11to the coal beds e.'s:­

p o cd along the ('l'eek , and subsequent hillside t lUrnelling and 
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drifting exposed the outcrop ulong higl1er elevations. T he 

continuity and con elation of isolated openings could not be 
made until columnar sections were macle. Fortunately, South 

P rairie Creek gave a fairly continuous series of the upper 

bed ; Gale Ct'eek and it tl'ibutnrie. and Carbon Ri,,cr gaYe 

section· of the lower measures nnd it wu po ible to construct 

a geological column. 
The railway to the Wilkeson mine;; followed the Puyallup 

Ri,,er valley to South Prairie and thence up Gale Creek to 
Wilke on. rrhe Spikcton branch ~ms built up South Prairie 
Creek from its junction with Gale Creek, and the South Willi. 

branch wa. built from Wilkeson along mi old creek bed. The 
problem of extending the ·w ilkeson branch to Carbonado was 
not so simple, as there is a s teady climb from the leYel of Gille 
C'l'eck to the level of the grnvel tel'race on which the town of 
Carbonado is 'buil t. T he principal mines, however, arc on the 
river, and to facilitate shipping a branch line was bu ilt from 
Crocker fo11owing the Carbon R iver to " Tingate. [Pr.ATE \' II.] 
T hi1; line handles coal only. The ext ensiort of the railrond to 
F airfax involved more climbing on the higher g l'avel terraces 
above the bed of the Carbon R iver. T he road pal'alleli; the 
river, always above it at considerable elevation un t i! Fnirfox 
is reached, where the river is crossed j 11st above high water 
mark. The mines on Evans Creek nre about three-fourths of a 
mile from the F ai rfax branch ancl 500 feet higher. 

In the southl'rn field the only tntn portation availab le is 
the 'racoma and Eastern bninch from T acoma to A hford. 
P ractica11y the whofo of the l\fashcll di tl'ict i wi thout easy 
mean of transpo rtation, a nd this factor alone, were there no 
others, would tic up the dcvclop men t of these a reas. 

All of the e facts have had a gret~t hitre in the dcvelopmen t 
,if the present working fi eld. 'Wi th equal advantages as far as 
mine transportation imd drninage and 0t1tside shipping faci li­
ties it can be seen that only those mines working on better 
g rades of coal or more easily worked scams could secure tl1c 
market and work at a profit. So it is that we 6nd tJ1e most 
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e.,ten ·i ve development on the Burnett-Wilkeson-Carbonado 
series, and only in recent years have developments begun on the 

cries below and above the one noted. The problem of ufficicnt 
water for coal wa hing has never been acute with the Pierce 
County operators, although in ummcr economy is neccs ary in 
its use. Two pl'Opcrties, :Montezuma 1:rnd Cal'bonado, have 

made u e of available ,rntcr power for running washing plants. 



CHAPTER II . 

S'l'RATIGRAPHY. 

GENEJRA.L STATEMENT. 

T he scd iruentat·y rocks which make up the coal-bearing 

series of tlie Pierce County field arc sandstones, shales, and the 
intermediate phA.ses of trnn itional sandy shales o r shaly and­

s tones of E ocene age. No conglomerates have been found with­

in the areas under examination. 'r he sa11dstones arc of va t'iable 

composition ancl texture, in some cases mussiYe and coarse 
grained, in others banrlcd 01· lnminnted and fine grained. In 
color the.v vary from white to buff and grey. W ith var.ving 

proportions of argilluceous matter they pasi; into the , haly 

sandstone or to the otl1cr extreme, sandy shales. Within any 
one heel all of these grnclations may appear, I.mt the common 
ru.Jc is to find tl1e top or bottom of the bed lightly argillaceous, 

passing from this into the well-defined sand tone, either massive 

or laminated. F requently mi caceous and cnrbonl\ceon phases 
arc found, and in many cases small . tringers of bright clean 
conl cnn be found within ·,mdsto11e walls. Sometimes the·e 
stringer become very large, large c11ougb to be noted as 

seam, and very frequently the term "bogu seam" is npplied 
to these. as the.v ,u c usually not pers istent or workable. [Pr.ATP. 

VUI A. l The snnd:;tonc beds iue U$ually the l1cst means of 

correlating the seric from one part of n. mine to another. Over 

larger distances there is no a surance that the bed will retain 
uniform characteristic . This i also tl'Ue of the shnlcs and 
the coal· . 

'T'ER'T'lARY SYSTEl?.T. 

T he Wilkeson sandstone, noted b.Y Railc.,1 ·w illis. lrn.s been 

used to locn.lly separate and define the t1ppcr and lcH\'Cl' por­
tions of t]1e produc·tive series. T he '\\Tilkeson irnndsto11c is well 

exposed along , outh Prniric Creek ncitr the milroad bridge 

cast of Burnett : along Gale Creek and the niilroad branch from 
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The Coal Field., of Pierce Cownty 

W ilkeson to South VV illis: and along the Carbon R iver helo1v 
the bunkers al:. C'arhonado. Although the Wilkeson and,-- tonc 
forms an importun t key-rock, the divisions based upon its out­

crops arc more or less arbih·ary and cannot be followed where 

there arc no expo urcs on which to further extend the divisions. 
However, it is true that a wide belt, represented by these beds 
of andstone, will not h,we uny niluc as ro1.1I bearing land. Lo­

cally at Wilkeson the s,mdstonc is quiuricd for building, founda­
tion, and corn,l:.ruction purposes. [ P 1,,\TE L~.] 'l.'h(? new 

schoolhouse at Wilkeson is built of this ,-tone, nud at 'rncomu 

the stone has been emplo.red in 111any of the newer buildings. 
1 1he shales of the Puget formation 1ue 11 ually grey to blu­

i:.h grc~·, bedded and mnssive, having ronchoidnl fmclure in 
some cnses, and generally soft. Addition of s1rndy matt.er 

hardens the shale and makes it lighter in color. Near !>Onie of 
tlie dikes of igneous rocks the shales arc baked to a hard slate. 

[PLA'l'l': X A.] Carbona('cuu<i ,,hales and bony . hales arc very 
common. The carbonaceous shales arc black anrl soft, and arc 

usually foliated. They nre frequently 11ssociitted with the eams 

of coal 1-1;; distinct parts of the total bed. The bony shales nre 
brown to black i11 colo1·, sometimes l1arrl, and arc made up of 

grey shale:. carl'ying thin baml,; of coa l or bony coul. 

'l'hl' inh:1·mNliatc 01· tru11 . itional rot'ks, the sanely shale,; and 
sl-i.Ll,r sandstones represent phases of the sund,;tonc,; ,md hulcs 
nlreacl_y described. They nmge in tolor, texture, nnd hanlness 

between the lwo and the hNls ;,hncle imperceptibly into each 
other. A sandstone bed or 1t ;;hole bed Rt any point 111ay be 

represented tit ,rny other point by n transitionRl bed . 
Coal bcrls or scams vary jn thickness, extent, and character 

throughou t the enti re field. Ju the "llcport on the Coul }' iclcls 

of , Ynshington 'l'erritory,"* " 'illis reports ' ·12'1 t·iuhooaccous 
heds in H1c ,,1ilkcson ~ertio n, of which 1 i' are workable coal 
veins :3 to 15 feet thick.'' AU of these coals arc bituminous of 

different grades. The thickness and. trudurc of the indi,, iJual 

SMm,; range frcm mine to mine. T_rpicnl sections of scams arc 

•T,•111 h c~nsus or the l'nu,,,1 Rtateq, 1ssn, \ 'olunw XY. 
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7'he Coal Fields of Pierce County 

given III thi report, and they will be further discus ed in de­

tail. Two forms of coal may be suirl to he pl'esent, v-iz. : pure 

coal and bony coal. The pu1·e coal is usually bright and lus­

b·ow,, oft and clean. T he bony coal is dull and hard and con­

tn.ins a high percentage of 1tslt. It is this bony coal in the beds 

which gives tl1e relatively high asl1 percentage to ull o f the 
scams mined in the field. 

The name P uget formation was earl.v given to the coal­

bearing me1tsme,; of western WRshington by C. A. White.• Its 

age is Eocene, ns arc the other coal-bearing strnta of nor th­

western , vas11ington. The thickness of strata measured along 

outh Pra irie Creek by Bailey WilJis totaled o"·er 8,~71 feet. 
Further measurements rnnde i11 rock tunnels at B11r11ett and 
on the eastern edge or the fi eld indicate a total of 9,~00 feet 
fo1· the South Pra irie section. The Carbon River section. likc­

wii;c measured by ·willis, hi1s been in creilsed from 4,953 to 

5,600 feet by mine development. Although no section wa,; 
measured i1long the outh 11\Tillis branch evidence points to the 

fact tJ,n.t the totul tJ1ickness of trata along this line and cut­
ting across the cast and Routh workings of the 'Wilkeson mines 

totiils o,,cr 10,000 feet aboYc the ma in antidinal axis. The 
thickn ess of the Puget group rcpn'sen ~cd i11 Pierce Cow1ty is 

undoubtc<lly much grcate1· t han this amount. The m,,in anti­

clinul fold, which charncterizcs the strnctu re, plunges to tl1c 
north, thus bringing up the lower members in the southern part 

of the field from llkln1ont to Evans Creek. No accurate meas­

urements of this thickness have been made south of the Ca rbon 
R iver section, but it is reRsonably afc to sn.y tl1at the tot!ll 

thickJ1ess will be found to be i;everal thousnnd feet in exec. s 
of 10,000, possibly 15,000 feet us 1t total.t 

JCNEOL'5 ROCKS. 

Associated with the members of the P uget group within the 

borders of the co1tl field are the T c1·tiary volcani<' rocks which 
make up the foothills of the Cascades on the eastern boundary, 

•Bull. U. S. Geol. Surv,;y, No. :n. 1880, pp. 40-6:-J. 
t W. 1.-. Jone~. Bull. Gcologlcnl Society of ., mer ten, ,·01. :?:j. ~o. 1, 11p. 121.122. 
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and which also define the western limit of the field south of the 

Carb011 R iver to the Nisqually, as shown in PLA'l'E I. The coal 
ficld is seen to occup,v a r elutiYely 1l!nrow belt trcnding north 

and south between these linger boclics of eruptives. Thc-;c 
Javas are anclesitcs and in the area under discussion appear to 
be r ehited to the p)'l'oxene-nndesitc of 1\fount Rttinicr.* With­

in the 111uT01v- belt of sedimcnhU'ic • smaller igneous masses 1ue 

encountered, a:; flow. and dike,;. These ha\'C been developed in 

the underground workings at South Willis, "W ilkeson, Ca r­

honndo, I\lelmont, and FA.irfax, with the greater preponderance 

of disturbance in the southern mine . The presence of these 
dike and flows hn..-; h,td a mnrked effect in nltering the char­
adcr as well as the structure of the coal beds. AlJ the e,,i­
dcncc points to tl1e conclusion that the greater masses of hwn 

and the smaller intrusions ure h\ter thun the deposition and 
foldi11g of the Eocene scclimentaries. 

QUATERNARY SYSTEM. 

T'Ll::ISTOCE:>11~ 0 1:lAVEl.$. 

Covering both the s~·,limentaries iu,cl the igneous rocks arc 
the glucial gravel deposits of P leistocene llgc, which buried the 
earlier rock !'it1rfoces srncl formed the t errnccs which charnclerize 

tlie present lower topography. 

Present clay deposit. 1ire t·cprc ·cnted by grnvel and si l t 

from the g lacier s of l\Iount R ainier [ I'LA'r"Es Ill B, X B J and 

l,y the nrnterial der ived from the bnnks of older gravels which 
u1·c being carried down the r iver and deposited whcreYer carry­

ing c·apac·ity is checked or lowered. To this burden of natural 

material man is contributing the refuse of the coal wa$h ing 
plants. 

•Hock~ ot ~louni nnini<'r. 1 th ,\nnun l R1•11ort, l'. S. Geoloi:il:ol Run·~~·. 
Purr n , J Hi. pp. ,!IC- 12::. 
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CHAPTER lll. 

GEOLOGIC TRUC'TURE. 

GENERAL STATEl\fEKT. 

The structlll'e of the Wilkcson-Carbonatlo field wiU he 
hcst unrl.crstood by 11n examination of P LAn: X I . In P LATE 

1 is represented the working at the diffc1·cnt mines in 
the distriet. The course of the entries is indicated by the heavy 

hlnck line~ and the dips by arrows. The gcnend course of the 
en tries, except tho. e of tlie mines on the cast and nort Ii side of 

I he Carbon Hivcr at Carbon, is wc;;t of north. At Spikcton And 
South Willis the dip 1trc 60' to 65° to the ca .. t. At Burnett, 

cast side, lhe dips a r c east, but in the wcl\tern pnrt of sections 

lG nnd i l they are to the west. The Gale Creek workings in 

section ~8 arc aH on tlie we~t dip: t he '"'ilkeson mines, scdions 
~7, $-4, and S a r e on both tlte cast and west dips, the cast dips 
,·arying frorn ,50 ° to 60° nnd the ,Yest dips running up to 

85° . I n section 3, T o1rnship 18 Korth, the cntric~ on the we t 
clip swing around tO\nud the west in u series of sy nrlinrs and 

anticlines 1, hicl1 represent the n1}rtli i-iclc workings at C.\u·Lon­
aclo. T he south side ,vorking,; at Carbonado haYC n uniform 
dip tu the west, averaging about 4,5 ° . At ~Jclmont the course 

of the entries is . lightly west of north, 1vith dips both ca:;t nnd 
west. The Fairfo,x, Section ~6 mine, shows simi lar conditions 

and so <loe· lhc new mine in section 34. The Mon tc:wmtt mine 

on E vans Creek, section ~. T ownship 1 'i :North follows the sllmc 
trend, but ~t11 the 11·orkings are on the west clip. Pun: XI, 
w·it.h a sci1 le of 1,000 feet to one inch, shows the entries of the 

northern mines much more elearl)' . 

From the. c isolated 1rorkings and from the sections obtain­
able along outh Prairie Creek and Carbon R iver it is possible 

to correlate tlie coal beds aJl(l determine the general ,;trudure 

of tbe field from B urr1<:-tt to Carbonado. South of ( \u·bona<io 
insufficient work has been done to corrclntc the beds with each 

other or with the series north of Cllrbonatlo, hence the discus-
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sion wh ich follows will refer 011 lJ to the neM north of Ci1r­

bonado. 
The general strnctUl'e is a broad a ·ymmetrical al'lticlinc hav­

ing u dip of 60° on the east limb and a steeper djp on the west 

Ji111b. This anticl ine has a plunge to the north of about 10° , 

cau ing the mine entrie on the cast and we t dips to wjng 

toward each othel' on the nortl1 and to separate toward the 

south. The cast limb of the anticline appear to be quite regu­
lar in structure, Lut tl,c west limb is folded iu to It , erics of 
minor anticlines nnd yuclines which mich their maximum de­
velopment in the Carbonado mine . At llurnett the structure 

is a implc anticlinal fold · at Wilkeson along an en t-we. t ]jne 
through tl1c center of sections ~8 and ~7 the west limb shows 
a smnll synclinal and an anticl ina l fokl with two dis tinct axes 

we t of the main itxis; at Car bonado along the north lines of 
sections 5, 4, S and !2, four anticlinal and three synclinal axes 
arc r ecogn ized on the mnin west dip of the major fold. The 
transition from the main fold at Burnett to the sharper folds 

at Carbonndo is made through the long gentle fold in section 
28. The east limb of the major anticline shows evidence of 

secondary folding in the ca t p art of section 8 and 111 section 2. 

1\ sxndinal iLxis and an a nticlinnJ nxis having a northeas terly 
strike arc recognized in section 2 with stccpel' dips thun in the 
north . Thi eastern limb hlls not been explored 11s thoroughly 
as the wcstcm, but it appears to be far 111ore regular ann less 

folded thttn the we tern. All of these folds exhibit the char­
acteristic north pitch. 

The 11.xi. of the main anticline extends from the west por­
tion of section 16 at Burnett southeasterly across section 21, 
over the northea t portion of section 28 and the sou th west 
corner of section 27', through S-:b and 3 "rith a g eneral trend of 

South 20° to 30° E11st, and appa rently continues acToss the 
fi eld for many miJcs. T he minor axes on the west iclc show the 

same general trend, but on the east limb the axes so far ex­
po eel how a nor theasterly strike. 
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SUBDIVISIONS OF 'PHE PUGE'r FORMATION. 

'"' ithin the Puget group, Willis made three local subdi­
,·isions, viz.: the Burnett, the Wilkeson, and the Carbonado for­

mations. The Burnett formation is represented by the upper 

beds ex1>osed along outL Prairie Creek, whiC'h include the 
scallls now worked at Spiketon and South Wi]lis and the aban­

cloncd mines known as the Acme and the Bla(·k C'arhon in sec­
tions 15 imd 22. The Wilkeson formation con, istcd mainly of 

the Wilkeson sandstones lying above the Burnett No. l scnm 
and below tl1e uppcl' . eri l's just referred to. The clivisio11 wns 

an arbitrnry one b1\sed on the eitsy recognition of the ,vilkeson 
sandstone as a kcy-rotk r1tthcr than on difference in clwrndcr­

isties. The Blli'nctt No. 1 scnm wn. made the bottom of this 

formation, and below this the pl'oductivc ,;cries represented by 
the Burnctt-\Yilkeson-Carbonado mines was tl'rml'<l the Car­

bonado formation. The thicknl' ,; of the Carbonado formation 
at (\nbunudo where it reaches its maximum is about Q/WO feet. 

At Burnett. it. is only 900 feet. The th ickness of the " ' ilkeson 
formation at Burnett. as given by Willi s, is 1.000 feet. This 
thickness, hccnuse of its a rbitrary dctcr111ina.tio11, is not impor­
tant except for the fact that it would tend to increase or de­
crease the thickness of the Burnett formation according to the 
point of division. Assuming a thickness of 1,000 feet for the 

W"ilkesou on South J> rairic C'reek, the B urnett formnfom is 

about 7,500 feet thick. \Vithin this thickness, at a point nhout 
.J.,650 feet above the DurneH ~o. l sca111, oc·c·u1· several work­

able scams whicl1 arc of conmwrc·ial i111p()rtnncc. ,ve 1111\y thus 

sunmmri:r.e this division according to Hie order of its economic 
importance into (1) the C'arbonndo fo rmation which tonsists 

of the lower ttnd most importnnt scums : (Q) the \Vilkcson for­
mation which is practically barren: and (3) the Durnctt fornrn­

tion made up of the uppermost bcdi. expo. eel i 11 the P icrec 
County nrca and hnving within it com111crcial beds of eotd of H 

quality not so high its those of the lower proclucti ,·e formation. 

'!'he ,'\Ti lkeson formation consi. t:; of a well defined structural 

unit wbicl1 can be be, t r ecognized on each flank of the 1111tin 
2 
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A. Carbon Canyon Looking Upstream From South 
IX Tunnel. 

B Ut.f,l:l'.Cn, No. 10 PLA'nl XI I 

B. Carbon Canyon Looking Down st1·eam From 
South IX Tunnel. 
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anticlinal axis of the fi eld in sections QS, 2'1 and 22, particu­

lndy in the quarries along the South Willis branch of the rail­
l'olld where the dips al'C all to the east. Although not so prom­
inent on the west dip, the formation is expo eel in section fl8 and 
in the Carbon River section below the mines. 

The Burnett formation forms the greater part of the cast 

limb of the major anticlinal fold with a unifor111 st .. i.kc and 

dip in those nol'thel'n sections of the field in whil'h it is exposed 

by outcrops or 111ine workings. On the ea t, the Burnett forma­
tion makes a s harp contact ,,ith the Yolcanics which overlie it. 

'!'he extr eme upper portion of the Burnett, cast of the mines 

at Spikcton and South "\Villis, sho11·s C\'idcnrc of metnmorphism 

due to the igneous material, lrnt no cYidcncc of cconomicu.llJ im­
po .. tant seams . Little is known about the ex tension of the Bm­

nctt fommtion on the ca t dip southward beyond section ~6. 
On the west dip the only recognizable pol'tion of the Burnett 

formation is on Carbon RiYcr 11bovc the ,Vilkcson fornhttion. 
The entire thickness is not exposed, a.nd it is probable that the 

scams equivalent to those workcrl Ill Spikcton arc eoncenled ttn ­

cler the dJ·ift deposits west of the ex po eel section. 

The Cnrbonnclo fonnn.tion, which contains the principal pro­

ducing 111ines. is the most inter esting and complicated from 1L 

structural standpoint. Practically the cntil'c t01rnngc of Pierce 

County comes from the scams in this formation, nnd this me}ll1S 

that. the greatest mine development is to be found here. Omi t­
ting, fol' the present, any consideration of the bee.ls south of 

Wilkeson 1111d Carbonado and devoting the study to the north­
em mines, a more detailed analysis will be made of the strnrturc 

of the fiel<l. 

DETAILED STRUCTURE OF FOLDS. 

The main Burnett-Wilkeson anticline dominates the field a 

the most pronounced structural axis. [PLATE XI. l East of 

this a small basin callecl the eastern VVilkcson coal basin is clc­
vcJopcd in section ~. Township 18 North. W est of the main 

imticline, the complex strncb1rc at C'nrbonado is developed. Thr 
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.A.. Carbou Canyon. A.n ticlinal Fold. 

B ou.E~r~ ~ o . 10 rLAT>: XIII 

B. Carbon Canyon. Auticlinal Fold at Axis or Central 
Carbonado Basin. 
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basins are succes -ivdy design1tted the western Wilkeson , the 
eastern Carbomtdo, the centrnl C'arhonll.do, and the we. tern 

Cl\rbonado, following the lines suggested in Bailey 'Willis' strnc­
ture map of the coa l beds gi·vc11 in the Tacoma folio. Since that 
map and rep ort were mttde, extensive mine development hns 
thrown much light on the structure of the field and this new 
mnteri td has been u ed i11 constructing the structure map. 

In constrnc ting thi i- plate all the iwnilablc da ta on s trikes 

and dips of the coal und nssociated bed:. obtainable from sur­

vey , mine maps, and rock tunnel i-ectioni; wai,; compiled nncl 
first used in making the mine map f Pr..ATI~ XI], und the cross-
cctions [Pun:s x,~ to XXI]. From i.uch data the 1tnti­

cline 1tnd synclines ~md important fault:, were platted nt the 
clc,•ation of the mine workings. On the ai-sumption tlmt the 
cams were regularly <·ontinuou in strike and clip, the inter­

sections of the anticlina) nnd synclinal axe.'l, the more importm1t 
faults, and the coal scams on a plane at sen levt•l wer e 
clrawn . Thus, the map r epresents the structur<' of the field 

its it woukl be trncccl out on a II rfa<'c sc,•ernl hu nd l'ed feet 
below the present workings. In only one or two instances are 
thC' presC'nt min e workings near sea. level. In Uie intel'prcbttion 

of this s tructure, minor foldings and faults. whiC'h arc usuall.'' 
prci;ent but which cnnnot be f orcto ld in 11.dv1tn c·c, ll rc not con­

sickred. Only the broad gcnernl stn1ctt1rC' hus been attempted. 

'J' fHl (•] .\Wl'RHN WIT.KJi:~ OX n,,sr:--. 

The <'as tern " 7ilkeson basin has been traced out by recent 
prospecting work in section fl. This work indicates a S.'' nclinal 
axis on the east side of the main Burnctt-\,7ilkcson anticline· 
with tlic characteristic north pitch but lrn.\'ing a nortlwast 

trend. The N l . t dipping "\Vi Ike. on senms appear to swing 
around t-his syncline nnd r eappear 011 the ca t dip a fter p assing 
a ro1md an an ti clinnl axis which also has It northca1>t trend. 
S0uthw1trd tlte . cums re lllllC their rcgnhtr northwest-southeast 
strike with slightly steep er dipi- to the cast. This basin , when 
opened up b_r mine development, will throw mu ch light on 'the 
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relationship between the Wilkeson-Carbonado and the under­

lying cries of eam . 

Tm: WESTER~ WH,KESON B.\. IX. 

The we tern Wilkeson coal basin is well defined in ection 
is. T he Gale Creek workings arc on a we t dip; the Hi Davis 
mine is on an ca t dip, aud the workings at Brier Hill are on 
the no e of an anticline which pitches to the north. These 

facts, together with earlier data, indjcate that the basin has a 
f!outheusterly trend across section 9l8 and is cut off by tl1e over­
thrust fault which inter ccts the Wilke on seams on the west 

dip. The extension of thi ba in beyond the fault i fom1d in 
section 3 in tl1c southeast workings of the Wilkeson mines. A 
wc.ll defined anticLina.1 axis separates the southeast From the 
southwe t workings which extend into sect ion 4, and the general 
trend of the southeast workings indicates a synclinal axis east 
of the present levels. Undoubtedly this synclinal axis and the 
shallow basin which accompanj.es it reprc ent the ovcrthrust 
portion of the western Wilkeson basin of ection 28. 'l'he a11ti­
clinc in section 28, alrendy referred to, according to this inter­
p1·etation, is the ame as that in the western half of section 8. 
Tlius it will be seen that the th ree southwest Wilkeson seams 
mined south of the great o,·erthrust fault concspo11d to the 
west dip of tbc western Wilkeson basin and not to the west dip 
of the main anticline as 1,as been l,eretofore supposed. The 
swing in the course of South 7 seam at VVilkeson and the 
changes in the direction of the le\'el of the south seams is ex­
plained b,v the fact that there is a slight archi ng ox doming in 
the anticline, causing a south pitch for a sl,ort distance south of 
the rock tunnels, but which swi11gs back to the nort]1 pitch to­
ward the center of section 8. The southeast workings will in­
tersect the synclinal axis and the gangways will then turn to 
tlie north and intersect the fault. The basin thus opened will 
probably be very sl1allow. 
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·rnE EAS'.l'ERN CARBONADO BAS():, 

If we nolV examine the Carbonado worki11gs rn detail we 

shall find that three distinct basins at·c present north of the 

ri\'er. In the 1'0Ck tunnel from North I cast to the Wilkeson 

scams in section 4 a synclinal it.xis is found Flt a point about 

500 feet west of the line between sections 3 and ~ and an anti­
clinal axis is prC'sent about 300 feet west of the North I gang­
way. rrhc syncline determine the axis of the ca tern Cus­

bonado basin, and the sw i11ging of the Wilke~on gangways to 

the outhwest indicate the appronch to the I\Xis of the basin. 

The anticline is marked by broken ground which indicates the 

position of an overthrnst fault. 

'£11 ~1 Cl~:-'l'rlAT. (' ,\UB0NA00 HAS1:,;. 

'l'hc ce11tral Carbonado basin is clen.rly shown by the work­

ings on U1c Gem, North I and North IY seams in the central 
part of section 4. There i · no question about this basin nor of 
the anticline which separates it from the west Carbonado basin. 

rrhis anticli11e is . hown in tl1e mine ,vorkings nnd it is well ex­
posed in the canyon of Carbon River above the upper bridge. 

[PLA'l'k:S XIII and XIY.] Local faulting tit the "nose" of this 
anticline on No. l North disturbs the continuity of the "ro,rk­

ings at this point but does not affect the major structuxe. 

'rlTE WF:STl'iJlll\ !',\HUO~AIJO BAS!~. 

The North I rock tunnel, beginning ,it the l'iver just north 
of the foot of the incline, shows an anticline and a faulted syn­

cline in its course toward the northeast. The north wo1·kings 
in section 5 and in section S~, 'l'ownship 19 Nortli, indicate 

the position of the anticline, and the syncl ine is shown on the 
No. VI No1·th water level m1d on the water level of ro. Vil 
North in section 4 north of the river. The syncline can be ob­

served in the river canyon. Throughout most of its length, 

howevex, the syncliulll a.xis is in an overthrust fault. This 

marks the western Carbon1tdo bnsi11. 
The transition from the main fold of the Burnett-Wilkeson 

nnticline to the Carbonado basins is made through the long 
fold, indicated in sections ~8 and 83 [PLATE X.1], on the Win-
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Carbon Canyon. Norlh Bank Above Rocky Point. 
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gate and Miller scams. rl'he exact courses of the axes of the 
Carbonado basins a11d the ('Omses of the gangways of the seam-; 
nt sea level should be interpreted 011 ly in a gcnernl way for the 
central and the eai,tel'l1 Carbonado basins as these were ron­
shuctecl from the most meagre dabi on the assumption that the 
structure of these upper seams would corresponcl to thut shown 
in the lower scam ,vorkings. Careful stud_y of mine develop­
ment as tl1e e sections are more thoroughly c.-xplored will lead 
to the exact determination of stn1cturc. 

'l'he structure of the field south of Carbon ado and "\Vilkeson 
has not been accurately detc1·rnincd and until further field work 
is done no exact statement of strncturc and CC> l'relation can be 
made. 

Below tl1e lowest rxposcd eam in the Carbon R iver seC'tion, 
South VIII, the andcsite dikr, tl1rough which the Carbon has 
cut its channel, is the on ly rock exposed until l\Ielmont is 
reached. The l\Ielmont rock tunnels sho1v tl series of sediments 
ol<ler than those of the Cal'bon ado formation bccirnse they un­
derlie these on tl north pitching or plunging series of anticlines 
and synclines. Tbcse bnsi11s conform in }L gcnel'fll way wi th the 
Carbonado basins north of the normal fault . 

outh of the l\frlmont series, a few outcrops arc pl'esent 
along the milroad brnnch to F airfax. In section 26 the old 
Fairfax mine, now ab~rndoned, gi,•es an additional series which 
A.lso hows the eharactcristi<· north plunging anticline. Two 
large normal funlts cut these workings. Still further south the 
present Fairfax mine in section 24 and the l\fontezuma mine 
in section 2 develop a numher of workable scums and throw 
some light on general structure. The Fairfax area i one of 
n1uch di turbnnce and faulting. 

Cross-sections of the l\Iclrnont rock htnnel and of the Jtair­
fox Section ~4 tunnel, together with other field data, m11ke it 
appenr that this series rcpresent.5 tin additional thicknei;s of 
ever1,1.l thousand feet ,vhich may be added to the Carbonado, or 

still better, may be called a new formation . The structure so 
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far revealed indicates that the Uclmont-Fairfax secti.on occur 
in a series of folds or basins on tl1e west side of the main ax.is 

of the major antjcline which has continued it general south­

easterly trend but which may be faulted and displaced in this 
area of greater disturbance. 

THE PUYALLUl'·ASD!i'ORD AREA. 

The areas around the Mashell river and Ashford are highly 
broken by faults and intrusions of igneou rock. ·while they 
contain coal, they are not commerciaDy minab)e, because of the 

tructural difficultie involved. In addition to thi , the coal 
shows high ash. 

Development jn these areas has taken the form of pro pect 
opertings. At Ashford a long rock tunnel was d1;ven to inter­
cept a seam which outcropped on the ridge 11orth of the tO\vn. 
The mine thus developed shipped nearly a thousand tons of 
coal but it has been closed for several years. 

The seam opened at Ashford consists of two benches, figure 
15, analyses of which are given in tl1e appendix. The coal is 
reported to be of coking quality, but has excessive ash unless 
car efully washed and prepared. The seam has a variable north­
west strike, dips 38° east, and is very much disturbed by a 
fault. Under these conditions the coal can hardly be considered 
as of present economic importance, consequently the structure 
will not be considered in this r eport. In passing, it might be 
said that iu a. general way the main structure corresponds to 
that of the areas just to the north. 

SYSTEM OF FAULTS. 

OVERTHRUST FAUL'£$. 

Intimately connected with the folding of this area is the 
series of overthrust faults which traverse the field. These fau lts 
in 01·der from the east to the west are (a) the fault extending 
from the South Willis branch in section ~7 n01·thwestward 
through the Burnett workings on the east dip; (b) the fault 
extending from the Gale Creek ruines southeastward through 
the Wilkeson workings on the west dip; (c) the fault crossing 



The Coal Fields of Pierce County 

the eastern half of section 3S and section 4 near tl1e axis of the 

central Cinbonado basin; (d) the fault ~ilong the synclinal 

axis of the westem Carbonado basu1 in the western pa rt of 

section 39l nnd tl1e eastern part of section 4. Ovcrthrnsts of 
lesser extcn tare found in the Burnett mines in the southwestern 

portion of section 16 and in the southeastern qual'tcr of sec­
tion 21. In the Wilkeson mines the north end of the south 

workings on seams l, 2 and 3 al'e in a fault, which is reported 

to be an overthrnst, but these workings were inaccessible and 
the data could not be verified. 

xomr.At F.Auvrs. 

'£he 11ormal faulting in the field followed the 0Yertl1rust 
faulting and, in general, crosses the dips of the seams. The 

grcnt normal fault at Carbonaclo, which crosses the river, has 
thrown the measures to the east, and a second normal fault, 

parnJJeliug tl1e fir t and south of it has faulted this displaced 

portion, also to the cast. Some normal faulting in the southern 
Burnett workings on both the east and west dip of the cams 

has been found, but these workings arc now inaccessible and the 
exact structure could not be determined. 

In addition to the faulting already described, small local 
fat1lts arc frequently encountered in the workings. Generally 

tl1ey arc normal faults of very small di placement 1rnd the seam 

can be readily followed by the traces of' coal left as thin leaders 
or ·stringers in the fault plane. ·This fimlting is well shown in 

the windings and turnings of the main entries and this feature 
1s cl1aractcristic of the entire field. 

DESCRJP'l'.fO'N OF l!'AULTS. 

The Bmnett fault is a hinge-fault 01· fl pivot fault, that i. 
to say, it has a point of zero clisphiccment, north of which the 

measures ha.Ye been ovcrth rust with a displaccmc11 t at the north 
end of Burnett of 1,000 feet and south of which the fault is 

normal in chanicter. The pitch or hnde is nearly ve1tic~1l to 

the cast. 'This zero point i. 11car tJ1c railroad brancl1 to S0uU1 
Willi , just south of tl1e Burnett gangway$ on the east dip of 

No. l and No. ~ eams. The normal fault l1as not been traced 
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soutl1 of this point , but it will Llmit the extent of the workings 

on the lower levels of the No. 5 Wilkeson seam if it extend 

any dista nce. _The overthrus t fault causes the No. 1 and No. ~ 
Burnett seams to r epeat themselves on the cast dip and it is 

also r esponsible for bringing No. 3 scam up to the level of t he 

workings on the second level rock tunnel. The north end ol 
thi fault cut both the cast and west dip of No. 3 seam. A 
minor overthrnst has caused part of the faulted section of 
No. 1 scam on the east dip west of the fault to be repeiited so 
that three east dips of No. 1 seam arc actuaUy present a.t this 
point. No. 1 and No. 2 Burnett on the west dip at the north 
encl of the propel'ty are similarly caused to reappear by an­
other overthrust of 800 or 900 feet displacement. 

'!'he Wilkeson overthrnst fau'lt begins at the Gnle Creek 
mines 1vi th a very small displacement which increases in magni­
tude going south until No. 7 ~ ' ilkeson, one of the underlying 
seams, is brought up to the level of the workings on the No. 1, 
~ a nd S west gangway. . At this point the displacement is from 
1,500 to fl,000 feet. The bade is slightly to the west. It will 
be noted that thi s fault has cut the axis of the western \iVilke­
sou syncline and anticline and caused them to reappear in the 
southea t and southwest workings. '!'be wol'k.ings on Wilkeson 
N orthwest 1, ~ and 3 seams are on the west dip of this basin 
and not on the faulted portions of t he west dip of the main fokl 
as has heretofore been believed. This fault has not been t raced 
nort h of the Gale Creek mi11es, but if it ext ends to the nort h, 
which is problematical, it will probably be found to be of the 
hinge-ty pe. The gangway on South 7 apexes south of the 
fault . This indicates a south pitch of the anticlinal axis and 
a consequent dome between this point and the north pitch. Such 
min or dome was present but the fault has passed t11rough it 
and traces of it are lost except at this point. The antic1inal 
fold of the western Wilkeson basin south of t11e fault shows a 
narrowing and a widening indicating the basin between the 
son th pitch just described and the regular north pitch which is 
l'eappcaring in section 3. 
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The central Carbonado fault was encountered i1.1 the water 
level of 01·th I seam and j11 tlie rock tunnel we t from this cum 

to the "Vilkcson workings and cuts the axis of the anticJjue be­
tween the eastern and central basins. The hade is to the west 
a nd the displacement along section GG' (l'lr,,11·.e X1 J is esti­
mated to be 1,000 feet. The displacement is probnbJy less at the 
northern end of the fault. 

'l'he western Cttrbonado fault is encountered in practically 
all of the workings or the western basin and follows closely the 
line of the synclii111l axis of this basin. Its hadc, as in aJl of 
these faults, is west. It would appear that the displacement 
i least at the south end of the fault as the syncline appears to 
be quite regular here, nnd tbc 1111txi111u1u ut the north end 1s 

itbout 400 to 500 feet. 

The g1·eat normal fauJt at Cnrbonndo hows a mitximum 
horizontal displacement of l,~00 to 1,800 feet; tbe fault para.1-
lcling this has a maximum horizontiil disph\cement of 300 feet. 
The displacements a re least 11.t the cast c.nd of these faults, in­
dicating their hinge or pivot character. The normal fault 
separating the Burnett from the Gale Creek workings has a 
displacement of only ~50 feet. The other normal fau1ts ue of 
reluti·velJ small displacement. 

CORRELATION OF SEAMS. 

CAHBONAUO (,'ORMA'J'JOX 

The complex folding and faulting, the marked ,·ariation in 
rock interval between seams, the differences in the character of 
tile stratu nnd the scams themselves, us well 11s the luct th:it the 
mine workings are largely isolated fron.1 each other have made 
clifficult tbc exact correlation of the seams in the Carbonado 
formation. Some identifications nre readily made; other are 
inore difficult, and not until more clnta is obtained can the entire 
corrclation said to be final and exact. 
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The fo llowing conelation is given for the scam opened m 

the diffe rent mines : 

ConRt;L,1'r10N 01,· Sr,1:11s-BUllNE'r.t' TO CAJlBONAOO. 

OARBOXADO 

DORXET'l' GALE CREEK WI1.'KF.S0N 
North of South ol 

normal fault normal fault 

Burnett No. 1 Peanut :>lo. 2 Wilkeson No. 6 North lJl (MIiier) Soutll II 
(MIiler) 

Burnett No. 2 Peanut Qneen Wilkeson No. 4 North VI (Wingate) South I 
(Wlag11tc) 

Unnamed )1orth V l South V 

Burnett No. 3 Wilkeson No. 3 Xorth IV South IV 

Wilkeson No. 2 I North 11 Burot 
I North I 

WIikeson No. l Gem South Ill 

Unnamed (Denton) :\lorg,rn (North VTI ) S0uU1 IX 

Unnamed (O.Foot) Urulser S0utl1 ,,u 

OnMmecl 

I Unnamed 

WIikeson No. 7 North IX Seam 01,1med 
In tunnel 

S0uU1 X South Vil 

P LATE XV is a graphical table s howing t he rock intel'\'als 
betweeu these seams and contains an n.verage of all the mcnsure­

m c11ts thu made. A tudy of these table: and the sections 

given in P LAT ES XVII to XXI indicntes that the corrclati011 
of the upper sen.ms of the ser ies is exact. B clo'I' this, there i.­

somc uncertainty in 1·egard to the correh\.tion of the C11rbo11Hdo 

wot·kings on the north Md sou th sides of the norma l fouJt. 
Some of the older workings n.1·e inaccess ible nnd until the . C/llllS 

C!\11 be stud ied and men. nrements mndc of the intcrlying sed i­
ments t his correlation wi ll always be indctermiw-\te and p rob­

lematical. 
B urnett No. l on the cit, t clip is the • ame a ,vilke. on No. 

5. The rune sea1u on tl1e west lin1h of the anticline is r epre­

sented by the P eanu t No.~ in the Gale Creek mines but has not 
been openecl in the ·wilke. on mines. At Ca rbonado, the ) f iller, 

op ened in North III and South II, is the equivalent. 
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B urnett No. ~ on tlte east dip is equivalent to Wilkeson No. 
4, and on the west dip is tbe same as the Queen iit Gale 'reek. 
It is not repre. entecl on the \1"1::st side 1tt ,vilkeson. T he ·win­
gate ut Carbonado is the same seam under the numbel' North 
Vl and South I . 

Burnett No. S and Wilkeso11 No. S on both dips arc the 
same. A rock tunncl driven east from the Queen at Gale Creek 
just failed to strike this seam, probably because at this level 
the scam is flattening itnd swinging toward the llA;s of the anti­
cline. T he folding and foulting in the west 'Wilkeson basin and 
in the Carbonado basin causes this seam to reappear in all the 
sections. At Carbonado the local names are North IV and 
South IV. 

The V\Tilkeson No. Q is mined 011 both dips at \ ,Vilkcson nncl 
in the various basins at Carbonado. North II and NorU, I at 
Cllrbonado are the same and equivalent to \Viikeson No. ~­
On the south side at Carbonado, the equivalent seam is found 
jn the Tock tunnel from South IV to South III, but it is badly 
burned and has never beeu opened. The name Ilurnt seam haR 
heen locally given to it. 

Wilkeson No. I follows the general development of its a -
sociated seams. At Carbonado it is known a the Gem on the 
north side and as South III in the south side operations. 

Lying above ,viJkeson No. S i 1;1. seam which at Carbonado 
is 'known as NorU1 V and South V. T his scam shows up in the 
surface sections at Wilkeson and in one of the rock tunnels at 
Ilurnett, but it has not been opened at these places. It is there­
fore indicated in the Wilkeson column as unnamed. 

The correlation up to this point is correct. In the , vilke­
on section two smaJI unnamed seams a1·e "})resent between No. 1 

and No. 7 but they arc only of passing interest. In the Cnr­
bonado sections, on the north side below the Gem, the follo,ving 
cams have been opened: The Morgan, known as North VII 

and North X I: the Bruiser : two unnamed seams; North IX: 
and South X. These seam are seen south of the Nm·th I rock 
tunnel. Ou the south side, below South III, which is th<! equiv-
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alcnt of t he Geni arc outh IX, South \TI, an unnamed scam 
oµencd from the rock tunnel to South nn, and South Ylll. 
Thi latter rock tunnel tmdoubtedly holds the key to the corre­
lation as there i a vertical interval of nearly 600 feet here 
which has not been measured. On the evidence of the other 
available dda the correlation already given has been made. rrhis 

mnke the :Morgan cqui,1a]cnt to the South IX, the Bruiser equiv­

alent to outh VII, and North IX equivalent to the. cam opened 
from the tunnel to South YIII. South X an<l South VIII are 

the same without que tion. Wilkeson '7 ha been tentatively 

correlated with North IX, imply on the basis of rock interval . 
There arc many objections to the correlation just given. 

The exact identity of the Morgan or North VII is in doubL 
.Among the men operating the mine South VJl is believed to be 
t he . amc seam and ther e i. suffic ient similarity in some of the 
con.I sections to wnrrnn t. t his belief, but a con cfa.tion based on 
rock intervals and the pre cncc of intcrly ing scnms mukc,; this 
untenable, unless it c~.1. 11 he shown that there hus been some con­
fus ion in regard t o the na me 1\lorga n on the north s ide. The 
section of the Bruiser sca111 on the north s ide docs not con c­
spond well with outh VII section, ·with ll'hi ch it is correlated, 
bu t on the basis of correfa.tion already indicat ed, these mu t 
be so p lnced in t he calc. ntil further data can be obtained 
from measurement of the tunnel to South YIII no lig ht cnn be 
thrnwn on this problem. 

m in::rnT T POHi\[.\_']' JOX. 

Correlation of the uppermost scams exposed io the Pier ce 
C'otm ty field is not en ti rely possible hceause they have not been 
developed a ex tensi,,el_y as the ,cam. in the Ca rbonado forma­
t ion. The mine workings nt pikcton ancl fl.t South Willis 1·c­
veal certain importa nt facts [PLATE: XVI J and 011 this basi8 
the follo"·ing con·elnt ion has been made of t he nior c impor ta nt 
scam of t he Burnett formation: 
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CoR1tt;1.AT1ox OF S>:A~rs-SrtKElOX ANn Sot'Tl.l \V11.1.1s. 
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All of these seams have itn average dip of 60° to the west 
and a s trike g enerally averaging North 15° " 'est to North ~O 
West on the e9..st limb of the main Burnct-t-Wilkcson anticline. 
The No. rn bed at piketou is identified with a sma11 shale and 
tot1l . cam in the South Willis rork tunnel. The No. 11 and 
the Jones arc the same. These are small scams of no present 
importance. No. 10, the Lady ,vellington, an<l the ,vinsor 1tr~· 
tl1c so.me ancl t hci r workings will connect across South Pnii•·ic 
Creek. Below the Lady W ellington, No. 9, or the Boiler . cam, 
has been opened at Spikcton, but its rquivulc11t has not been 
seen at 011th VVillis. Three seams, howe\'cr, iuc s~:iid to be 
present in an in terval of 486 feet below the '\'Vinsor an,1 the 
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Boiler seam mu -t be one of t hem. No. 8, the P ittsburg, is one 
of the i111porta11t seams at Spiketon, but it has not been traced 
south of the railroad. At a point 4:86 feet below the WiJ1Sor at 
South Willi i11 a little dL·aw a pro pect wa opened on a seam 

reported to be 6 feet thick. T hi is probably the equi,,o.lent of 

the Pittsburg. The Snell at South Willi is 190 feet below this 
prospect. This may be tl1e same seam a that worked in the 
Snell mine in section 26, and its equivalent is to be found in a 

coal and bone earn in the Pittsburg rock tunnel 18~ feet below 
the Pitt burg. No. 7 seam and No. 6, opened in the rock tunnel, 
arc correlated with the Champion and Peacock, respectively, at 

South WiJli . The rock interval between the 6-foot seam and 
the Champion at South Willis is considerably greater than at 
Spiketon, but the two seams are similar· i_n chan\cter. No. 7 
is represented on the south sjcle of South Prairie Creek some­
where near a prospect opening, now caved in. West of this 
open ing is a series of openings which represent the old Acme 
mine. At the present time the Acme seam is burning. One of 
these seams wa.s opened as a drift and then cross-cuttcd to the 
Acme. T he internd below the prospect opening corresponding 
to No. 7 is 173 feet and this agrees with the i11tcrval between 
the C11ampion and the Burnt seam, 170 feet, at South W illis, 
making it appear that these seams, the drift 1mderlying the 
Acme and the Burnt, a.re the same. T he so-called P eacock 
opening at this point agrees well in interval and character with 
the No. 6 and the Peacock at South W illis. 

Below these scams in the South Willis and the Spiketon 
north side sections no more openings are known. On the south 
side of South P rairie Creek th1·ee openings arc present, one 
1,300 feet below the P eacock, then HO interval of 189 feet, and 
underlying this at a depth of 17ft feet is the water level to the 
D river or Black Carbon seam. 

wrLKESON FORMATION. 

Just cast of the Burnett openings on the line of the b1·anch 
to Spiketon a smal1 seam is exposed near the track and is lo­
cally kno,vn as the P Mcock, bt1t it is uot the same seam as the 
P eacock of South Willis and Spiketon. A number of other 
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small scams appear within the belt of the VVilkeson formation 
along South Pwirie Creek. 

1011 the west side of the syncline of the Western Wilkeson 

basin, the Hi D avis and the Brier Ifill mines have been opened 
in the west hall of section QB. Both the e seam are in the 
Wilke.son formation overlying the P eanut or Burnett No. 1 
seam but they are of no economic impol'tance and cannot be 
definitely corrc1ated. 

SUMMARY OF DEVELOPl\,{EN'r OF STRUC'rURE. 

fo the per·iod of deposition of the P uget formation with its 
associated beds of coal, the sediments were depo ited in e tu­
aries of fre h or brackish water. Swamp c011ditions prevailed 
at various times during this period, and to the accm1rnlation of 
vegetaJ matter which was butied under the sediments we owe 
the coal beds. No typical marine fossils have been discovered 
in the area of the P ierce County field, but nrnny plant remains 
and b1·ackish water molluscs have been found and described. 

The accumulation of deposits, now repre ented by a thick­
ness of over 10,000 feet of sandstones and shales, nnder tl1e 
infl uence of subsidence and accompan:ying compression was 
flexed and folded into the l)l'oad anticlinal arch and minor basin 
e.lready clescribed. Completing nnd accompanying tl1e fle..xi.ng 
into the broad major fold and the sharper minor folds ba,•ing 
general dips of 50° to 60° 011 the east and dip up to 85° on 
the west limbs of the folds, a series of overthrnst fault was 
developed along Jines also trendin g northwest and southeast. 
These faults lrn.Ye had an impo rtant i.nfluence in the mjning cle­
Yclopment of the field . As already noted, they arc, in order 
from east to west, (a) the Burnett, on the east dip from Wilke­
son north to Bm·nett; (b) the W ilkeson, on the west dip from 
Gale Creek south; (c) the central Carbonado; and (cl) the west­
ern Carbonado. In addition to these, there arc two overtbrust 
faults of minor importance in the Burnett mines, one on the 
ea t dip in tl,e southeast quarter or ection 9ll and one on t.he 
west dip in the southwest quarter of section 16. 

After the structure bnd thu been determined, flll'ther fault­
ing took place, mainly normal in character, the planes of the 
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fa1tlts cutting across the measures in a more general cast-we t 
direction. The best example of this is i11 the grent normal 
fault separating the north from the south side workings at Car­

bonado and the fault paralleling this in the south side work­

ings, both of which trend about North 45° Wet. A normal 
fault of irregular extent cut the south working at Burnett. 
In addition to these faults of major importance in the gene1:al 
structure, local faults cut the seam throughout the entire field, 
presenting constant problems in mine operation. These have 
not been studied in detail as they represe11t purely local prob­
lems which mu t be accepted as part of the difficulty of mining 
steeply dipping seams. 

The exact history 0£ the deve1opment of the structu re de­
scribed cannot be accurate_ly determined. Certain facts, how­
ever, can be noted, but the rest is hidden in lack of accompany­
ing structural data. rl'he direction of pressure was from the 
northeast acting toward the southwest, or from the southwest 
acting toward the northeast, the main axes of the folds trend­
ing North 15° to ~20° We t. lt i probable that the directiou 
of rnajor pressure was first from the northeast ~ts we find the 
g reater fold on this side and the minor folds on the southwest. 
'!'he dips of the fo]ds to the west and the gentler ea t dips fur­
ther bNn out t.his supposition. The Burnett fault wus over­
thrnst from the ea t. Pressu1·e undoubtedly developed from 
the southwest also. T his is shown by the overthrust faults on 
the west side of the main anticlirnil axis, all of which indicate 
thrusting from the southwest. This faulting was probably not 
irnultaneous]y effected, but seems to have been done serialJy or 

in fage . The normal faulting may also be t.he expression of 
Lhis prcssu re but it undoubtedly represents the la t tages of 
fou1ttng. The north pitch of the whole fie]d seems to indicate 
a struct.urn1 depression between this fie_ld and the Green River 
district of King County. Whatever maJ he the u-planation 
of this basin, the forces acti ng to produce it have exerted 11 

rnarked influence in determining the structure of tbe fi eld under 
discussion. All of these forces or cornponen ts of the pressures 
undoubtcdJ)' acted to produce the complex structu re described. 



CH APTER l V. 

COAL. 

STRATIGRAPffiC RELATIONS. 

The coal cams already named are seen to occupy places 
tlu-oughout the entire length of the known local stratigraphic 
column, but the most important development i in the Carbon­
ado formation. 'l1he vVilkeson formation is lacking in scams, 
while the Burnett, though containing the maximum thickness 
of section, has but few scams of commercial importance. The 
l\Ielmout-Fairfox series of sediments contains many scams but 
these are of limited commercial importance at present. 

Within the belt of sedimenta1·ies exposed in the Pierce 
County field coal seams may be said to be present everywhere, 
but it must not be inferred from this that they are workable 
se~ims, not· that some of the workable seams are profitable seruns. 
Although the igneous margins of the field will limit the area of 
openitions -it is probable Lhat the future extension of many of 
the seams 11ri]J be carried on in the concealed area now covered 
by glacial material. This extension will be carried on by un­
derground development rather than by new surface plant be­
cause of the greater opportunity for careful prospecting and 
the 1wings to be effected in the problem of mining, transpor­
tation and drainage. 

DESCRIP',l'lVEJ DETAILS OF COAL. 

All the Pierce County coal is bituminous, but tl1e compo­
sition Vl\ries between wide limits in the same seam, an<l between 
as ociated seams as wel1 as seam in the different formations 
represented. Some anthnicite has Leen found, but as it 1·ep1·e­
sents local metamorphism near the contacts with igneous dikes 
it wrn not be further considered. 

The upper coal seams, those of the Burnett forn1ation, carry 
higher n.sh than those of the Carbonado or the ttnderJying for­
mation. The amount of ash progres ively decreases a can be 
seen from the tables of analyses in the appendix. The per cent 
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of volatile matter decreases and the fixed carbon increases as 
the lower scams arc approached. In a general way the bea t 
values increase in accordance with the variations noted above, 
but this inc1·easc is not so well marked as the va1·iations in ash, 
vola tile ru,d fixed ca rbon contents. No comptnison can be 

made of the analyse of any 011c seam as these are subj ect to 

many variations from point to point. 
Typical sections of the scams now worked in the field under 

discu ion are given in figures 1 to 15. Study of these will 
show the diff crences in total thickness and in the thicknes of 

benches or bands, as well as the character of the coa1 in the 
seams. During the period of deposition of the coal beds, the 
oscillating levels and the changes in the material deposited 
were of very pronoun ced extent. The r e ult is seen first in the 
va rying in tervals between seams ; second, in the total thickness ; 
t hird, in the position of bands of impurities ; fourth, in the con­
st it uents of t he coaly matter. Add t o these the ch1mges whi ch 
have taken place during the folding and faulting of this great 
accnm ulation of sediments and the re ult is the seams as they 
are found today, sometimc1; perfectly firm and regular and uni­
fo rm, other t imes squeezed and crn heel and possessing no co­
he1·ence. 

QUALITY OF COAL. 

For purposes of classification, the material of the coal scam 
may be divided as follows : 

(a) Pure coal, 
(b) Dony coa l, 
(c) Bone, 
( d) Carbonaceous shale. 

'£he pure cotLl is characteristically black, usually with a 
vitreous 1ustre, and is massive and dense, breaking into .irregu­
lar small pieces. The streak varies fro1u black to a brmYnisb 01· 

g rcyish-b1ack. The sp ecific gravity is 1.8 to l.S5 and in the 
pure coal the ash is very low, from 6 t o 8 pe~· cent. Sulphnr 
in all the coals is low. 

The bony coal is duller a nd more blocky than the pure coal 
and shows altem ating thin layers of bright lustrous coal imd 
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Columnar sections of Burnett formation exposed in rock tunnels at Spiketon and South Willis. 
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the duller layers of <larker coal. This coal is charnctCJ·izcd by 
higher specific gravity, 1.35 to 1.-15, and higher a 11, 12 to 20 

per cent, ancl may be said to he the typirnl forn1 in \\'hich the 
coal exists. 

]lone is a variable term applied to g rey or black shale 

c~trrying in tcrlaminntcd streaks of ('oal or bon)' coal which could 

Shale, 1,rre:, 

Bone-shnle 2¥' 
Clny purUilg 
none ~· 
Shale, black I" 
Sirnio, black I" 

Shnle, grey 
2'..fY' 

- ,rnd.sLooe 

!?.'' Coal 

be separated by fine C1'11sh­

jng. It is u ually ve1·y 

ltard and has a specific 

gravity ranging from J.45 
to 1 .50 and an ash content 

of 26 to 30 per cent. 
w.s" Coal The Ciffbonaceous shale 

is a black or greyish black 

shale which may form the 

thin partings or "leadCJ·s" 
between the coal benches or 

it may exist as U1ick 
hands. In the form of 

Pittsburg Number 12 Seam. p artings j t is usually hard 
fii,:. 3. C.ROSS·SEm·rox OF COAJ, Sr:.ur A'J.' and .[)ersistent. At other 

$PfKE'£0~. 

times it is soft and foliated 
and cru111b1cs away ,·cry l'eucliJy, forllling the "mining." The 

specific grn vity of the hard bla<'k shale is 2 to 2.2 nnd it con­
tains fifty pcl' cent ash. 

In addition to the above cons tit uents, yellow or white clay 
bands, or thin stl'ingers of sandstone arc found in the scams. 

In some cases they arc very characteristic; ju others, they nre 
pu l'cly local. All of the normal constituents of the coal beds 

noted above sometimes grade into each other withjn the width 

of a working face and a great deal of the " personal equation" 
enters into tlic measurement and description of such sections. 

'l~he g rttding of the conl beds into their commercial uses is 

not altogether satisfactory because the factor of wa hing and 
prepa t·atioo enters. However jt may be said that the searus of the 

Burnett formation are adapted to steam generation but a !'e not 
suitable for gas 01· coke manufactul'e; the better scams in the 
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C'a1·bonado formation excel in gas and coking properties, while 

the other washed products arc good domestic and steam coals; 
n11cl the formation below the C1ubonado is be t suited for coking 
coals. Some blacksmith coal i prepared from the lower seams. 

QUANTITY OF COAL. 

The quantity of coal in Pierce County has ne,·er been ac­
curntely determincd1 nor can even a reasonably accurate esti­

mate be made. '!'he structural conditi ons involving steep dips 

and faults, the val'iable thicknessc and extent of seams, the 

intrusion of igneous rock , and the cover of fore. t and gJacjal 

materials introduce factors which are largely i11determinate. 

The table of production in the Appendix summarizes the oper­
ations during the known history of the field. Within the limits 
of the p1'0perty of any of the present producing mi11es an ap­

proximate estimate of tonnage can be made on the basis of tl,e 

development work, bnt this is felt to be outside of the scop e of 
this bulletin aml it liaii not been attempted. 

CHARACTER OF COAL. 

The qnality of the coal and some of its characteristics have 

already been de cribed and wiJJ be further discu scd undc1· the 

que. t-ion of mining and preparing the coal. For a detailed de­
scription of the character of Washington coals the reade1· is 

referred to "Coals of the Sbite of "\Vashingtonn by E . Eggle­
ston Smith, R ulletin, U. S. Geological Survey, No. 474, 1911. 
A table of a.nalyses of Pie1·cc County coal , taken from that 

bulletin, is given in the appendix to this volume. 
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CHAPTER V. 

l\IINL~G INDUSTRY. 

HISTORY OF MINING. 

Coal was di covered in the canyon of Carbon River about 

186fl or 1863. The fir t coal location, however, wns not made 
until 1874 when the Flett Brothers and their brother-in-law, 
Gale, opened a claim on Flett or Gale Creek above the pre ent 
town of Wilke on. A wagon road wa con hucted from South 

Prairie to the mine 11.nd a number of toas of coal 11auled to Ta­
coma. At thi time, 1873, the Northern Pacific Railway had 
been built from Kalama to T acoma, but the road acr oss the 
Cascndes had not been begun. The cmtl di coverie!l were nen r 
the line across the mou ntains wh ich would be adopted shoulcl 
T acoma be it terminus. In view of tl1is an engineer, Benjamin 
F allow , of Pittsburg, was ent out to investigate the coal pros­
pects and he r eported favorably. urveys were made fot· a 
road in the fall of 1875 and on May 6, 1876, the 1·oute was 
formal1y adopted and a map filed with the I nterior Department. 
This portion of the Cfl ·cade division, which was generally known 
ns the Puyallup B rnnch, was built in ]876 from T ttcoma to tl1e 
coal field at 'Wilke on, a distance of 30 mile , and a sho1t spur 
wns afterw111'd (1880) built to Cttrbonado to reach a mine sold 
by the Northern P acific to the C'entnil P acific R ailroncl. The 
town at the coal mines was by vote of the Board of D irectors of 
the railroA.d named 'Wilkeson, in comp liment to the secretary of 
the comp a11y, Samncl Wilkeson, who made 11. t rip overlanrl to 
the coast with the fir t engineers sent out imd who wrote n re­
port on this trip, knom1 a " W·ilkeson's Notes." 

T he originnl Wilke on mine was ~,bandoned nfter two or 
tlnce year ' operation and in 1879 the pre ent W ilkeson mine 
on the western dip was opened by the rnilroad company. 
About the . ame tiu1e t he seams on the eastern dip wel'e opened 
by the T flconrn Conl and Coke Company. No records of the 
p roductions of these mines are irrnilnble before the year 1884 
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or 1885. It seems probable t)1at some of the mines first opened 
were abandoned or else worked very little u11t1l 1885. We find 
records in the Territorial 1\'line Inspector's R eport for 1887 
giving the production for the years 1885, 1886, 1887 for the 
T 1Lcoma Coal & Coke CompanJ., but none for the W ilkeson mine 

until 1888-1889. The mine opened on the ea tern dip was 
]mown as the Smith Vein ot· the present East 3 earn. It was 
worked until 1893 and then hut dmm, to be later reopened by 
rock tunnels from the seams on the we. t dip worked by the 
W:lke. on Coal & Coke Company, which wa organized in 1888. 
It secured c011trol of the eams on both the east and west dip , 
although at first it lea ed the west dip scams on royalty from 
the Northern Pa.cine Railway Compa11y. 'f he fi r t company in 
t he state to manufactul'e coke was the T acoma Coal and Coke 
Company in 1884. Its ovens wer e built at the end of 1885 and 
ten of them were in operation in 1886. In 1888, thirty ovens 
were running, and today one hundred arc in use. [ P LATES 

XXII and XXVII.] 
The next pl'operty in the Wilkeson di trict to be operntecl 

was the Gale Creek mines. These were fir t opened on the H ill 
and D rivc1· p rospects about 1898 and a co-operative company, 
known as the l\I iners' Co11. l and Coke Comp~:my, was started in 
1899. T his wa succeeded in 1900 by the Gale Creek Co~;i,J 
Company. The B rier H ill property was opened in 1907 and 
reported a prnduction of 800 tons i11 that year. T he Hi D avi. 
mine was opened in 1909 to supply fuel for the light and wutcr 
pfont of the town . 

T he mine at B urnett was opened by the South P rairie Coal 
Company in 1881, by a water 1evcl drift on No. 1 scam. In 
189-!. search was begun for the underly ing scams and in 1895 
No. ~ scum on the east dip was found. Subsequent rock t un­
ncJs tapped the same seams west of the fault and No. S seam, 
but the exact relationship was not worked out until later. I n 
1906 the control of the South P rairie Coal Company was trans­
fc1Ted to the P11cific Coast Coal Company and the active man­
agement of Mr. C. H. B urnett, after whom tbe mine was named 
trnd who opened the p roperty in 1881, ceased. 
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The properties at Co.rbonndo, known as the Carbon Hill 
( 10!\I C'ornpitny, were probably the first iu P ierce Connty to be 

opened, ns the canyon of Carbon River lms <!xpo,;ed the scams 

much more clearly than in any otlicr part of the field. Xo rec­
ord was kept of any mining until 1885. It is known th11t the 

111iues were shipping in 1880, the branch line from 1.Vilkeson 

having been extended to C'arhonaclo. T he coal mined in the 
early days was chiefly used in C'aliforniu. by the Ce11tral P acific 

and the Southern l}acific t·itilroad , and fot· n long time therc­

nftet· the principal market for Carhonado coal was i11 California 

and Oregon. In 1886 the mines wen• closed For a time on ac­
cotL11t of labor troubles. In 1887 steam locomotives were intro­

duced for mine and outside trnnsporbrtion. );o. l mine was 
the first mine in the state to be lighted by clectl'icity, 1895. The 

scams to he first developed were the \Ving1ite, ::\liller, Number 

+, South 7, North ] , 1U1d North ~. 'rlic Carbon Hill mines A.re 

tlic large t in the . tatc witl1 the one exception of the X orth­
westero I mproYcment Comp,iny's R o ·J.vn mines. Fol' several 

)'Ca1·s, or up to the time that the latte1· propcl'ti<'s were well de­
veloped, the Carbonado property hfl('l the highest record of in­
dividual tonnage. Coke ovens were insudkd in 1911 1tncl in 
1912 coke ,n,s first produced nt this properly. 

The Kortln1·cst I mprovement Company, operating at i\Icl­

mont, began prospecting in 1900 1rnd in 190fl shipped coal. 
I n 1896 work was begun on the properties in section 26 hy 

the ,vestcrn ArnericM Company and i1 rnilrcmd line locntc<l 
from Carbouado. 'TLe constn1clio11 of tltis road 1111cl the open­
i11g of the mine ,vere cnrried on in 189'7 and 1898 a.nd the mine 

bccwue a producer iu 1900. T he property 11·as first operated 

with white, then colored, and finally Japanese labor, and ;;cemed 
to have c011siderab]e difficulty in getting started. In 1900 

twenty-fh·e coke ovens ha.cl hecn built nnd in 1901 this number 
was increuscd by thirty-five more. 'l'he 'l'ncomn Smelting Com­
pany secu red the prope1·ty in 1901 nncl worked it until 1911 , 

at which time work was i-tnrted on a new mine in . ection f:H, now 

known as the Fairfax i\fo1e, I nc. 
-3 
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The Montezuma Mine on Evans Creek, one and ooe-hnlf 

mi les south of Fairfax:, began to develop in 1901. In 1901 it 

had begun to p roduce coal and continued sh ipping intermit­

tently until 1910, when the mine closed down . At pt·esent Lile 

mine is owned by the l\lontezuma Coal CotnptU1y. This mine 

was one of the coke producers of tl1e county with a battery of 

~5 ovens. 
The Olympir l\I ining Compnny dcYeloped n. sn1rdl mine in 

section 36 along Carbon R iver, southeast of Fnirfox, in 1901. 
Beyond driving a tunnel and shipping a few hundred tons of 

coa l nothing further WftS done. 

In the southem half of the 6elcl, south of the Puyallup River, 
very li ttlc actual mining has bce11 done, although many pros­

pods have been opened. George Otis Smith makes the state­

ment that in 1875 a ton of coal from the P uyallup Valley was 

btken to San Francisco, bnt the field w11s practically abandoned 

in 1880. In 1904, the deposit near Asl1ford was opened up by 
the Ma.shell Coal and Coke Co1l!pany and development work in 

d r iving rock tunnels was carr ied on <luri11g the next few years. 
In 1909. the mine shipped 655 tons. The production was con­
;,iderab]y greater than this, hut no record 11as been kept of the 

ilctual tonnt~ge. The proper ty is owned by the °"' es tern Steel 
Corporation . 

The mines at P ittsburg now operated by the American Coal 
Company have had a checkered career. [P LA".rE X..,"'{III.] The 

first record of min ing ot1 these seams was in 1891, hut the oper­

ittions <·eased in 1892. l n 1892, tl ie Acme l\linc was opened 
and shipped coal until 1894. The Ouimette i\l ine, between the 

Acme and the B urnett mines, was opened in Septemlicr, 1893, 
and shipped until 1896. L ater, in 1903, this property was 
opened under the name of the Luzon Coal Company and then in 
1908 by the Black Carbo11 Cod Company, but only a few thou­

sand tons were mined and the property again closed. I n 1900, 
4,800 tons were mined by the '''illis Coal Company, at Spike­
ton ( P ittsburg), but it was not until 1907 that the present de­

velopment of these mines began . Since then they have hccn 

steady shippers. 
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The southward extension of the Pittsburg scams at South 

Willis was first developed tlbout 1902. 'l'wcnty-fivc coke ovens 
were built. r.rhc Gale Creek Company, operating at vVilke on 

worked these properties ancl no cparatc record of production 

11·a kept. cvcntcen hundred tons of coke was produced in 

190-t In 1909 the Commonwealth Coal Company acquired the 
properties, which were later transferred to the American Coal 
Company, operating nt Spikcton. 

In 1904 the Pacific Coal and Oil W eJls Company opened a 

mine in section M, east of Wilke on, and erected bunkers and a· 
tram to the railroad. In 1905 they produced ~,-:100 tons of 
blac:ksmith coal a.ad maintained a mall production for two 
years more, but in 1907 tl1e mine wa clo. ed. 

In the territory south of tbc Wilkeson mines, a new com­
pany known as the Pacific Northwest Coal Company has -re­
cently acquired leases 011 the southward cxten. ion of some of the 
cast ,vilkeson and underlyi11g coal seums in that portion of the 
field incl icntcJ in the earlier parts of this report as the eastern 
VVi lkc-011 basin. T his company ha done consiclernblc surveying 
and prospecting but no actual operation has yet been at­
tempted. 

ACTIVE MINES IN 1913. 

The names of operators and mines from 1887 to date iirc 
given in the production table. It. will be seen that some of the 
properties have suffered many changes of 011·11crship while 
others have been under p ractica]l_y one mm1agement during their 
entire history. In 1913 nine compan.ies were producing coal. 
Of these eight were active produce1·s imd one was simply con­
tinuing development work. . Th ree companies p roduced coke. 

The mines of the Amei·ican Coal Company are loc,ited at 
Spiketon. T hree scams are being worked, Nos. 6, 8 and 10. 
This company leases the properties at South W iJlis to the Sou th 
WiJlis Coal Company, whose operation: arc mainly on the ,v in­
sor seam. T he P a.cific Coast Company operntcs at Burnett on 
three scams, bnt all the coal is brought to the surface througl1 
one opening. T he Gale Creek Coal Mines Company and the 
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Wilkeson Coal and Coke Company are both at Wi lke on. The 
Gale Creek operations are mainly on one scam, the Queen. The 
Wilkeson company has an exten ·ive se1·ie of wor kings on water 

leve1 gangways on six seams. The Carbon H ill Coal Company 

is the largest producer in the field. Thi company operates at 
Carbon11do sc,·cn mines, all of which are opened from the level 
of the river in Carbon River canyon. [PLATE XX.IV.] At 
) Iclmont, the Northwestern Improvement Compauy works one 
rrune. [Pun: XXV A.). The Fairfax Mine, Inc., i ituated 
at Fairfax in section S4. [PLATE XXV B.] Practically the 
entire output of this rnine i converted into coke. The Monte­

zuma Coal Company, known as the Montezuma mines, operates 
on Evans Creek above the town of Fairfax. D uring the past 
year only cottl from de,0 elopment work has been shipped. 

South of Evans Creek no mines arc opened. Considerable 
prospecting has been done but nothing.in the nature of a mine 
can be found south of the above properties. Nor is it likely 
t hat any mines will be opened for many yea1·s on account of the 
limitations p laced by economic tre s. This question will be 
latel' discussed in more detail. 

SYSTEM OF MINING. 

(l l·l~l':nA(, Dl!l \'l~LOP:\lE~T. 

All of the methods of mining employed in the P ierce County 
fi eld are those due to working steep or "pitching" seams, hence 
they resemble tbe methods empJoyed in the anthracite fields of 
P ennsylvitn ia . 

Topographic conditions a11d tbe iJJ fl uencc of the timber 
growth and glacial drift have determined the methods of open­
ing, and hnvc limited the location of mines to those points where 
access was eas.r to both the coal nud Jines of trnusportiLtion. 
The most favorable method of entry under these conditions has 
been the "water-level" gangway, dri\•cn on the coal from points 
along the stream beds, on easy g rade for drainage and tram­
ming. :.\line water and refuse could be handled easily and rail­
road Jines naturally follow tream drainage lines. A reasonable 
height or "lift" of coal, depending on the elevations of the hi lls 
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above the streams, was usually pre. ent. Hence the inevitable 
water level gangway or rock tunnel associated ""ith tl1c open­
ing of prncticnlly every mine in Pierce County. 

A:- development progrcs ed the dip, ratbc1· thnn the ri:-:c, 
pre cntcd the te1Titory for expansion and since shafts nre pnt<·­
tically out of tlic que tiou, because of the condition nJren<ly 
cnum.crutcd, slopes on the coal to lower levels has been tl1c later 
stage of development. I n some parts of the field, new senms 

have been OJ)cned by rock tunnels cross-cutting the mc,lsures, 
the tunnels so ch·iven serving as underground transportation 
ways to the older cl rift entries. No vertical l1oi,;ti11g shafts, 
therefore, nrc to be found in Pierce County. The Wilkeson 
mines arc entirely on water-level; all of the other mines hin-e 
some slope operntions to the lower levels. 

li8:'\EII.\L Mrl'll:-IG lflil'l'IIOII~. 

The methods of winning the coal nrc. modiflcn.tions of the 
room-and-pillar or chute-and-pillar systems oF operation. Prnc­
tically no longwall i llt present used al though it has been tried, 
nnd no 01iuing nrnchinc.s arc in ltse. The various modifications 

in the F-)' tern of working are clue to the character and thick­
ness of the seam, lhc. hardness of the enclosing strntn, the clip, 
and the amount of cover. 

R oomi:: or chutes are opened at right angles to the gi1.ng­
ways, ti ually fol' the full height of coal between walls. In othC'r 
casei; the chute is only taken out for the height of good coal, 
leaving the ra. hing or top to be removed when tl1e pillar. are 
drawn. Under some conditions the chutes nre clri,·en across the 
clip nt nn angle in order to get an easier grudc for the coal to 
travel. P aralleling the main gangway n counter is always 
driven leaving a stump pillar between of viLrinhle thickness 
which is cut by the 11arrow room ot· chute ncch, or by traveling 
ways. Under the gravel cover at the surface, 11. top gangwA.y 
from which a ir <'hute ttrc carried to the surface is driven which 
serves the double purpo;;e of ventilation and trnmwny for tim­
hc1 which is dropped down f1·om the surface. Crossct1ts in tl1c 
pillars arc at n maximum interval of 60 feet. 
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In the advru1cc mining up the dip, wood brattices nailed to 
the props arc carried up one side of the room or c!Jute to serve 
for YCJ1tilatio11 and to partition off a traYeliJ1g way, or canvas 

may be used in Lhe so.me way. Step are mn<le by laying si ll 
aboYe the props and hitching these in the cM.d. The other part 
of tlie room is u ed a. the rnnway or chute for the conl and is 
timbered as the circumstances require. vVingwalls are built of 

boards at every cros cut bratticc to deflect air to the manwaJS 

and to direct any coal which may drop down the manway into 
the chute. Butteries ru·e built in the chutes to hold the coal at 
crosscut intervals and also to serve a reinforcing timbering at 
the cros cut openi11g . One chute may be u. ed to bri:ng the 

timber to the various crosscut from the top gangway. The 
mined cMl from the roottt i held behind the bttlteric to be 
drawn off as required Ol" may be sent dowu to the gangway im­
med.i a tel y. 

As fast as the rooms arc <lriven to the limit of the lift and 
a suffi cient number of tl1em are in advance, the pillars are drawn 
clown to the counter below. The exact methods of drawing 
vary. In one metho<l, one s ide of the pilfor, inbyc or outbye, 
depending on the pos.ition of the chute, is removed in a diagonal 
cut which rc111oves the upper cornet" and permits the coal to 1·un 

into the chute along the rib thus made. Each block of the 
plllar is thu successively removed and heavy cog timbering 
placed below the cro cuts to support the covcT above the work­
ing place. fo another method of drawing, both inbye and out­
bye sides of any piJlar are attacked and p ermitted to rnn do,vn 
the corresponding-chutes. T he timbering is carried along as be­
fore. I t wilJ be noted that the piUa1·s u e always drawn from 
the top gangway down to the counter. 

Coal is shot from the solid in practically aJJ of the mines, 
although, in so.me cases, a kcrf is made in one of the soft bands 
in the seam known as the "mi11iJ1g." H oles iu·c d rilled by hand 
machines and dynamite is the blasting agent. Some mines em­
ploy shot-lighters, others permit the miner to fire the shot . 

The dip is usuaJly st eep enough to pe1·mit the coal to travel 
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without buck ing or assistaucc. Iron plate, on the intermediate 

clip is used, and in flat dips, water i used to fl u h the coal down 

the chu tes. The water js brought in through the air chutes to 

the top gangways tmd is then piped to the chutes. 

C'oal front the chutes i loaded into cars and trammed by 
mules or locomotive to the surface. i\Iany electric locomoti,,cs 

1u·e in use 1tnd nl Wilhson and Carbonudo . toum locomotive. 
1ue in nctive sel'vice. 

Pumping ha not become a very important 1)l'oblcm because 
the working arc main ly above water level, but as the depth of 
working. incrca. cs thi factor w"ill be very great, particularly 

us all the robbed portio11 nbovc the water level will permi t ea. y 
drninage from the. urfacc into the mine. 

l\lany of the mines conti.1,in gas and 1·cquirc the use of safety 

lamps. Lighting and ignalling are done by electr icity nlong 

the main gangways. Ycntilatjon is accomplished by fon at 
the su .. face althoug h some underground boosters a rc employed. 
T he aji· is usually taken into t he min e through the main gang­

WftJ or slope and then exha usted thrnugh the fun. 

In the following pages sp ecial reference will be made to t he 
individnal miues. 

MINE OPERATIONS. 

A)l l •: l!I C.\N CO.\ I , C0)1P,\NY, $Pl KWl'O:--. 

T be mines in operation arc Nos. 6, 8, 9 and 10. N umber 

6 is on a 1·ock. tunnel d1·iven wes t from the i;econd level of the 

Pittsburg or Number 8. Number 9 is a new opening driven 
on 11 seam above the P ittsbtug at the level of the tipple. Num­
ber· 8 was originally opened at water len'l above outh Prairie 

Creek and breasts wer e mined to the outcrop. A new opening 
at higher level was star ted and a slope driYen acros the old 
brea ts on a 30° dip to the second level, whjch was driven north. 

Number 10, the L ady W ellington, ·.vas opened in 11 similar man­

ner , but at the pre ent t ime both mines 1:u·e being entirely workccl 
from the second level. 

The systen1 of mining em ployed is simi lar to that g iven un­

der the general description . [ F igure 16. ] The mnin level is 
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l O feet wide and the counter 6 or 8 feet, with a ~0-foot pillar 
between. Chutes arc opened 6 feet wide but are widened to 8 
feet above the counter. The width of pillar varies in the dif­
ferent scams fr9m 35 feet to 50 feet, but up the dip the length 
is usuaUy 50 feet with 6-foot crosscuts between. The gangway 
or stump pillar is pierced by a crosscut connected with the 
coun ter to be used as a traveling way to the chutes. Tl1e breasts 
arc divided into t he chute proper and the manway, each 4 feet 
wide, the manway on the inbyc side. T hese chutes a1·e driven 

to the top cotmter, leaving a 50-foot p111ar below to provide for 

bringing in timber. Four chutes are driven in advance inside 
and then four block · are drawn. The attack i. alway on the 

outbye s;de and cnts are taken ;n the order incl;ca.ted on Fig­
ure 16 fron1 the upper block down. Cogs are placed in the 
robbed portions and bulkheads and chute arc taken out as the 
coal is run down . 1\lonobel and ~O per cent 'lumping powder 
are used for bringing down the coal. 

Rock tunnels from both the W ellington and Pittsburg scams 
have been driven for prospect purposes. Two small seams, 
Numbers 11 and 1~, were s truck in the tunnel cast from the 
sec011d level of the W'ellington but they did 110t prove valmible 
enough for development. A long tunnel was driven west from 
the lower level of the Pittsburg and this cut a 1rnmbcr of seam 
which served to assist in correlat ing the Spiketon with the 

outh Willis sections. T wo of these sen.ms, Number 7 and 
Numbe1· 6 will be of commercial importance. Number 6 has 
already been developed, but Number 7 has not been of as gL·eat 
value. Coal from these seams will reach the surface by way 
of tbe rock tunnel and the Pittsburg slope, whi ch DOW delivers 
its coal to a surface landing at the tipple level and is then taken 
by electr ic locomotive to the tipple which is at the head of the 
W 1::llington slope. 

S0l"'1'II WILLl, CO.At, COi\l PMO,. SOUTII \V IT,LIS. 

The same general method of mining that is employed at 
piketon is followed at South Willis. The Win. or, the Cham­

pion, and the P eacock have all been opened by drifts in to the 
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Peet 
3 Conl. Wilkeson 1 

s.~ Ooal, Wilkeson 2 

Ooal 

10 Ooa l, WJUccson 3 

15 Ooal, North V 

Coa l. rllrty 

2 Oonl, btll1)' 

Oonl 

l Oonl, dirty 
2~ Oonl 

Oonl, dirty 

H Ooal 

3 Oonl, tllrty 

Feet 

~2 Sandstone, medium grained 

43 Snn,tstonc, shaly 

10 Snmlstonc, llne grained 

S2 Snndstonr, medium to conrse 
gro ined 

9 Shale, carbonaceous 

3 S11ndstonc, shn ly, leaves 

S11nle, leaves 

1,; Snndstonc, tine grnlnecl wll"lt 
coal strcnk 

126 Sandstone, llnc to coarse 
grained 

10 Shule with coal strcllk U" 

JO S11nd!!1ono, medium grnlncd 

3'2 Sandstone, sha ly 

11 Shule, cnrbonnccous. with dirty 
cont 

1a S11ndsto11c. tine grnlncd 

1S Snnclstone, lloe grnlnccl 

3 Shale, carbonaceous 

10 Shnle, enrbona0eous 

2S SundRtonc. fine grained 

Sirnio, len ~cs 
ll Sund:;toue, nne grnlnccl 

:ii Sant.lstoue. rourse 

l!l Sr,ncl~tonu, llnc to 1'onrsc 
grulned 

8 plus Sh1llc. sandy 

OA RBOXA DO. SF.O'l'lONS "L" A}.'l) "M", A't' WILKESON SE,\MS, 
:slOR'l'LT l lllLNE. 

Feet Feet 

12 00111. :0.orth [ 

3! Coal, Gem 

10 Coa l. bony 

2 Oonl and shn lc , 
Mot'gan 

3 Coal, d irty 

11 SLtalc and cont. 
Bruiser 

12 Ooul (Unnamed) 

5 11lu~ San<lstonn, medium grnlnecl 

6 Shale, sandy, lc,wes 

,1~ Sandstone, medium to llnc 
grnlned 

S Suuclstolle, shnly 

48 Snotlstone, floe gra ined 

2 Shale. grey 
(; S11ndsto 11c, shnly 

8 Sandstone, Hnc gralnccl 

Shale, conly 

28 S11 11<1stonc. fine to ronr:!,; 
grained 

Shale 
10 Snudstonc, llnc grained 

!I Sirnio, 1·arbon11reou~. <'Olli 
streaks 

IS l:lnnclstonc 

S Shah) 

n Shale, cnrbo111u•rons 

4;; Snntlstooc, fine grained 

7 Shale 

5 plus Snucl~tonc 

CA!l.BOXADO. SEO'l'ION "N'', NOWl'Et I ~U'N'E OS 'l'Uloo"NJ~T, '1'0 
W[LKKSON SEAMS. 

Bt:1,U:'i'IX No. 10 1'1.,U'.E XIX 

Feet Ft<!t 

r. Coal nnrl sl111le 

Ooal 

3l Conl nod s ltnlo 

8 Cont, North V 

~ Oonl 

1S Conl und shnlc, 
mixed 

!lO Cont nnd shale. 
mixed 

12 <'0111. Xnrl h rv 

31 Sllmlstonc, shaly 

18 Shale, [!rcy 

~ Snn<.lslonc, medium to course 
gr}l(O(!d 

l(i Suuctstooc, slmly 

rn Shale, grey 

u Shale, sandy 

10 Sands lone 

12 Shale, sanely 

0 Shale, sandy 
s $bale, grey 

l() Sl1alo, snndy 

3 Shnlc, ~arbonnceous, eonl 

33 Sandstone, shuly 

6 Snnilstone. sholy 

17 Sandstone 

100 Snncl.itonc, dho ly At loo 

100 Snndstone, eonr.ie 

o 11lns Snnclstonc 

O.\llliONADO. SEC'I'IOX ·•o--, NOWl'il 1 11INE, KUMllRH, 33 l'UXSEL. 

Poot Feet 
5 J)ius Saodstono 

12 Cont, North l 

2!> Hondstonc. shnly ut bottom 

3 Oonl . Gem 3 Sn111lstonc, ~huly 
3 Oonl, shaly 

IG Snnrl~toue, mcrlhnn grained 

12 :'la111lslonc, sh11 ly 

2! Ooal, ~Jorgan 

15 Sondstone. shnly 

1 Shale, carbonaceous 
O S1111dstn11o 
4 Shale with cont strcnk 

1;; Snnustone, eonrso 

20 SnncJstooo, shnly 

10 Cool, Bruiser 

10 plus Snnolstonc, slrnly 

CARBONADO. S1W'l'l0~ "P", '.110.R'l'H I ~mrn ON l'U:ol°;"<E]. 1-'ROM 
URITTSF.R •ro SOR.'l'Il l SEAAI. 

Columnar sections of Carbonado formation exposed in rock lunnels at Carbonado. 
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F10. 17. System of Mlning, Pacific Coast Coal Co., Burnett. 
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coal and ·ubscquently slopes have been driven aero the dip to 
the lower Levels on the ,¥in sor and the Champion. The second 
level on the Winsor has been driven to the north until at pres­
ent it is very close to the workings of the Lady 'Well ington , its 
eqltivalent. Io this seam, the breasts are carried up 12 fe<'t 
wide with two 4-foot manwa.ys on each side and a 4-foot chute, 

while the pillars are 50 feet wide and 40 to 50 feet long up the 
dip. Half-chutes in the gangway piDar are used for manways. 
The block are drawn on both sides to the manways. 

A rock tunnel dTivcn east from the lower level of the Winsor 

to the valley of South Prairie Creek cuts four earns, two of 

which arc equivalents of those at Spiketon. The uppermo t 
two, which are very close to the top of the Burnett formation, 
have not been found at Spiketon. Dikes cut the \i\Tinsor aud 
the Champion mine workings, but have not been of sufficient 
extent to seriously interfere with the operation. A belt of 
ho.rd, greenish, fine-grained rock, indicated as a sandstone in 
the columnar sectio1Js, was found in the Wiu or twmcl. This 
may be a. dike but field examination did not verify this. The 
main body of igneous material outcrops along South Prairie 
Creek not far from South , villis and these dikes may be shoots 
from the main body. 

The coal is brought up the slopes in mine cars and then 
transferred by a 1·ope l1aulagc sy tem along the outside tram­
way to the washer and bunkers. 'f he operations axe carried on 
in a very mall scale by lea ers. 

J?ACJL"W COAS'J: COAL CO)U"ru'O:, BUlU(M'l"l'. 

'l'he original opening at thjs mine was a water-level drift 
on the Numbe1· 1 seam, east clip, on the south idc of South 
Prairie Creek [PLATE :X...,"{VI A], but this was soon followed 
by a slope in the coal developing two lower levels. These levels 
were extended to the south end of the property. A rock tunnel 
driven westward struck the Number 9l seam and Ule seams on 
the east dip were further developed from the e rock tunnels. 
Subsequently, a rock slope from a hjgher elevation was sunk 
to strike the Number 9l seam on the east dip. The lope was 
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Fm. 18. System of .Mining, Pacific Coast Coal Co., Burnett. 
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then continued in the coal across the dip to the second level. 
'!'his slope is now the main hoistjng way for aU the coal mined 
at Burnett, and is being extended to the third level. R ock tun­
nels on the elevation of tlie second level cut all the seams be.ing 
worked on both dips and serve as arteries to the main slope. 

'l'wo types of rooms are mined here. In one, figure 17', th~ 

chutes are carried up the pitch 8 feet wide on 50-foot center 
with a 9l5-foot pillar to the counter, and crosscuts staggered 
<:very 60 feet. The manway is 1 feet ,Yide all the way up from 
the gangway. Four brea t are mined, leavi11g a ~00-foot olid 
block to the next set. W hen the £our brea ts are mined, three 

pillars are drawn, all three at the same time and each pillar i 

drawn toward the chute on each side. Cogs are put in each 
crosscut as the room is driven up. On a heavy dip battel'ies 
arc used. 

in the othe\' type of rooms, figure 18, the neck is carried up 
8 feet wide to a point above the counter gangway where it is 
widened to 25 feet, the full width of the breast. The pillar at 
thi point is ~5 feet thick. A manway 4 feet wide is carried 
up on each side of lhe breast and on one side of the chute at 
the gangway. The pillar is drawn toward each manway. Forty 

per cent powder is used and all firing is done by shot lighters. 

GALI~ CllElEK COAL i\lf~ES COi\rPANY, WlT,KESON. 

This property is opened by a rock tunnel into the hiJlside 
to tap the Number 2 seam on which a slope is carried on fulJ 
dip to the second gangway. A rock tunnel west from this 
gangw-ay cuts the Queen gangway from which most of the coal 
is at present shipped. T he slope on the Number 2 seam is be­
ing extended to a lowe1· level. 

Breasts are carr ied up 0 11 fuU clip wilh w-idths up to 21 feet 
and pillars 40 feet thick Each brea t is drawn as soon a 
finished. Some dips are very flat and coal is bucked by using 
canvas on galvabized iron plate. 
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WJLKF..'0:-1 COAL & corm CO:\.ll'Al\Y, WLLKESON. 

The valley of Gale Creek cuts across the general strike of 
the coal measures and has exposed the seams in favorable posi­
tions for water level entries. In the early days of mining a 
slope was sunk on the Number S seam, east dip, and a gangwn,y 
opened from this. A slope was also sunk on the west dip of 
Numbers 1 and i seams and gangways opened. These were 

abandoned and since then each one of the important seams has 

been opened bj dri ft in the coal from the outside, or by cross­
cut rock tunnels inside the mine. No lopes have been unk 
on this property, as the lift above the present level has been 
sufficient to keep this mine in operation for many years. H is 

only a question of time, however, before development will have 
to be begun on lower levels. 

The methods of mining arc the same as those already de­
scribed, differing only in details of size of breasts or chutes and 
pillars. One modtfication, employed in tl1e very steep dip of 
East fl seam, figtue ] 9, is here noted . A chute 8 feet wide is 
carried on full dip up to the sixth cros cut above the gang­
way which is known as the second counter. From this counter, 
chutes are carried 4 feet wide on such angle as to give 45° to 
50° slope for easier traveling and for carrying coal and min e 
timbers. .Above the next five blocks is the tbird counter; the 
fourth counter is usually driven below the gravel cover with 
some coal above it to hold the water and gravel. T his latte1· 
counter is drive11 as a pair, witb crosscuts between, and chutes 
through the gravel to the surface for ventilation and for 
handling timber. 

· The chutes arc only driven 4 feet high, leaving coal on top 
which is gained on the retreat as the pillars ar e drawn . The 
pi11ttrs or blocks are 45 feet long on the dip, although the law 
allows a maximum distance of 60 feet between crosscuts. Bulk­
heads are placed at the ]owet· counters and sometimes blocks 
are placed at the bottom of the augle chutes to hold the coal as 
batteries. Wing walls are placed in the mamYays. The coal 
in the pilll'lrs and the top coal in the chutes are drawn in ad-
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vancing order of pilla rs, that is, the outside pillars arc drawn 
first. The piJla r, however, is attacked from t he inside and run 
down the outside chute, t he manways being inbye. Ou the 
ang le clrntes, a thin pilla1· S to 4 feet wide is left 011 the out­
side all the way up the block as a cushion. Cogs arc p1nccd 
in rnbbed areas. 

In the vent ilation of these workings, air from the urface 
chute i taken along tl1e upper counter where it is plit, one part 
going to t he narrow work or chute , t he other t o the p illar 
"'ork. Each crosscut is curtained off to keep the air tnvcling 
toward the working faces. In the chutes the air travels along 
the face cros cul:s down to the counter, thence to face of chute 

and out by way of the gangway. I n the pil1ar working , the 
air is conducted so that a block ,of coal is above i t, bu t a1low­
ing some a ir to leak t o the open g round be1ow it to the lower 
'p i1la rs from which it trnvcls by way of the counter to a half­
chu te and then out the main gangway. 

In t he E ast 3 scam, fig ure ~0, breasts a rc carried up the 
full dip 15 feet wide witl1 necks 6 feet 1V"ide, and pillars a re 40 
feet square with 4 foot crosscuts between blocks. Counters are 
6 feet wide every five blocks. T he breasts arc cogged 6 feet 
npnr t agaiust the ribs and the open space between is used as 
tl)e coal chu te. rrhe coun ters a re used for a irways and t raveling 
ways, and every fifth breast is left open fo r t raveling, the en t ry 
from the gangway is by a half-chute. Pillat·s a re dt·a11•11 iis 

already described toward the outbyc side as fast as the breast s 
r each the upper limit, and three or fou r pillars a1·e being drawn 
a t the same time. 

In the Southeast 2 ga11gway, figure 21 , chutes a rc car ried 
up 5 feet wide on the full dip with 40 foo t blocks. Cunvas is 
used to carry air and no wing wnlls are used . ija tterics nr c 
used at the coun ters, but the coal is drawn as fast as mined. 
The chutes are carried four or five feet high and the top coal is 
taken out with the pillars. 

T be W est 2 gangway is the ma in entry fo nll the scams c-x­
cept Numbe1· 4 and Number 5 which have separ ate entnmces. 



Feet 

S Coal 

2 Coa l . dirty 

1 L Coal nncl shule 

16 Shnle, rarbon­
nccou".t, 11n<l cold 

1& ('01111111<1 shn lo, 
CllrbOlltlt'(l()\l.~ 

IO ('0111 • .l/orth V, 
n11 c:I c11rbon­
,,.i!o1L~ shnlcs 
wllh coal 
hands 

C'on l, Wilkeson 3 

Foot 
6 t)lus Shale, sandy 

ij() /;1111<IRLOIIC, f•Oarsc 

04 l'i11nll~Lone, medium to conr,e 
grulncd 

2-l Sandstorw, meclium grained 

10 $1111.rstoue, fine grnlncd 

·JI Shnle, earbo11n<·eo11l! 
ii" Sunllstono. fine grninetl 

13 Snorlstone, ro1tr~e to fine 
gralne,1 

!16 Snn•l~tonn. conr,1c 

7 Shu le nnd coal 

HJ Xundstone, mcrllum groined 

8 Surul,<L(ln~. shu ly 

("ARB0NAD0. SEC'l'IOI> " M" 0~ RO OK 'l'U:XN.EJ, FROll ~OR'J'TI I 'I'() 
\ \ ' Tl,KES0N lJ SEAM. 

Feet 
10 plm Con, nml shale 

12 Coal. North IV 

12 Ooal, tforth T 

111111,1 
Coul, (1~m 

3,1 Cool, ~l orguo 

lh Coal and shnle 

14 Coul. Orulscr 

00,,1, Ununmed 

Pl.AU: XX 

118 Sunclstoue, coa,·sc 

9 Snn,Jstone, mct1h1m grnlucd conl 
otrP:tk 

. 
100 S11niL<,Lonc, flnc Lo coarse 

grnlnc<I 

Shale, snndy, leaves 

18 Snnd,tonc, medium grained 

r, Snndslonc, fine grnlned 
QonL s treak 

GO s,rndstonc, mcrlh 11n to ton rse 
grnlM1I 

19 S1101l~Lone, shnly 

7t $:11ul,1011e . llnc to mc,llum 
grnlnell , bottom Ah,lly 

8 Shnlc, santly 

28 Snntlston~. 111e.llum Lo llue 
gralnc,I 

10 Sunclstouc, shnly 

CARBOX.\'00. !-EC'l'ION " Q'', NOR'l' IT 1 ROOK TUNNJ•:1,. 

Columnar sections Carbonado fo rmation exposed in rock tunnels at Carbonado. 
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.A junction point in this gangway divides the trnn portation 
system into two parts, one of which serves the east side work­
ings and t he other tbe south operations. Steam locomoti,•es 
handle the entire output of this mine and bring the mine ca rs 
to an outside siding from which they are hoist ed to the tipple 
floor. The va rious rock tunnels crossing the seams are used 
for main haulage ways or as feeders to these. 

<'A1{130N fl rt,L COAT, COMP.H,Y, CAJIB0 XAD0. 

The mines at Carbonado, because of the folding and fault­

ing of the field at thts point, and because of t he topographic 
conditions, present many inter esting features of operation. 

Practically all of the ope1ungs are on the lcve1 of Carbon River 
canyon. Some openings have been made on the ten ace on 
which the town of Carbonado is situated, but these play no part 
in comparison with the lower workings. lVfany of the seams 
are opened directly in the coal, along the canyon walls. Others 
fll'e opened by rock tunnels front the river and still others have 
been opened from tunnels from the older seams thus developccl. 

Tl,ese mines l1ave stendfa t ly been the la rgest producers in 
Pierce County i:rnd their output has reached a total of nearly 
'1,000,000 tons. The. exhausti011 of coal r epresented by tha t 
fig ure indicates a great extent of workings. So we find that in 
this mine many lower levels have been opened by slop es in t he 
coal from the wat er -levels 6i·st developed. This is pa rticula rly 
true of the North VI, 1orth III, South I and South II mines, t he 
, vingate and Miller seams, respectively, which have produced 
the better g rades of coal. Steam locomot ives are used fo r bring­
ing the coal to t he washery, as well as for main transp ortation 
underg round. Electric locomoti\'es are u. ed as feeders to the 
steam system. 

The metliods of ,nining are essentially those followed in tl1e 
other mines akeady described. In the flatter seams the b1·east­
ttnd-pillar , and in tl1e st eep er scams, tJ1e chute-and-pillar sys­
tems u e employed. 

In North IV, figure flfl, the gangways a rc 1~ feet wide, 
counter 6 feet and crosscuts 4 feet. The pilla r above gang-
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way is ~5 feet thick a.nd the block are .J<O feet long up the dip. 
R oom necks al'e 4 feet wide and brea ts aver1tge 18 feet on 50 
foot centers. The manway i on the outbye side and canvas i 
u cd for b rattices. , heet iron chu tcs ~1 re used to run the coal. 
The breast is canicd on the full height of the coal and some­
times cogs are set on the way up. In dnrn-ing piUal' , the coal 

is taken off on both side to adjacent breasts. 
In North VI, figure ~3, the chutes are carried up 4 feet 

wide, all the way up tbc dip, jo the bottom coal 4 feet high. 

The blocks are 50 feet square. Sometime the chutes al'c angled 
to get an easier grade for the coal. Pillar are dTa\Yn on two 

ide to adjacent chutes. 
A modified system of longwalJ has been attempted in 

South IX. 

NOHTU \VES'l'En~ U.lr'HOVJ•:~rn:-.·.r l'O'.\ll' AXY, ~[[,;L:MO~·r. 

T he ig11eous dike which limits t he south side workings at 
Ca l'bonado marks the valley walls of the Carbon R iYe1· to a 

point near Me]mont. H erc a rock tunnel driven east cuts a 

number of sen.ms on a series of anticlines and sy1Jclincs. The 
au ticlina] scams have been worked up to their saddles from gang­
ways driven nor th. Number S seam is the onJy one wol'kcd at 
,1. lower level. A lope from the surface has been cauied down 
on the full dip of the coal and a. econd Ji~ worked from this 
northward m,til the "nose" of tl1e untic]ina l axis was reached . 
The slope is being extended to open grow,d fo r a new lift, but 
in sinking a faulted basin was encountered. All of the present 
production of this mine is from the N un1bcr S scam and is 
handled by skips in the slope. A pocket in the lope receive 
the coal from the mine cars which are hauled from the chutes 
by electric locomotive . 

The system of working is slightly different from that em­
ployed in the other mines. H er e the battery and block RY tern 
is used . In thi method a series of breast , nine in m1mbcr, arc 
worked, and an cqujva]ent block of coal is left between bat­
teries. The blocks a re sub equently mjned in the ame mannel' 
as the battery. .Breasts arc 18 feet wide on 60-foot centel's, flnd 
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tbe piJJars are 40 feet long on tbe dip. The breasts are tim­
bet·ed by cog sets, 6 feet quarc, along each rib and the piUars 
arc drawn from boU1 sides if conditions permjt; otherwi:se they 
arc run down the good chutes. 

'J'lll~ b'All!P.\.X ur:--1,;:;, INC., P.\ ll!F,L'C 

The pre eot mjaes a re i11 section 84. The old Section ~6 
mines have been closed and all the operations are on the new 
property. '!'he ma.in entry is a drift on one of the scam , from 
which a rock tunnel has been driven to cut acros a ync]jnal 
and an anticlinal axis wjth a series of exposed seams. The work 
on tbjs level bas largely been along development lines, but a 

lope i being unk to open the Number 2 or Ru t seam. All 
of the coa] from this mine is t111.L11Ufactured into coke. On ac­
count of the faulted and cru hed conditiou no . tandard system 
of mining is employed. 

This pl'Operty is opened by 1·ock tunnels and drifts driven 
from Evans Creek at a p oint about a mile from the Carbon 
River neAr F ail'fax and at an ele,•ation of 500 feet above Car­
bon Ri,·er. The chute and pillar system of mining was em­

ployed here, the chutes cutting across the full dip. The con.I 
was washed at the mine and delivered to the bunkers by means 
of a flume 4,000 feet Jong. This mine is doing only development 
work at the present time. 
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A. Site or Early Coke Ovens, Wilkeson. 

B. Col,e Ovens and Tipple, Wilkeson Coal & Coke Company. 



CHAPTER VI. 

COAL PREP ARATIO 

CONTROLLING FACTORS. 

Examination of the table of analyses of coals from Pierce 

County how a uniformly high percentage of a h. The lowest 
percentage on air-drjed coa1 is 6.13, the highest i 34.01. The 
average on 48 analyse , inclucling the above figures, is 15.'16 
p.cr cent. If we omit the 34.01 per cent re ult, the next lowest 
high-a h i ~4.10 per cent and the avel'!l.ge for 47 analyses is 

15.87 per cent. These figures are all for lillnc samples taken 
Lmder uni£orm condilions everywhere, and "all material jn the 
bed was included except pa.rtings, lenses, and binders more than 
three-eighths of an inch thick and Jen es ot· concretions of 'sul­
phur' or other impurities greater than 2 inches in maximum 
<liameter and half an Lncb in thicknes ."• Under the. e con­
ditions the sample so taken .are probably better snmples than 
average mine rw1, a11d they are probably much bettcl' than the 
average washed coal. Sulphur nm s less than 1 ~er cent and 
is not an important factor. 

Those who are familia r with the methods of mining the 
pitching seams of Pierce County know that everything in the 
chutes and breasts goes to the washer, including all of the bands 
rejected in the above mentioned method of sampling, togcthex 
with cap and bottom rock which cannot be handled except by 
scodi11g it with the m.inc-run. In 10any ca es all of this material 
goc directly to the washers without preliminary hand picking. 
rrhc greater part of the non-carbonaceous material is removed 
hy washing, but a Large part of the original ash content of the 
scam pToper cannot be removed becau e the ash i present as 
fine band separattng the coal and because the coal itself is 
high in original ash and in econdary a h due to the n.ccumula­
tion of fine ilt thnt was intimately mixed with the vcgetal 

•u. S. Oro!. Survey. llnlletlu 474, Coals of the State or Washington. E. J-Jg. 
glc~ton Smith. 
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A. Lady Well i ngton Tl1>11le and Bunke1·. S11lketon. 

B. Pittsburg Slope. SplkeLon. 
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matter at tl1e time of deposition of the coal beds. TJ1e coal 
washing process is essentially the removal of the thicker bands 
in the coal seams and the elimination of the foreign material 
obtained in mining. The problem of reduction of ash in the 
coal itself is a second phase of the entire question. 

The refuse in eastern coals will run as low as 6 per cent; in 

Washington the figures are from 15 to ~O per cent, with many 
single operations showing refuse in even gt·eater quantities. 
The problem of 1·emoving the heavier shale and sandstone from 
the coal is simpler than the problem of getting a low ash prod­

uct from the coal and bony coal. Separation at 1.7 specific 

gravity will eliminate all rock but will leave the bone and bony 
coal whfoh is high in ash. In order to get ash low enough to 
pas commercial requirements the coal must generally be . ep­
arated at 1.5 specific gravity. These figllres arc general and 
only float-and-sink tests on the various sizes from the individual 
seams will determine the proper washing point. The separation 
problem is further complicated by the practice of mixing coaJ 
from scams ha ving widely differing washing properties. 

T ests Lndicate that the finer sizes of P ierce County coal show 
a lower percentage of ash than the coarser sizes. T his i. highly 
important from the stnndpoil1t of a coking coal but it doei:; not 
solve the problem of domestic a nd steam coals which nrnst be of 
larger size and which therefore htwe correspondingly greater 
natun\l ash content. 

OUTLINES OF WASHING PLANTS. 

Pt·actice in w11shing coal varies widely in detail . In general, 
the mine-nm. is screened and the larger sizes handpicked and 
shipped as ] ump. The fiJ1cr izes are sent to tub 1rnsber , or to 
jigs, or these may he combined so that the tub product goes to 
jigs. Outlines of some of the washing plants are given, page 
103 to 11~, and the exact procedure in each case can be worked 
out. It 1vill be noted that all of the PieJ:ce County coal is wa heel 
with the exception of the output from the Mclmont mine whose 
washcry was burned itncl not rebui lt. 
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Because of the conditions pcctLliar to ,va. hington coals, tltc 
problems of washing arc local anil individual and the method 
in use in other parts of the count ry will not apply unless modi­
fied to meet these local ronditions. Not enough study has been 
gi ,·en to the problem, nor has sufficient cxperimcntoJ work been 

done to determine the be t methods of washing. Such inve ti­
gations arc co tl_y and coal operators do not fce1 justified in 
making the expenditure. ,Just so long as they can keep their 
market satisfied they arc content, but future competition will 
undoubtedly force better prcp1mdion of merchantable coal, and 
operators will recognize the value of n "pure coal" . tanrlard 
wl1ich ,rill be uniform nt all times and comnumd as much con­
fidence a the stamp " terling" on silver. Othcrwii-c the.y must 
be prepared to meet even gre11~cr eompetition from coflls mined 
outside the state und from the use of oil. 

rr he W'l'i ter heJic,·es th1\t t]iel'(' i,; lllllple opportunity to im­
prove tl,e gra<les of <lon1estic and steam coals in spite of t11e in­
hcrent n ifficulty in washing these sizes. Undoubtedly the com­
llll·1Ti1tl si?:es can be more efficiently washed and c1eaned to re­
move the adhering hm, ds of bone an<l sl1ale which now r emain 
in the coarser p ieces, but this wi ll be none at t l1e expense of 
).C reening n.nn crushing and ll'ill result in produc·ing mo re coal 
of finer sizes . T l, is will he <lc:;irnblc from the standpoint of cok­

ing, but from the dome,; tic 1111d steam standpoint it introduce 
cl ifficu I tics. The c, ho\l'('vc1·, can be overcome. The fin er sizes 
of co~,1 tu e more 1rncl more being 11 '-ecl under hoiler:- nncl the price 
of high-grndc· c·oal in these !;izcs will undoubtedly 1·isc. At the 
present time a lnrgc percentage of fines :u·e mane in the min ing, 
in tr11nsporbttion clown the dmtcs, anrl in the Yarious opt'rntion,; 
of prl'paration. This perccnb1gc will be inc rensetl b,v the ftir­
thcr crushing, sc·recni ng anti i·cwashing suggested as a rncans 

of getting a p roduct lower in ash an<l l1ighcr in British thermal 
units, hut tl1c fine C'Oal 1rill he better suited to C'oking. T he ti:;c 
of concentr.;tting tables is suggested 11s ~t means of recovering 
very fine co1,l or sludge of low ash c·on tent. Briquetting mrty he 
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A. J\Jelmont Mine. l\[el monl. 

B. Surface P lant, Fairfax M l11e; Fairfax. 
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considered fo this connection as one solution of the problem of 
disposing of fine coal. 

In 1908 and 1909, the fuel testing plant of the United States 
Geological SurveJ at Denver carried on a crjc$ of washing 
and coking tests of coals.* Among the coal tested was a con­
signment of 50 ton of run-of-mine from the Number 3 Wilkeson 

bed at Carl)onado. The results of the washing te t are tnbu­
la ted on pages 11 S and 114. 

*"Washing und Coking Tests of Con.I at the Fuel-tc1-ting l'lnnt. Denver, 
rot .. July l. LOO , to June :30. 1900," by A. W. Belden aucl others. Burenu of 
)l ine11. Bullefi11 5, l)P, 1t\. 32-3S, J!llO. 
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•r.,n,,F: r.- rm:rn1u1 DA'L'.\ o~· w.,surxn 'l'FSTs. 

-
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'l'.\IlLE !IL- RAW OOAL PLOA'l'·A~D-SL'iK 'l'J,S1'S. 

Percentage o ! Flout-Ooal Analyses 
Den- Maxi- J)e()iHC (dry basis) 
ver '.!.'est No. mum grn-vlty of 
No. sl.ze of solution 

cool IIE-Cd Floot Sink Nh S11l1ilt11r 

---

20 173 ~ inch 1.35 J5 55 1.18 .~!l 

]74 ~ Inch 1.H 00 ~o .81 .51 

175 a 1nc11 1,!5 60 3-! 9.5t .48 

I 176 ii inch 1.54 70 24 10.17 .51 

'!'All.LE IV.-REFUSE FLOAT-Ahl>- INK 'fESTS. 
-

Percentage of Float-Con! .Analyses 
Den- Uetuse t.rom Suecrnc (dry basis) 
vcr wosbJng '!'est No. 1rruvlty of 
No. test No. solution 

used Flont Sink Mh SuJohar 

--
:!O r 1&> 1.35 ,I 90 7.08 I.Oil 

204 roo J.42 11 S9 8.46 .ff/ 
101 l.46 ]3 87 9.97 .93 
19'2 1.55 20 so H.00 .SI 

J100 1.35 8 m 6.20 .00 
26."> 194 1.42 

I 
ll S9 9.$1 .&, 1105 1.46 15 So 9.00 .00 

JOO 1.65 16 81 15.28 .72 

f~ 1.35 JG 8-1- 7.73 .4S 
200 l.~O 19 81 10.53 .ro 

l ro; 1.46 

I 
28 n 12.26 .51 

206 1.55 3'.! GS 16.39 .56 

·rABL.E V.-'RA.W CO,U , SOU.Er:1'1'1NG 'l'F.S'.r. 

Denver o,·er l:k Through 'l'hrough l'' Through f ' '.1.'hrough &" 'l'b.rongh ii'' 
No. inch U" and and and and nnd 'l'brough f' 

0\-rer I" o,1er !" o,-re.r l" over r over !" 

20 ····· ······· ············! 2 14 7 21 00 

DENVER W ASBrnG TESTS. 

"T he tests on Denver Numbe1· ~O compare fairly well with the 
float-and-sink tests, though they could be slightly improved with 

more careful jig adj ustmcn t." 
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A. Valley or South PraiT·le Creek, Burnett. 

B. Tipple, Pacific Coast Coat Company, Buruelt. 
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A. General View of Washer and Ovens. Wilkeson. 

B. Boiler House and Washer, Wilkeson Coal & Coke Company. 



C'HAPTEH YII. 

COIGNG. 

GENEJRAL S'r A TE.lfE?\T. 

The coking cOt\ls of Vr11.shington a rc the only ones of thilt 
grnclc on the Pacific <.'oust. The first coal coked in this stute 

WM made in 1884' in pits 11t the rl'acoma Cord Company's prop­
erty at Wilkeson . )fore pit coke wu,; made in 1885 nnd in that 

year two ovc11 . were built. [P1-AT1;: XX\'III A.] Since that chty 
the coking industry has been carried on continuously in Pierce 

County. Some of the northern co11l districts of the state erected 

conl ovens and made coke but appitrcntly were not successful, 
for we find these abandoned and since 1900 the field has been 

left en ti rely to the Pierce County operators. 1\Lbk \'I gives n 

summary of the statistics of the production of coke in the state 
from 1884 to 1912, together with data ou the iuuount of coal 

used, the yield in coke, and the avemge vnlues of the coke pro­
duced. Pierce County hi.ls ~82 ovens, 232 of which ine 1111\king 
coke at present. 

Practi cally u11 of the coke is made from washed coal a nd no 
111inc-run is used today, although in earlier days in the northern 

field this wus attempted without success. rrhc percentage of 

ash jg higher than in eastern coke, T,mging from 16 peT cent up­

ward, but sulphur and phosphorus arc low. The coke 111adc is 

firm, trong, and heaxy, and is suitable for foundry and smelter 
purposes. At the present time this coke i;.1 mainly used at the 

Tacoma srnelter, some is shi pped to the C'tdifornia srnclter ::i, and 
:,,Ollie to the Granby smelter in 13'-i tish C'olurnbin. 

The ovens employed arc all of the beehive t)Tpe. [Plates 

XX VIII B 1111d XXIX.] No by-product ovens tt re in use, ttl­
though the po sibilities of tbis method of coking have been Mn­

s idercd. Some oF the eotds from the field a rc used in gllS uumu­
facture, y ielding bench or retort coke which i. ,;old for domestic 

consumption but which is not suitable for metallurgical pur­
poses. The cha rges yary from 10,000 pound· for 48 hour coke 
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A. F'irsr Coke Oveus in Washington . W ilkeson. 

B. Col,e Oven Plant at M outezuma. 
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to 14,000 pounds for '7~ hour coke, and the yields areragc be­
tween 60 and 63 per cent. Sonic 96 hour coke is made. 

R esults of the coking tests, already referred to, on the No. 
:3 Wilkeson scam from Carbonudo a rc g iven in the following 
pages: 

1SSI 
JS..~ 
JSSO 
188'1 
1SSS 
1889 
1890 
1801 
189'l 
1800 
IS'J.I 
1&);°; 
1800 
lSOi 
LalS 
JS99 
JOOO 
1001 
JOO'l. 
1003 
l!IW 
1903 
1000 um 
100, 
1009 
1{/10 
1011 
JOJ.2 
1913 

'l'AllLf) VL 

S'l'.\'l'ISTTCS OF Tm, PRODUC'l'ION OF COKE IN W.1.S1ll:.'«Y1'0S FROM 
18SI TO 1913. 

-
OVENS •ro1111 V1llOO 

Eillob- Ool:e vnlueof of coke Yield 
Yenr llsb- Cont used proclnced coke nt nt ot con I 

ments Built BuncJ. ovens OVCOS In coke 
Ina 11or ton 

-- ----
Short toos Short toll.8 Per c't. 

·········· 1 0 0 700 100 $1,900 4.76 57.5 .......... l 2 0 &i.J. au 1,477 4-.75 57 ....... ... 1 11 21 1,400 82;; 4,12o 5.00 58.9 .......... l 30 0 22,500 H,8$ 100,37;; 7.00 GS .......... l so lOO 0 0 0 0 0 
.... ....... l ao 0 o.i& 3,!lfl 30,728 8.00 r,.; 
.......... 2 80 so 0,120 o,837 46,006 8.00 6-l 

·········· 2 00 0 10,000 G,000 42,000 7.00 00 .......... 3 84 30 12,87'2 7,177 50,440 7.00 58 .......... 3 SJ 0 11,:n,1 6,731 3J,207 5.06 00 
.......... 3 SJ 0 8,003 5,246 18,249 8.48 61.2 

·········· 3 uo 0 22,073 15,129 Usl,632 J.27 65.9 
.. ... ..... 3 120 0 3$,(18.'; 25,9,,19 lo.l,S!>J 4.04 <rl .......... 3 120 0 ~.124 26,lSO 11;;,,;,.1 4.4:2 IJ1 ......... . 2 90 0 ~.569 SO, 107 1.28,933 1.27 02.2 .......... 2 00 0 50,Slll OO .S72 151,216 4.98 (19.8 .......... 2 90 0 64,310 33,387 100,166 4.70 01.5 .......... I 148 100 'iS,300 49,107 230.l>'>..8 ~.SI 62.1 .......... 6 231 0 68,540 -I0,805 100,195 !.Ol ~-8 .......... 0 256 0 78,UO 46,0'23 1!H,771l 4.71 (l'Z.4. .......... 0 266 0 70,900 45,43-2 207.357 4.50 00 .......... 0 216 0 85,715 63,137 251,7]7 4.74 02 .......... 6 210 0 70,800 46,6-12 2:?0,977 -1:.00 60.4 .......... 5 216 0 85,~ 5"2,008 200,019 5.6S 00.6 .......... 6 231 liO 68,000 38,889 213,188 5.•18 ffl.1 

·········· G 2S5 0 69,706 42,Ml 240,8» 5.60 Gl. 7 
......... . 6 28, 0 Ol,223 60,837 8-17 540 6.80 03.0 ......... . 5 235 0 60,201 40,180 210:262 5.38 00.G .......... 6 313 0 78,000 40,200 270,105 6.67 62.6 .......... ········ ........ ........ ............ ............ ............ ........ ........ 

1 - 4 ,2ot,2 7 ,t 226 77. 

• "From u. s. Gcoloirl~nl Sun•cy Re11orts on MJncrnl Rt-sour,-cs ot tho United Stntes. 



l:ll'T.l,Wl'IX N\J. 10 PLAT!-: XXIX 

A. Carbonado. Coke Ovens Under Construction. 

B. Carbonado. Coke Ovens and Coal Bins. 
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DENVER COKING TESTS.• 

"The coking tests were cu.rried on in bl-o beehive ovens, (one 
7 feet high by rn feet in diameter, the other 6 feet S inc hes 
high by rn feet in diametei-). .A II COili was finely crushed 

through Ii rennsyln1nia hammer crusher. rrhe sampling of 
coil I tmd the handling of till.! oven were as follows: 

Iloth the door and the trurrncl head of the O\'en were ahrnys 

dosed directly after the oven was drnwn and it was allowed to 

gather heat, the length of time varying us necessity demanded. 

The avemge time was one and one-half hours. 
The sample of coal was taken at regular intern\ls, as tl1e 

churge wits emptied from kil11 to la1Ty, by means of 1\ srnall 
s lun·el l101ding about ouc-fourtJ1 pou11d. Tl1c totlll weight of 

the sample a\'ernged 45 pou11ch:;. 

The sample of coke \\"'ns b\kC11 fro111 fh•e different parts of 

the O\'en, HS near!.)' as possible from the same location for cac·h 
test, as follows: 2 feet from the o,·en door; 2 feet from each 
s ide, on 11 line drawn from the center of the oveu; at the ("en­
ter; and Q feet from the bRck wall, on II line w·ith the point of 

selection of thL· pieces taken from the door Rnd the center. 
The sepurate pieces of coke extend<'d the whole height of the 

clunge nn<l were as ncnrl_v uni form in size ns possible. 

The percentage of coke rcn1aini11g on n. ~crecn " -itb ~ inch 
mesh, 1\ftcr four consecutive six-foot drops without intermed­

iate screening, ns well as the percentage after each drop, is 
given in tbe Inst jtcrn under " Physical properties of coke." 'I'he 

nrst four items represent the pcr("cntngc fi-0111 each scp1lrntc 
drop with all material less than Q inch scTce11ecl 011t, t lw fifth 

item the percentages nftcr four conse{'ll ti ,·e dn,ps, all muterilll 

being rett1rncd each time. "Cell shudure" refer s to the general 

nppearancc as to 1,ize Rnd not to the number of c·cJls 1i,; given 
by percentage of cell;; b.v volume." 

• W>lshlllg nnd f'oklog •r rsts of r,,0.1 nt tbr P11el·'rl'stlng l'lant, D~l'.lvN·. 1·01. , 
.Tuly 1, JOOS. 10 .run,• :10. l!lO!l. llur,,,1 u or )fin~~. null. .;, 1111. Hi, ,lil. 17. ;;, • 
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TABLE VU.-OOKING- 'l'ES'l'S, DENVER NO. 20. 

Dato ...... . ................................. . 

Duration-hours 

Size, 

11-7-0S 

38 

As shipped ............................... • r. o. m. 
As used .... ..... .... ...... ..... . .... .... . w., n. c. 

Coal churged: 
Wet-,pounds 
Dry- 11ooncls 

Co kc produced: 
Wet ........................... , pounds 

per cent. 

Dry ............................ j pounds 
I per cent. 

'l'otnl ylchl: 
Wot ............................ ,l!llr ceut. 
Dry .................... .. ........ f)~r oonl. 

Physlt11 l properties of roke: 
Sp!!<'Ulc gravity 

Apparent ............................ . 
Renl ....... ........ .................. . 

Volume: 
Coke ............................ per cent. 
Cells .................. .. ......... J)er cent. 

Weight per cubic root: 
Wei ............................... pounds 
Dry ....... .... .... ........... ..... poun(ls 

6' dJ·on test over 2" mesh: 
1 ..... . ................................... . 
2 ......... . ... ........ .... ... . ............ . 
3 .......... . .............................. . 
4 .. .. ..................................... . 
i') ••••• . •••• • ••••••••••••••••••••••••••••••• 

• r. o. m., run ot mine. 
w. , 11. c., woshed, not crushed. 
11•., {. c., washed, 6ncly crushed. 

10,5&) 
0,007 

6,6&1 
62.89 

&,s.;o 
6.US 

<lo.51 
'il.O'Z 

1.03 
1.05 

5.1.00 
17.00 

9'2.(» 
03.25 

117.00 
00.00 
03,50 
91.00 
9.'l.50 

288 

11-0-08 

r. o. m. 
w., r.c. 

12,400 
11,403 

7,050 
6Ul 

7,ros 
69.25 

00.00 
'11.00 

1.10 
1.99 

55.00 
.«i.00 

00.00 
68.47 

()3.00 
~.00 
96.50 
91;.00 
!n.GO 

11-10-08 

72 

r. o. m. 
w., t. c. 

16,roo 
15,139 

10,850 
03.00 

10,305 
68.07 

o;;.& 
10.00 

l.00 
Ul7 

00.00 
45.00 

95.76 
111./11 

07.00 
9-i.OO 
92.GO 
SS.00 
93.00 

290 

11-12-0S 

r. o. m. 
w., t. c. 

12,300 
11,rus 

8,100 
05.85 

8,0lll 
ro.oo 

()8.25 
72.08 

1 .01 
un 

63.00 
47.00 

9 1.ll 
0.1.Sl 

!lS.00 
00.00 
00.50 
91.00 
9'2.50 

RE.MARKS: Tcstl! '!S7 nnd 288: Light grny nncl sll\'Cr)'. Brcnkuge good. Cell structure 
n IJttle smnll. Good, stl'ong, hcn,•y coke. 

'l'csts 289 nnd 290: Light grny nud silvery, lo.rge dcooslt of carbou. Brenk­
nge good; Jong, lllri:e pfeces. ClllJ structure ~mnll, dense. )letallfc ring. 
Good, hnrcl, strong, hcnvy coke. 
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'!'ABLE VHL- 0U£M IO.\T, A..~AL\"SES. 

Test Lfibora- Moisture Volatile Fixed .\sh Sul1lhur I Phos-
No. tory .No. matter carbon Jlhorus 

---------1--
r$-D Oool .... ,Wet l>.2D 20.12 49.&J ll .S-2 O.ol 

Dry 32.07 !>l .01 13.02 ./j() 
287 

l'i90-D Coke .... I \\ct 1.57 2.00 78.ll 18.20 .57 .o.wo 
I Dry 2.06 70.81) 18.55 .~ 

[788-D Coal ···· 1 Wet 7.00 30.32 ~7.01 u.:n ,5() 

~ l>tY 32.70 51.51 15.70 .61 
2S8 l 79J..D Coke .... f Wet .15 .w 70.51 20.18 .60 .~77 

!Dry .16 79.6$ 20.21 .00 

f79l·D Con! .... !Wet 7.12 20.12 50.91 12.82 .53 

t7~D 

t Ory 31.36 6-[.~ 18.8> .67 
281) 

Coke . . .. f Wet .~3 2.SJ 7G.S0 19.90 .oo .0079 
tDry 2.82 i'i.H 20.0t .55 

f 795-D Oonl .... I Wet 5. 3'1 30.00 52.57 11.16 .53 

l Dry ..... :~··1 32.08 00.52 U.80 .56 
200 

18'.>l·D I Ooke .... !Wet .71 &>.99 18.27 .+.I- .0181 
L I Dry .......... .'11 SI.OZ 18.27 . If 
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A. Miners' Homes, Btu·nett. 

B. Carbonado Townsfte. 



CHAPTER VlU. 

ECONOiUIC CONSID1<.:RA'£IO.N 

TRANSPORTATJON. 

The .Northern Pacific R ailway tap· the vn rious mines by a 

::.cries of branches und spurs which unite all of the to,rns. The 
principal coal branch line joins the Buckley hrnnch nt outh 

Prni rie, but:. another branch which sen·es the shipping hunkers 
at C'arbona<lo follows down the Carbon River to Crocker on 

the Buckley b1·.lllch. This brunch connects with U1c main line 

nt Puyallup nncl gi,·cs direct service to ti<lc water at 'l'a<'oma 
and eA.ttle. 

MARKETS. 

The principal market for P ierce Count.v coal is in we$tcrn 

W tlshington, both for local consumption 1rnd for the stcum hip 
trncle. The stcnm hip trade 111a_v he divided into the con~twise 

und tl1c foreign. Some coal is sh ipped to Oregon ,tnd Alaska 
and during the pitst year tl1e strike in British C'olumbitt opcmcd 

n temporary market in tlia.t province for ,vRshington coal. The 
coke is used for locnl foundry purposes, the T acoma smeltc1· 
tnkcs n considerable portion, some is sh ipped to tlw smelters in 
California and n new market htt been opened in the new GrM­

by smelter at Anyox, Britisl1 Columbia. Yery little coal, if any, 
i;. sold c1i~t 1)f the C'ascitdes. 

C'oal in western V{ushington is used mainly for steam gen­

crntion, domc,-tic consumption, coke 111anufact11re find lhe pro­
duction of illuminating g1is. Cheap electric power and the 
competition of California oil have served to reduce the local 

clemnncl for steam coal and latYC prnctirnlly el iminated Hut trn<lc 
with nearby stntes. The demand for coal for domcsti<' uses is 

fairly steady, al tlioug-h subjctt to »Nl. onn I variations due to 

Puget Sound weather. 'l'hc constuntly inercasi11g use of elc<·­
tricit_v in the home for botl1 cooking and JighHng 1dfccts not 
only Hie domestic trade but also the demand for coal for gns 
making. The retort coke manufactured in the proccs. i. not 
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suitable for metallurgical purposes and ca11 only hi•w c a li!llited 
use in indlustry for power production and soruc domestic use. 

Beehive oven coke will always be in demand because there is 110 

other source on the coast thnn in this state. As far as can be 

learned, no v\Ta hington coal is u. eel in the chemical 01· mctal­

lUL'gical i11dustricR, except in connection with the iUmninati·ng 
ga indu try. Yery little coal i: used in gas- producer pl1Lnts, 

although thi field of operation open. many attrnctivc possibil­
ities, and there ,arc no by-product coke OYens on the Pacific 
coast. 

The coal trade is capable of great cxp1msio11. Mo t of the 

mines are equipped to give greater output. than the markets 
dcma11d, but the plant are idle during many days of the year 
and the operating efficiency is, therefore, low. The ,1•1.1 te i11 
mining and washing is very high, and only the higlJer g 1·adc 
coals may he worked. The coals high in aslt and much of the 

refuse made in wash ing could be ccono111ici11ly used iu gAs pro­

ducer s eitD1er for fuel or for power in internal combustion en­

gines. By-prodnct producer plants "·oulcl solve the problem of 
removing the valuable chc111ic::i.l components and giving tbe gas 
better value as heat and power producers. Undoubtedly some 
of tbc fu1c1· s izes of coal which 1u·c now wasted in washing cl\n be 

. old at a figure which will offer inducements to power plants to 
ins tall proper burning devices. ,vbether briquetting, a~ an in­

dustry uti lizing these coals, . ucceeds will depend largely on tlic 
cost of manufactm·c of merchanbtble product. _,,U the present 

time one compm1y is manufacturing briqurttes from ~711shjng­
ton coal. 

I n the field of hy-product coking the c1ues tion is largely 
one of economics, involving the clistl'ibution a nd sale of the gns 

and the development of chcmicnl industries to work up t.he tars 
and oils And other vnlu.iblc products. The Pierce County coal 

n1eets the requirements of a metallurgic1tl coke, at present 

largclJ wed in copper and lead smelting and in foundry wol'k, 
and there seems ]jttlc doubt that it will be satis facto1·y coke 
for the ma nufacture of iron in blast fu1·11accs. 
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OPERATION FACTORS. 

'!'he influence of railroad building in the development of ll 

coal field is most clearly een in the case of Pjcrcc County. The 

No1·thern Pflcific R ailway had built it. line to T acoma. and the 

bra nch to ·wilke on in 1876, giving this locality an eady start 

ahead of its neighbors in King and Kittitns counties. The re­
suJt is evidenced in the steady development of the mines in this 

fie.Id which we1·e opened at this time and the prncticaJ limitation 

of the area. o f ope rations to points sen ·ecl by the railroad . A I­
though geologic influences have had n great share in determin­

ing where mines shall be opened, the question of railroad trnns­

portation ha been equally important, .and today we find operat­
ing mine. only ut those points in the northern part of the couo­

t.v where both factors have been favorable. 

The hcaYy fores ts supply an abundance of timber for miu­
ing, which is a factor of great impo1·tancc in the mining of 
steep dipping se1'lms of variRblc s tructure. The methods of 

mining now in operation insure ti high recovery of coal, except 

for the n1cchanical losses involved when the coul is 1·emo,·cd in 

drawing pillars. Tl,is would not he possible without an a.dc­
qmttc supply of low-priced timber. 

L ubor conditions have generally been favorable in this field. 
fo the early du.vs some Chinese were employed in the mine;: but 
these soon g iwe wa)· to white labor, which rules today. Oc­
casionttl hibor disputes and strikes have occu1Tcrl, but they were 

of short duration and hMe never completely tied up the in­
dustry. The field, ns a whole, i organized undc1· the jurisdic­
tion of the United l\Iine Worker,; of Ame1·ica, a.nd mige:- Rnd 

condi tions of labor arc fixed by agreement with the coul opcrit­

tors' <1ssociation. Climate a nd ljving conditions Rre far u­
pcrior to many of the coal fields of the country, and wage are 
the highest of any in the United Sh1tcs. Just as wages are 

· high, so i» the average price p er ton of coal at the mines of the 

state, which for 19m is given as $~.S9, the highest figure for 
any state exC'cpt Oregon, which has ll very limited production. 

The a.vcmge number of daJS worked in the proclucing oiincs in 
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1913 was ~'1!5 and the number of men employed was 156~. Six 

men were ki1led and ~4-l< injured. 

PRODUCTION RECORDS. 

R ecords of p roduction of coal arc g iven 111 the appendix. 

'l'be 6gm·cs fo r coal have been compifon from the reports of the 
tutc Inspector of Coal Mine . These figures do not exactly 

tally with the figures given by the U. . Geological urvey in 
.)Jineral Resources of the United States, which arc given in the 
table on thi, page. Pierce Cou11ty rank third a111011g the coal 
producers of the tate, he.ing urpa . cd by Kittita and Ki ng 

countie . In coke production Pierce lead all countic , and at 
the pre crnt time is the only coke producer CHI the coa. t. 

'T'ABLE OF COAL PRODUCTION, PIERCE COUNTY. 188~ 'l'O 1912.• 

Years. s1,ort 'l'on.s. 
Jan. 1, 1884.-Nov. l, 1884................ 267,884 
1886 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199,262 
1887 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229,785 
1888 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276,966 
1889 . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 273,618 
1890 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285,886 
1891 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271,063 
J 892 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :}64 ,294 
1893 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408,074 
)894 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -106,831 
1895 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -137,029 
1896 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -119,568 
1897 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 458,394 
1898 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 609,1-12 
l 899 . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 506,385 
1900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577,127 
J 901 . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585,984 
1902 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383.003 
J 903 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 572,800 
1904 . . . . . .. .. . . . . . . .. . . .. . . . .. . . . . .. . . . 531,589 
1906 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -I 79.912 
L90G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513.639 
1907 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 572,169 
1908 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 551,678 
J 909 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 609,467 
19] 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 786.096 
1911 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 783,196 
1912 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 788,293 

13,049,704 

• l•'1·ow U. ::;. Ocologlcol ~u1·,·t>y Rc11orts on )llnProl H•·~onl'ces of the 
l'n ited S111tcs. 
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FUTURE PROSPECTS. 

TJ,e devdopnicnt of the Pierce Couuty fide! will continue 
nlong the lines idread.v established hy the older producing com­

panies. Mines already in operation will extend their workings 
to lower Jeye]s an<l in some cnses will open up new sea111s, but 

the main line of itttack ttre Ltlrencl_y fixed. t{ew mines n11l_y he 
opened, hut the number ,viJJ be fo,v and these wi 11 be confined to 
the no1·them part of the county. Although lnrge areas of coal­
bearing sedimentarics arc present in the Puynllup-Nisqually 
.nea ill the southern parL of the county, the~e coals nre of in­
ferior grade, they are more disturbed structurally, and t rans­
portation i lucking. '£hesc fuclors itlone, c1·cn wilhout the 
other:-. which lrn,•c i;crved to define the line of openttions in the 
W illwwn-( 'arbonado field, would be ~ufficien t to hold bitck the 
~xploitation of these southern areils. 

In ncklition to the fitctMs nlrcndy discussed, one or two 

others It.we tlll important plaC'e in determining the future of 
th is 6elcl. Cidiforniu. oil is rn.picUy displacing coal in steam 

plants, both on Janel and 011 steamships. R ailronds, power 
plants, and industrial plnnts arc substituting the cheaper oil 

for the more expensive coal 'fhe bahrncc in economy is . til l, 
thcorcticaJJy in favor of oil and \\~ill probably continue for some 

time. This means that the market for ste1rn1 coal will diminish, 
imd thC' clor11estic coals will have to make up for the le:1senecl <le­
mnnd. Steam con! m11y recover part of its loss if it he!lt con­
tC'nt is increased hy more careful washing, a nd the dome,,t ic 
market will oul_v lie umiutftincd so long ns the coal sets n better 
standard than competing coals. Dut the cok-i11g coiJs furnish 
the greatest my of hope in the consideration of the future. • o 

long as it demand cxii;ts for metallurgical coke this field wiJI 
continue to maintitin a stead.,· production, and unless the l1ighcr 
grn<lc AJaska coAls replncc it, coke n,adc in Pierce C'onnty will 

find t l constantly increasing market in the industries of !he 
Pacific Con$t. 
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APPENDIX A. 

Plf:R.CE OOUN1'Y COALS.- 'l'Alll.E OF Cli£MIQAT. AN A l.YSF.S.• 

I 
SAMPLt•: I I ___ P ROXf~LA'.J.'E (TLTTMA 'I"F: OALORf ll TC 

Air- \' A l ,U I~ 
LOOALI'l'Y, llF.D, .E'.J.'0. J L1tbo- l Con-· Vo ln - Fixed Hy· tlry-

rotory Kind di- Mols- cue <'OT· Asb Sul- cir()· O or- Nll ro- Oxy- Ing Cnlo- British 
No. tlon turo mnt- bOn pbur gl!tl bon gen gen loss ries cl1erm1~1 

tcr units 
- - -------- ------- ------- -- - --

Ashford. see. 2'2, 'J'. 15 ;;. , R. ll 1~ .. ~ln~hcl 1ninc, end o f gnng- 1 O,SS4 I n I 1.11 24.88 1-1.75 20. 76 . •11 •I. ~ 58.lfl 1.;ro $ .01 2.6 5,710 ]0 . 291 
wny , 1,40<1 fl'ct from cntrnncc (lower bou<;h, 61-lnc•h 2 ...... 25.-1;{ 16.00 27 . 9J , •[6 t.lY.! 1:0.61, 1.~:; ~ -j() ...... 5,0(14 10,,3:; 
rut) . 3 ······· 3.';.$ 64.i2 ·as:oi· .6-1 !;. r,s s.1. 1;; 2.01 i.62 ..... . S,273 11,$01 

Snme (11111:,cr bench. JO -fccL 5! inches, o-root ll~-lnch cut) . !>,SSS 8 l 1.02 22.()() 35.IH . ()8 S.60 16.!)(i l .2'i 9 .37 2. t l ,On S,JOS 
!! ...... 22.9".? M.15 :J9.63 . 71 $ .llS 46.92 1.82 6.l)J ...... ,l,$1J7 8. 761 
3 ····· · 37.117 62.00 ... .... 1..8] 6 .00 81..01 2.10 0.00 ...... S,002 1.1. :,12 

7 mlk•s or i<cc. 20. "J'. l o JS .. R. 7 F.., l.ongm!rll r,ros- 6 . IS/l 

u 1 1 
9.4l 12. 78 51.31 26. 60 .37 ...... ······· ....... ...... . i.1) fi,251 0 . 1"2 

1>crl (39-!uch eu~). 

B ; 

..... . ]~ .11 56.&J 20. 25 .,n ...... Q, 7fn 10. 13.; 
10.01 S0 .00 .... ... .58 ...... ······· .... ... ···· ·· · ...... S,ltr.l U , 7 17 

Burnett, soc. 10, 'I'. 10 N., R. 1; E., Burnett mine. level 2. 0,1'86 7.'i2 a1.3'l 16.67 Jl . 35 .66 5.69 /J7 .i',O 1.SS 18.02 ll.1 0 .838 l.!!,308 
( 11-.1~hcd, stUI wet, from bunkers nod enr). 2 .... .. !17.24 !I().~, 1 2 . 2.') .6'1 0 .22 i'3.15 2 IJ.I O.IJS . . . ... ,,410 18,338 

3 12.40 57.5-1 . 70 5.06 $3. 10 :?.33 7.01 .. .. .. 8.4~8 Ji,, :200 
Sa me ( i11m11 , rrom bnokcrR) . ............................... 0,SS'i 13 1 3.25 36.70 l0.81. J:l . 15 .<U 5.31. 08.77 u i;, 10.H 1 .4 G,901 J2,il30 

2 ...... 38.00 48.38 13. 50 A -2 n .1 2 71.08 2.0".! 7.77 .... .. 1,l9U 12,951 
3 11 OI ;;.,.ro ... . ... . -19 6 . 1):j S-2.25 2.8-1 8 . 00 ······ 8,327 1·1,!189 

Same (north NH) M gungwuy , 1,1150 feel north on rc11•k o.ass 13 1 4 .0,5 35.:l.~ -IIJ.lY.l 13 . H> .37 5 .3<1 G7 .&I 1.00 11.51 2.7 0,818 J 2 ,2i2 
tunnel. Xo. 3 bed, lower bcm·h, 07-iuch cut). 2 ...... :lil.ffi .J!J.22 ,a.83 .30 6.0S 70.01 2.02. 7 .71 ...... 7,1.50 12,870 

a .... .. J2.$ 57.12 .... ... ..15 5.90 S2.!l3 2 .34 S.98 ...... 8,298 14 , 086 
Sumc (1>0Fit ion 1mcl bi'<I Rnmn nq Xo. O,SSS, u1•1icr t/cu(•h, !>.SS9 ll J 3.61 36.$3 45.<17 14 . 00 .38 5.30 67.70 J.75 10.6() l.S (i,872 12,370 

JS-inch cut). 2 ...... 38.21 .i7.17 1 1.62 .30 s.10 70.:ll) 1.&1 1 .n . .. .. . ; ,l2il 12, &12 
:1 -u.;;; ~t.:25 ....... • 1(1 0.03 S'2.~ 2.13 , 9.00 ...... S,31ll 15,0-28 

S11me (Jv root nbov~ gnn1,"1·oy. mnrrn·nl' south oC rnok o,soo 13 I 3.20 !lii.0'1 49. 32 12. 46 .38 G.28 70.74 l.!Yi 0.17 1.:1 7,000 12,710 
tunnel, No. 8 bed, ii foot, l;}-(oot rnt). I :! ...... !lll.JS ro.oo 12. 8({ .39 5.08 7$.0S 2.01 6. fili ...... 7,300 1:1. 111) 

3 ...... , .U.5'2 f,S •. JS ....... .-to 5.$3 $3 .87 2.3-1 i .51 . . .. . . S,378 Ui.080 

---·---
• 'I'nble tn.ken from Anniy,;es of Uonl~ in t11,• Onlte<I Stutes. null. 22, Part I, Bureun or Mines, 11113 . which is b a l!<:d on tnbles in Cool$ of lhr Stntc o r ,,~nsh­

(ng1on • .E. F.ggle$tOn Smith , Bull. 474, U. S. Geolo,rir,:11 Survey. Jtlll. 
t 'l'he kind nl ~11m11tc is denoted by letter. nM follows: ,\ - mini' sa.molr collrl'tcrl b>' un lns r•N·tor o f tl1e ted 1no1c,gi<: brnut·h o r the Survey: n mlne Rtun[)lc 

r·ollcctcd by u geologist of I he Survey: C- cnr $umplo tnken ut the fuol-tcsti111: 1,lnnt. 'l'h~ lorm of nrrnlysi:s is tl<iootcd by number, ns follows: 1- so.m p lc n;.t 
received; 2- drlod a t Lcmr,crature or 105' 0: 3-moisture uml ush fToo. 



PrE.ROE OOO'N'L'Y COJ\LS.-'rABLE 01:' OllEllIOAJ, A:,;'.\T,VSF.R.- Contlnucd. 
---

SAJUPLF. PROXUlA'l'E UT.'T'HL\ 'l'e C.\LORTFTO 
Air- V.\LOli: 

l.OCAL rTY, l3EO, F.'!'0. Labo- Oon- Yo ln· Fixetl rry. llJ"Y· 
ratory Kind dJ· MoL'<- tilo cnr- Ash SUI· dro- Cnr- XJtro- Oxy- Ing Onlo- J3rlt 

No. Lion tttre mat- bon 11hur gen bon gen gen loss ries ·1.,hcr.1 
r.er nut 

-- -- --· --- --· - - - - --- - - - -- - - -----
DurnctL . .Buroott mi11c (Conrlm:le,I). 

Snme (cro~scut 1, 2, 20() feet son th of rod< tunnel , X o. 2, 9,&ll Il l 3.G9 36.o.t liZ.14 8.18 .i('i 5.56 73.00 2.00 0.00 2.·1 7.5-10 13 
bed, 50~ inrlJl'S, :lfi foot Clll), 2 ...... 37 .42 iii.I -I S.J-1 . i!/ U.3."i i0.72 2.08 0.6'2 . ..... '; ,S'>..O 11 

a I0.87 59.13. ....... . so ~.St 8!.79 2.27 7.21 ...... b.OSJ 15 
Cnrboua do, !,(JC. I, T. 18 ~ -. H. l) E., Carbon HUI m lnl'S, wf'llt 2,460 B I l.06 3.l.lG 50.11) H.50 .!J.; .. ... . ....... ······· ....... 2.4 . ...... ····· 

side o! syocUne, chme l\o. 11, 3,000 !eet froin tlmM 2 ···· ·· 32.18 62.81 16.2:J .Sil ...... 38.31 GJ .69 . 42 ...... ....... 
o.t Carbon Bh·,,r ("'o· l, S.[l-ioch b<ld, Ga-luch c·ut). ...... 38.3) 1n.oo . ...... .t2 . .. ... . .. .... ..... 

Sumo (1 ,000 feet lrom slonc, on 1,•1·r1 700 tNt below 1.hc 2,4:i!I ti 1 8.47 :19.Si 50.H 0.:!.3 .Sil 11.10 5".SJ .05 1.4 ....... ..... 
rl\•cr u~nr n smnil fnlllt, Wingate bell, 59-iocll cut) . ., ...... 41.30 52..28 O.J7 • Sll ...... ..... .. ······· ....... ······ !l .... .. 41.111 55.84 ·20:20' .!~ ...... ······· ....... ....... ...... ....... ..... S!Hll<' (sonth en,\ o! gnngwar, No. ~ t·oklng bed, lower 9,555 J3 1 3.81 26.60 !9.33 .30 5 .01 03.84 U)3 8.50 3.0 6,399 11 
bench. 103 inches, G-foot cnt) . 2 ······ 27.05 r,1,29 21.00 .41 4.77 GG.38 2.01 5.37 . ..... G,Cl52 11 

3 ······ 3';.~ our, ....... .S2 6.0J 84.09 2.ri5 G.SO S,427 15 
Some (end ol gnogwoy on wo.tct level, WO toot trom en- 0,5:iO D 1 8.74 11,.00 Gl.7G 15.00 .52 5.08 07.37 2 .. ]3 11.40 2.4 6,730 12 

Lruooo. No. O bell, 13-iu<!h cut). 2 ...... $0.13 ~'l.77 16.JO .:>I 4.S-1 tl0.99 !!.21 o.:t2 ...... 7,001 12 
8 ...... 35.0J O.J.00 ······· .(>! 5.77 S.~.42 2.0.~ 7.54 ...... 8,S+l )5 

Snmc (encl ot right gnngwuy. No. 2 coklo~ bed, 8 feet 9,007 8 1 3.84 37.W 63.74 15.8, .s<J .UJ9 (;8.20 2.0-2 9.oa 2.8 G,SoZ 12. 
~ lllchcs, 101~-lnch rut) . 2 . . .. .. 2$.13 65.$9 15.!~ .-11 l.7J 70.9'2 2.10 o.s:; ...... 7,125 12 

3 ...... 33.4$ 66.5'2 . ...... .49 J.ij4 Sl .41 2.50 0.00 ...... 8,480 1ij 

SnnJo (first cros.~<'Ut nhovr lovcl ~. '.!O tect off s1t,11r to 9,6.":>S 13 I i.oo 3/l.85 52.N 6.U .lil! 5.81 71.02 :!.1(1 11.05 2.0 'i,880 13 
norLh, :s'o. ll mine, Wlngntc lJ<'<l, tn-lnch cut.). 2 ...... 3S.3'J f>J.03 6.GS .5J 5.03 77.Jl 2.2,'i 7.70 ...... 7,68.S 13 

3 ······ H.14 5$.86 ..... .. ,;,s li.00 82..(l~ 2.U S.:l.'i .....• 8,2$ 11 
Sumo (from bin~ nntl mllrour1 ~11r$, over z,lnt'l1 scr,•~n. O,ooll () 1 5.83 80.00 49.03 13.65 .4Z 6.34 GG.o-J 1.9'2 12.13 ~.o G,707 12 

wnshe,l nnrl stlll wol, Douty conl) . 2 ...... 82.4$ 63.03 14.40 .4.i ~.98 70.(l(; 2.0.l 7.38 ······ 7,122 i2 
3 ...... :rt .O!) (i2.0l .G-1 5.$2 $2.&J 2.30 S.t>"2 8,329 11 

Sumc (~nm11l"8 frorn north nod south entls of lcl"Ol 3 !l,500 n 1 2.'H 36.81 52.83 8.12 . 19 a.SO 71.07 2. lO 9.42 , .;; 7,521 J:.I 
gangway mixed, Wlngnte bed, fi.l- iod1 cut). 2 ...... 37.33 i>!,3".?. 8.3(; .r,o 6.66 76.JG 2.16 '7.17 ...... 7,7:l3 1$ 

~ ······ 40.1a o9.2i ....... .55 (l.18 83.10 2.3G 7.81 . ..... 8, ,J:rT Hi 
Snmo (200 foot up ell a ta 11 . No. 1 boo, ~ Inches, 6-1!· 0,002 n l 3.1(/ 34,SI JL.Sl 10.43 .8"2 6.·18 72.5 1 1.811 9.3-l 2.0 7,340 18 

!11ch cut). 2 ...... $5.\J'J .~l.24 10.77 .33 6.30 71.1)3 1.96 f,.'i2 . ..... 7,58'.? ]$ 
3 J0.33 59.67 ....... .87 r..w Sil.07 2.JO 7 .r,3 · ····· 8, )07 )5 

Same (ove.r 8-lncb bor screen, Wingate bed) ............... 0,003 0 1 3.07 37.17 51.81 7 .9.> .~4 ...... ....... ....... ....... l.8 7,553 13 
2 ...... !18.35 ,.S.i5 8.20 . t5 ...... 7,'792 H 
3 ...... ll.77 ~.23 ....... .49 ................................. 8 188 15 '"'''$ 



PIBRO£ OOUN'l'\:' OOALS.-~'A-13LE OF OHEMIOAJ, ASA l ,-YSES.- Oontlnue<I. 

llOX!MA'('F - S.\~n>LE I ~ 
J.n bt>- Oou- v, 
ratory 'Kio.ell di· .\loi;;-l 1 

No. lion , ~urc n 

LOOAU'l'\'", mm. 1-:·1•0. 

-------------- -------------, ,--
Curbonndo, Onrbon Hill mlncs ({'ontlnnc<I). 

S:11nc (en,l o( irnn~·w11y on wali·r IHel, :t,;li)O feet Ro11th 
of portnl, Xo . .; bed, sn-111rh cut). 

iinmc (Imn11, from u,r. Wlngnte bQII) ................... .. 

Snme (e,id O( ror'k tunnel, Xo. I M king bccl, 20 loeh<ll', 
2~-foot cut). 

snme (10 feel abo,·o gttnf(WUY, 000 foN from cnlronee, 
Xo. 11 bccl, :;.1 Inches, sn-lnch r11t) , 

Sumc (Douty lum1> from bins nud cars. ~tfll moist) ..... , 

Surno (le\'cl l, 100 ff'('t uu l'l1ulc 18. 600 fret north of 
t>ottom ot rl<'<'tric slo1><'. Xo, t bed, 88 lnchc~, 77-
Inch 1•ut). 

Snrne (~ros.srnt 10 l)etw~,1 rhutr~ :,o nnd ;,;, Ic,·rl :!, 
\Ylu,;1110 bed, 4!).fneh C'llt) . 

S111n(' (nrn ln entry 3 north, I, 100 fC<lt wc8t, SO-Inch ru~)., 

S111rw• (rar f111111~f) .................. , ..................... . 

Snnw (trom cnl'!l, wn~l\ed, RUii wrt) .. .......... ...... , .. .. 

Snmc {south encl of gau1tway. ;'<'o. !l coklug bed, n1111cr 

o,r.«11 .ti 

O,oGO 0 

O,u(,9 0 

0,570 n 

1 
2 
3 
1 
2 
3 
l 
2 
8 
I 
!! 

s.oo I 20 
30. 
37 

a.is I 34 
:i;; 
40 

2.S3 J ?S 
?S 
85 

4.45 2S 
.... . :I:~. 

s 
1 

...... 37 . 
9,r.n I o I 1 3.53 so 

t ...... :ll , 
:i .... .. 38, 

o.s;:1. I n I 1 a.ss !t.! 
2 ...... 3:l 
!l ...... 30, 

0.001 I n I 1 2.a;; s-2 

I 
2 ...... $:l, 
3 ...... 37 

00201 .\ I 2.90 :«i. 
~ , ..... ill , 
a ...... as 

787P, (' 1 4 .00 21> 
2 , ..... 30 
3 ...... ill, 

0,ii()l I C I l 3. 70 S-l 
2 ...... 3:l 
~ .. • • .. !IS, 

0,00., I 1l I l J.JS 29 
2 ...... ~l 

l'lxccl 
car- Ash 
bon 

-----
00.29 16.38 
:-ia.17 16.91) 
(l2.S:, 
51.56 10.74 
oS. 2'; )1.00 
;,9,90 ·is::is · f,0.77 
;,2.2s 18.SG 
(H, ,IO- ....... 
47.[Q ]9.61 
49.&> 20.-12 
62.JS' ....... 
-18.18 17 .71 
-19.01 18.30 
61.17 
49.[4 1-1.8$ 
51.21, l5.•l0 
00.;;9< ·io:il~-5:1.00 
;;.;.21 10.00 
62.().1 ....... 
i',O. 12 10.CH 
51 .Ul 16.52 
01.si 
,.0.31 15.00 
52.';'7 lG.71 
r~.as 
al .l!) 12.4,; 
:>3.17 l:?.0:1 
m.n 
;;2.80 13.4-1 
3'1.07 J 1.00 

tl'1Jl'IM A 'I' I-: 

Sul-
Ily-
dro- Cnr- Nitro-

ulmr gen boa i;~n 

---- ----
.66 4.04 66 .M 2.10 
.5S 4. a 07.00 2.18 
.70 5.67 81.87 1.ll:l 
.60 5.32 71.10 1.97 
,7] 6.13 7:l.SO 2,00 
.so 6.77 S.1.0() 2 ,2$ 

:l.22 4.78 or,.&2 1.80 
3.:n 4. :,0 Gi .o.1 UH 
,1.0$ 5.00 8,1.22 2,89 

.89 4.So 6'l .31 \ .78 

.41 4.5(1 o;; .2;; I.SO 

.52 i>.73 51.00 2 .3-l 

.40 ...... ....... ....... 

.-II ...... ....... ....... 

.50 ...... . .... ~ . ....... 

.4l) 5.33 07 .24 2.00 

.47 5.12 00.5() 2.07 

.00 0.03 S-Z..2(; 2-.43 
1.lJ 6.:t'l 70.9'1 J,$) 
1.11 6.21 7:l.00 l.85 
1.28 6.Sii 8U)9 2.0S 

-~" .47 ...... ....... ....... 
• 00 ······ ....... ....... .41; 4.9,i 07.1$ 2.U 
.47 4.(lo 70,41 2.21 
.00 i\,if.l 8'1.(14 2.65 
.70 6.12 60.113 2.00 
.7(1 4.ii!I n.s-i 2.11 
.91 5,(12 $2.1~ 2.42 
.80 5.10 70.13 1.SS 
.. ll 1.81 'r.l, 10 1.00 bench, 17-lnch rnt) . 

____________________________ 3_:.::.:.:.:_:!6·41 I 03.:)() 1 . ..... , I .Sil I ii.<l3 I 85.12 I 2.26 

-
C,\ 1.0:Rl Fr<:-

,\ Ir- \TAI.Ur: 
ilry-

Q ,,ry. Ing Oulo-
ICOD loss rles I 

----__ , 
10.00 1.0 8,501 

7.58 ...... G.747 
\}. 18 ...... 8,128 
O.S2 ). j 7 ,2J1 
7 .2.1 ...... i,•180 
8.15 ...... 8,.f~, 
0.1(1 2.:1 (1,660 
:1.77 .... .. 0,$81 
1.63 ······ 8,479 

n .1a 2.7 0,26:1 
7 ,;;o ...... u.*)o{j 
1U:3 S.234 ...... 2.3 G,•l-0() 

······· ...... u.cm ....... ..... . S.20.l 
JO.IQ 1.S Cl,S()cl 
7 .3!l 7,012 
s.as ...... S,:l'.!al 

10.11 1.l 7,) 12 
7.S1 ...... 7,351 
s .. so . ·a· 8,2.'iO 

0,!-07 
....... ...... i .117 ....... ...... 8,623 

0.3;} 3.3 0,HO 
6, 16 ...... 7,070 
(1.511 ····· · 8,491 

10.18 2.5 7 ,0-28 
7.40 ...... 7 ,:?OB 
8.56 S,3S2 
!),13 8.5 7,0:l·I 
f;.()7 7 .3-11 
G.lil .... . . . . . . . .. . ..~_,_15, sos 



PfEROJ.~ OOUS'l'Y OOALS.- 'l'ADL.E OF OB Rill CA I, AN,\ L,YSES. Oonlloued. 
---- --

SAMPLE PROXIllA'!'l~ CJL'l'lMATE 

l.OCALl'l'Y. BE!), }:TO. LnlJo- 1 Con- Voln- Pixed Uy-
rn t ory Kln<I di- Mots- tne car- Ash Sul- dro- Onr- Nitro-

No. lion ture mot- bon phur !(en bon gen 
tor - ------ ---- --- ---- - - -

Spikotoo, Spfl<eton mlno (Ooncludod). 
Splketon mine (from bins and Mrs, wnshcd) ...•..• • .. • • . ... , 0 .8\XI 0 1 7.70 3J.2i IO. ;,s 00.'ll .~o 5.m S7.10 J.G5 

2 ·· ···· a&.9l 43.00 22.13 .~3 4.51 1)-2.0Z l.79 
3 ...... ~3.r.., ri6. m .. . .... .$ 5.79 79.65 2.30 

Rnm<- (gtmgwny J1111t l>eyonrl <·buto I~, 10,·01 l, Pltcshurg O,S9-I 1l 1 4.00 3-~. 71 42.~2 20.88 .i)o 4.86 00.10 1.8.J 
bc,1. 56!/ Iod1PS, 501-lncb •·ut). 2 ..... . 31.3"2 11.:111 21.SS .53 1.5/i 62.10 l.$3 

3 J3.61i M.Sii ....... . 7~ 5.'ro 78.98 2.15 
Snm" (fr()!'.•cul 1, belwl'fn rhules :i:?~ nnrl :~~ . tev,•I 1, 9,89~ R I 0. 67 !tl.;:; l2.1l 18.17' .-ll 5.00 58.Sii l.O.l 

J.n!ly W~l llngton b<lcJ, 00.ioch cut). 2 ..... :lo.O!'l 15.JZ 10.70 .14 4.!iG 113.06 1.70 
:1 ~3.7ii fifl.26 ... .... . ii(; r;.1)8 'iS .63 2.10 

Sot11l1 Willi~. 2 mllM from WIikeson : °Fl'O. 22, F.. l!l N., ll. 619,90(! 8 1 U.15 !K>.17 46.!iO 21.18 .41 LS'? 62'..56 1.r.a 
F.. , South ll'lllls mlue, \Ylnsor lwcl (lowcc wotor-lc,-el 2 ...... Sl.1& ltl.1lS 21.87 .'12 1.62 01.¥1 1.61 
gnngwuy. 2.; fool bcYOIHl t•hute JJ, 1\- ro,11 rut). 3 ...... :10.57 00.13 ....... .f>I 5.0l 82.117 2.00 

Sam,; (from bm,korA, wo•hcfl)................. .. . . . . . . . . . . !l,007 0 1 7.07 28.39 12.00 22.51 .43 iU3 57.93 us 
2 ...... ao.r,j 45.23 21.2'2 .4G Ul7 G!?.34 l.56 
3 ... ... 40.31 ,ill.(!!) ... .... .Ill 6.10 ~J.26 !!.00 

Wllk,•son, Rec. :!S, 'l'. 10 ~ .. It II 1, .: Brier Hill mlno (~lO fl'l't o.sM (! 1 l.i.1 20. '18 37.0J 28.& 1.10 l.80 rl!.42 ].7J 
~omh of w11ter·lewl 11<lrlll1, 5HnrJ, r11t ). I !! ...... s1.2;; as.~ 20.91 l.!?J :l.97 i'io.01 1.88 

!\ ...... 4 ,.r;s . 66.l:! ..... .. 1. 73 5.66 'iS.48 2.6! 
SN•. 28, 'l'. 19 N., R. fl IC:., 0111~ C'rt'<lk mine (10 IE*t ~outh 0,908 u 1 6.40 s;;, 40 60.00 8.0II .$1 5.7Q 71.24 1.111 

of nuxlliary s lope, love! 1 nlr ,,our~e. NQ. l tw<I, ;19i- 2 .. .... 3,S,5) ,12.00 S.5.~ .$; 5.Sl1 ':'G.38 2.0'l 
ln,·h rut). 3 ':i:il .. 12.] u7.00 ... .... .l)'J iJ.&l !!'J.11 2.21 

Somo (1,u.n1prnr, Je,·~I :!. lOI) feet south of rm•k tunnel, 0,900 J3 I 3ii.OG oo.O!I ii.OS .96 1\.63 N .97 1.0.; 
No. 2 bod, 8-toot cut), 2 ...... mur, 1\7.3.1 6.22 1.00 6.41 78.01 2.03 

3 .. .... 38.87 61.lil ....... 1.07 5.77 83.18 2.16 
Snmo (pillar b(•twc,•n thut~ 8 nnfl I. ,~vrl 2 gnngwa)' !l,010 B 1 2.7ll 33.iR 5.1.87 0.6U 1.01 li.41 73.SS 2.00 

north, Qn~n l}(l<I, 3i-fool cut). 2 ...... sc.;.; ri6.·12 9.S3 l.01 11.28 70.00 2.00 
s ... ... 38.ii-t 61.411 ······ · 1.Jii Ii.&; 81.28 2.28 

Wllkl'Son mine. ~cc. 3 1, '.I:. 19 N., R. u F.. (~<·rcm,tog~ re- !l,S9S J3 l 6.6 23 .32 tiG.iil 13.&7 .40 G.0.J 69.20 1.tlS 
WIISfll'((). 2 ...... 2J.m ll().HO lJ.53 All 4.61 7J.l0 !l.1:! 

s ...... 21>.21 70."i{-I ....... .57 5.89 11,.80 2.JS 
Same (600 f(.'('t w~.,.l by (',00 trot .•outh of north <1n:1r1or I 0,$00 .8 1 D.o.t 23.17 61.J3 0.76 .H 5.00 71.0l 2.17 

corner of i'C<'. :1 1. JOO fot!t eouth or rork tunnel. No. ,, ...... 21.0:i 64.9(1 10.38 .44 l .71 7S.72 2.:ll 
7 bed, :J.} .. foot c•uL) . 3 ...... 27 IS 72.62 ..... . . .49 6.20 ST.SJ 2.6S 

0:cy-
gen 

--

15.32 
().12 

1 L.71 
J;j,18 
0.40 

12.IH 
16.6.1 
10. 39 
12.0;; 
9.l'i 
O.S9 
8.8'! 

12.55 
0.75 
8.lli 

11.&l 
8.07 

JUi:lc 
12.29 
7.53 
8.00 

1'),r;J 
7. 33 
7.$2 
S.11 
5.70 
II.I$ 
0.00 
4.06 
l.'i'G 
8.6-3 
!U4 
$.8& 

Air-
dry-
ing 
loss 

OM~O R.TVJO 
VA.LUE 

Onlo- / Brilfsh 
rfcs thermal 

urifts 
--,---11----

6,708 
A,J!l() 
7,0.J7 
11,0:n 
6,l\'>.S 
S,019 
i>,911 
6,3ll4 
7,S!n 
6,213 
6, l 1-0 
8,2.0 
5 7\J'I) 
e:20.it 
8,19"'.2 
5,208 
ii,5ff() 
7,932 
7,28-0 
7 ,05!? 
S.3119 
\',IISO 
7,0H} 
S,173 
7,•173 
7 ,<iS? 
s,re5 
6,S IS 
7 'J:$·> 
s:578 
'i,!ll :1 
7,776 

_ 8,()7(3 

J0,271 
11,H:! 
11,305 
10.1:,.';jl 
U,390 
1 l.488 
10,<H() 
11,401 
1A.2ld 
11 ,23'7 
11,003 
1.1,S:,() 
10,SSI 
11,171 
1 ~1,7--W 

0,;;311 
10,()()8 
11,273 
13 ,CT23 
)3,77l) 
]5.001 
1:1,7~7; 
1~.am 
15,251 
18. l!'it 
1.3,S:37 
15.:~IG 
J2.32G 
13, I\JS 
15, Ill> 
13, l<l.'j 
13,09;' 
15,0li 



l'tERCE COOX'l'Y Ctl,11.8. 'J'.\ll[, F. OF CUE~IlC.11 , ,l~c\ LYSES.- Conclmlrrt. 

--- - - ---
S.UIJ:'l,E J>tWXDI-A 'L'.E UI .'l'I A).\'£E Q.\ I.ORI f'1 0 

LO<'A l.l'I'\", BED, ~:·1,C'. 
I •• ~ I"'' "" \""di I '"l:~I I i;;: vu.u, rutory KIMI 111- llols- til<' cur- Aeh Sul- <lro- OM· l'>ltro- Oxy- Ing Cnlo-1 Brlti~h 

),o. tlon ture mnt· 1)(1n phor gNl bon geu i:cn loss rles ther1n1;1\ 
tcr units -- ------- ------- -- --- --- ---

~\"llkellon. Wllk¢!On min~ ((1011cl11dNI) . 
Sn1uo (3,000 feet north by 1,(ijj() feet wc.~t of ~outheu~I \J,900 B 1 ~.3·1 :?0.H 59.27 1 1.95 -~5 1.52 (li).70 J.01 8.88 1.3 6,833 12,2l>'J 

1•orner of ,-e,•tlon :H . south encl o f rast gnugwny. Xo. 2 ······ 21.50 (?l.0-2 15.70 .JS I.lo 73.73 2.02 3.S3 ······ 7,218 U,W2 

3 1)(>11. 081-lnch cul). ~ ..... . 2..;,lt-1 7·1.8(-1' ., .. , dl3 S7 .5,5 2.JO ~-Do'! . ... .. 8 , 5'?1 15,420 

i;nme 11.;;oo le<>t north b)" 1,200 fll<'t we~t <>f lhe gouth- ll,OOII n I $.5() 19.13 61.26 ]0. 0;:i .40 J.41 70. 52 1.0-I 6.59 2.8 6,81.S 12,317 

cn~t <'Onwr or se(•U011 341 Nl~l wotor level, No. 2 bed, 2 .... . . 19.6-1 (13 .52 J(;,(l.j • 51 l.10 7:!.12 2.01 S.56 . ..... 7,000 12,77!\ 

lower nnrt. O~ loch~~. 8:;.1J1eh C'ltt). ll ...... 2$.8 711.20 .61 U )9 67 .71 2.n •• :!8 . .. ... S,512 HS,882 

Snmo (po~itlon nnd becl ,:umo 11s :O:o. 11,903, 11 1111er ben,•h, 0,00J I J3 1 ~.0(1 JS. 18 51.!)5 23 .&l ,48 ...... ....... . .. .... ....... 2.3 6,18() 11,03 1 

17-lnfll cut ). 2 ...... JO.Oil 511.60 2,l.26 .44 ··· ·· · ....... ..... .. ....... ·· ··· · 6,S-H 11.~~ 
a ...... 25.16 7J .S.I . ·· ···· -~ ..... . ······· ···· ·•.• ······· ..... . 8,SIS ]I'S. 0'2<1 

Snnw (,~, tet•t 111• t')lUiC 10, S0lllht'n~t Jl'llllf?\\'OY. Xo. :1 0,lJ()l 13 I 2.3-1 2t.f>S r,.-;.w 1.7 .S I .18 ······ ....... ....... ... ..... 1.2 6 ,800 ]2,25(1 

Ix-cl , lower benc•h, :!ll-ltwh ent). 2 ...... 25. l!? /ill.6-1 3$. 2'1 .40 ····· · .. ..... .... ... ..... .. ...... 6,072 l.2 ,550 
3 ...... S0.7:l II0.27 . 00 . .. ... .... ... . ...... . .... .. . ..... 8.5.'lO 15,3l;,1 

Some ( JJC>~ltlon 01Hl lx'd snrn~ 11,, No. !l,9()1, 111wcr bvnch, 0,l)(l'.! n I 2.J2 27.tlS m.:i.7 S .53 . 12 :;.2~ 76.94 2.05 G.83 1.0 7 ,717 13.800 

7Sf ln<'h<.'l', l:!.1-indt C\11 ) . 
., 

······ :!8.4 ll2.S5 8 .76 . JS 5.07 7S.!lel 2.10 4. 172. .. .... j ,{117 1<1,251 
ii ...... :11.12 tl8 .S8 .JI' 5.S<I ~-50 2.:«) a. Ii . ..... 8,610 15,617 

Some (0:) fret u11 chul'e 105 on sonthcnst water le,•cl, )ii). 0,11Uii 1l I H.69 27.0S 511.6:3 12.00 .. ,;; 6.0S 7'!.51 :!..10 7.H 2.8 7,2.10' 12,078 

2 b<•cl, Mh hu·h~s. 411-~-lurh ,•111). t .... .. 28.12 r,s.so .. ... I . ., , ... ,._. 2.27 1.01 . ..... 1,•so 13,H' 
8 ...... S-2.85 ll7.~I} .. .. .. • • /l-l 5.o.S St).(Ul ! .61 4,01 "sX 

8,\113 13. 50:d 

2 miles ~onthvnst of: Snell mine (ir, feet from cnlr1u1ce, o,sro n I 6.71 23. j(I G0.0'7 17.JO .78 ............ . 6 ,421 11,563 

Snell lx><l. :!8 1ni-11e,,, 2-fout rm). 2 ...... 27.61 iia.6'7 1 8 .72 .SJ ............. 6,SStl ]2,803 
3 ...... 83.~ oo.oa ....... 1. 00 ............. 8, 172 15,200 



APPENDIX B- PIBRCE CO~rry COAL PRODUCTION BY YEARS, 1885-l91S, R EPORTED BY STATE INSPECTORS OF COAL 1UINES. 

-\\--as-b-ln_g_t_o_n_r_m_p_:-~-,~-em- oo-ot_F_o_:-: -~-Hl-L~-y-.·-.i-.. -.-.. -.-.. -.-.. -.-.. -.-. }_l ___ r.1_TN_m_·_s __ {1 -.. -.-:~-.-: -.. -.1-.-.. -:-~-.-.. -.~-.-.-. ~-.-.. -.-•. -.. -.1888-.. -.. -.-.• -.. -.:-~----. -.. -1-~-.000-'--1~-,-:oo- -.. -. :-~-. :-. - , ~ -.. -.1S9----. :-.-•. -.. -.1-. ~-. :-.-.. -. _-_ :-~-.. -. -.. -.. -.1-.m-.. -.-.. -.. -.lSOS-.. -.. -.-.. -.. -.1-. ~-.• -.-.. -.. -.1-. ~-.. -.-.. -.. -. UlO-.. -.:-.-•. -.. -.1-.00-.:-.-.. -.. -. :-~-.. -.-J ':-.. -.1-.~-.. -.-.. -.. -.1-.~-.. -.-. .'-.. -:~-.. -.. -.... :~ ..... . :~ ...... :~: ... -.. -. :-~-.. -.-.. -.. -. :-:-::-. -..... 1::: .. . 

Total 

} 416,i59 

I-·-:-•-·:-·-· ·-·I---

13,700 

8,93., 

0,039 

-----------------------------•·--- - ---------------------1----·1-------------------------------- --------. -------------t----1·--- ------1----1--

} 200,000 

11,230 

Gate Oreck Con111any .. . .......... . .......... . ........... 1 [ ............................ ......................... ............ . .......... ........................ ....................................... . ............ ......................................... ...... .. ................... 10,263 8,850 ............ . . ... .. .................. ..... ..... . . . 
Oommnnwealth Cont Oom1iaoy .. . ..... ....... . ... .. .... J South Willis ..... l ..... ............... .......... ............... ............................................................................................. .. ............ .... ................................................................ ·,...... . . . . . . . . . . 31,4& 9'1,280 .... ..... . .... .. .. ......... .. . 

South Willis Coal Oompnoy (tol2).... ... . • ... .. .. . ... . I . . ......... == == == == == == =-~~-~~-1~-~~~-~ == == == ==== , ·· · ·· ···, ·· .. ·· · ·· · ······· ·· · == == == == == ~ · ·· · ··· · · · · ·· ·· ·· ·· · · ·· · ··· .. · ~ 25,096 _2_1_._;00_
11 
__ 

Pacl6c Conl and 011 C'om111my ...... .. ................... Snell .................................................. . ...................... ...... .............. 1.......... .......... .......... .......... .. ........ .......... ..... .. ... .......... .......... .......... .......... .......... 2,400 4,40$ 4,42"2 ................... . ........ . .......... . . .. ................ . 

------.-----------------.------------------------------------------------ ------ -------
South Projric Cont Compl\lly ..... . ... . ....... ........ . . I 13omeU .... . ....• J 34,314 45,653 69,815 .......... 4&,107 ii7,1S3 44,450 43,965 52,511 56,236 47,626 87,006 67,829 56,031 56,746 106,500 77,2.55 32,003 69,912 60,197 50,040 ......... .. ............ . ............. . 
PnclOc Coast CoRl Company (1006) .................... j I •• ••••••• •. ••.• •• .• • ··········1··· ·· ····· ...................................................... .................................. .... ................................ .... . ======== 86,701 '18,875 60,00Z 77,147 

I I 
~{~~~rii.~t('i:r18~mpi1oy:::::::::::::::::::::::1 f :::::::::: :::::::::: :::: :: ::::,:::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ·--~~'.~~ .... ~~'.~ .... ~'.~~- ... ~'.:~ .. !.~'.~. ···26:~-... ii>:200· :::::::: :::::::::: :::::::::: :::::::::: :::::::: :: :::::::::: .......... 1 

--- --- ----1-----

«2,310 

'&ilk!~n°cili8·& 08~:/'8~1;1;:~y:::: :: : ::: :: :: :::: :: :: : I Wilkeson ..... ---1 .. .. ~'.~~ .... -~'.~'. ..... :'.~4
. ::: :: ::: : : !:~J 2!:~: ::= ::~ . ··11;64li' . ··SG;m· . ··ss;~· . ··ss:480· .. ·so;ois· ···oo;s:is·I· ·ioo;i~s· . ·ue:022· .. iii;oos· ··ioo:896· .. ·66;399· .. ·os;iu' "'ri;sii· . ··07;;00· is1i;m· "ii,;.ii· . "12:ooa· .. iis:,re· .. iin;w· ··is-i:ooo· . ·ii1:sis 

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

I 2,279,933 I 

1,030 

0,884,960 

812,0iio 

: l 271,675 
. J 

::~ .. :.~~:::::::o,: . : ::::~.. : :~:~ :~:~ ;~:;. ~~;~:: ,::.~ ~:~: ~:r=. ~•:.: ::: ~:: ::.:~ ~:::·. ~:: ~:: ~·~ :~:~ :•.~ ~:~ "··~ ,~.: .... : m.: ::~. -~:~ ~::~ ~·~ ::.:. 
.Northwest-Om Im))rO'l"emcot Company ... ...... .... . ...... Mclmont ........... ................. ................ . ....................... .. . ....... ..... . ....... f= .......... ... ....... ....... ... ....... ... .... .. .... .......... ...... .. .. .......... 24,000 83,100 9'2,944 95,5!>5 61,543 37,481 71,385 80,29'2 63,871 76,734 61,088 6'1,072 

'''''"· "'-"' {. • • : • : •• • :::::::::: •• •••• ::•: •••••••••• ::: }: .::::.: ::.: : :::::::.:: ::::.:: •• :: : : ·~ '.:~'. ~:•u ~:'.'.'.: ~.~ :~:~: ~:'.'.'. ~:;;_;p;;;; ;;;;: ii;i ~;ii; ii;iii ···:· ····· ••••• : •• : 
Western American Company . . ... .. .. . ............. . .... } 
Fairfax Mino ...••.........• . ... .. .•...•• . .......•.•. •.. 
'l'acomn Smcll;log Oompnny . . .. ....... . ............... . 

Fairfax .Mine, Inc.................... . ................ .. . . Fairfax, Sc~. SJ .......................... .. .......... . ..................... . . . ..................... ... . .. . ...... ..... ............... ... ...... . .......... ............. ..... , .... , . · . · ····· ··· · ·· ·, · · ··· · ···· · ··· · · ·· · ··· ··· · · ··· ····· · · · ·· · ··· ·: ··· ···· · ··· ·· · · ·· · ·· · ·· · · ·· · · ·· .. ··· , · ·•· ·· .. , ·· • 2,250 30,972 33,222 

. } 80,531 
6,70"Z ll,970 ..• , ....•.. , ..... , . , . , . ·. , · · · ·' ·. ·, ....•..•.•...•....... .. .. , ...... , .. . .......................... . tif!:~~!/~0;]il~il:P7~7~'~?:~:~:::J Montezuma ..•... {:: ::::::::::::: :::::::::::::: :::::::::::::::::::::: :::::::::::::::::::::::::::::::: ::::::: :::: : :::::::::: : ::::::::::::::::::::::::::::::: :: : :::::: : :::::::::::::::::::::::. .. . .. ...... .. ......... . ................ 5,~ 122,775 16,737 13,625 3,084 . ......... •.... ....• goo 

655 

Grand ton 
13,390,599 

Western Ste<?I Oorporatloo .......... ...... ............ . ... Ashford ...... . ...... . ... . . ....... ......... . . .... .. ......... . ......... . .............. . ................ ... ........ ... ........ ... .... . .............. .. ................ : . .......... . ..... ... ........ .. ........ ..... . •········· .... ... ... ··· ··--···!······· ···· ··· ··· · 655 •······••• ····· ·· ··• = ........ . 
~--~~--~~--~~--~ ~--~~--~~--~~--~~--~~--~~-,~ ~-. ~--~ ~ -

175,282 169,455 20'7,266 ..... ..... 256,313 265,511 208,0'>..S 358.767 405,177 05,388 436,701 "22,783 464,430 481,869 461,095 500,605 575,091 401,091 675,286 614,570 455,524 468,791 1612,631) 60'2,200 615,2&( 7Sl,!l61 795,768 791,570 S32,2i2 'l'otals ........ . .... .... ............. ·, ... .. .... · · · ·· · · · · ··· · · · · · · · · · · · 

t Includ"" Sonth Willis. • Based on 1,487 tons coke. 
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Numlwr Y 1-ioutl! . . . . . . . . • • . . . . • . . . . . . . . . • . . . . . • . . . . . . . . . . . . . • • • i 2 
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Wingate . . . ..... . .. . . .. . . . ....... . . . . ..• . . . . ... .. . • , • • . . . . . . • . il, T2 
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('l11~~lfk11tlou •.. .•.• •. ...•.....•...••.•.. •. ...••• •. • •.. ........ 
(;rudPs .................... . .................................. . 
l' r<•p!lrflliOll .......... , ..... . ......... . . • ....... . .. • , ......... . 
Qnnlllf ....•....•..•.••..•...••..••.....•.•..•••..•........•.. 
Qonutlly .................... • ........ . .•............... · · · · • · 
H,•rnSI' • ..••. • ..•..•..... •. ...... • ... •.. .. •. ....... •••. ...• •••. 
Spl·C'IOC ~"l'll\"lty ...•..•....•...••.. . .•• ...• •.. ....••. •• ......... 
:s11·11tlgrnph lc. roh1(1ons •... ••• .• •.• ..•..••..•.•...•... •• .. . ....• 
LTst•s ••••.•• • • •••••••• ••.•• • . • •• • • • •••••••••••••••••••••••• ••• 
Washloi:: p1·11ctlce ..•........•.••.. . .. • ..• , ................ . ... . 

Coal Mam sections : 
A!,hrr.ru, ) Cashel ........•........................... • ..... •. . .. 
nul'llrLL. Number T ............•.......•..............•......... 

.:-umb~r U ............•..•................... ..•• ......... 
Number I ll . .....•........ •.. .............. • .... •• ....... . . 

L'lll'bou,1<!0. Brnlscr ......... • . • . .. . •••.•. .•....• •. ... • .. . ...... 
ll~ Ol •...•...•....•..• . ...•. .. .... . • ............. •. ... .. ••. 
Mlll1•r ..........•..•....•. . .•....••.......•. .. . •.••.•. ..... 
Xumlwr I .'<o rt h . •........ .. • .. . ..... .........• .... •. ........ 
Nnmh~r If Nuri h . •.... ... . ••. . . .... • . ..••.• .•••. • .. • .. . ....• 
Numlwr 11 I North •. . •......••.....•..••... . ..•..••.•........ 
);n mlwl' \' North ......... .. ..... . . ........ ..... .....•.. ...... 
Nu mber IX ..... •. .........•............ .. ...... .. , ..... _ . • 

l'ufrfll.x. Rust ........ . ... . ••.•....... . .... .. ........ • ......•.. 
Gu lr <.:rcrk Queen .............•.••...•....•....•....... • ......• 
~l!·lmo11t, N nml1~ r 1 ........... •. . . ................... • ........ . 

:--lnmhrr 2 \11 ••••••.••..•• ••••• •••••••••••••••• •• •• •••• .. •••• 

:"lumber 3 .. ••.••. •....•..• • .. . .•..••. .• ..•......••....•••. 
Number 4¥., ...............•......... . ..... . ...... •• . . . .. ... 
:-;u mber o ........... . ....... . . . ........... .. . ..... .• ....... 

!iG 
:;o 
:;7 
!Hi 
5G 
07 
OS 
:i6 
;;:i 

] 2;; 
ns 

77 
t:i . u:1 
Ol. G:l 

11 l ,., 
,1 
72 

i I. i 4 
j.j 

i l 



lnde.1: H l 

Conl Sl'nm ;,rcllon~- Pn{lr 
~1onwr.111nn. Numlwr 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , .; 

i'i'11111hcr ::? 
:-11111her /:I 
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/,I •••••••••••••••••..••• ·•• •••••••• ••••••••• • ••••• •••• 
!) •••••. • .•••••••.•...•...••..•...•••• .• .•••••••.•.... 

IO ..•..••.•....••. .. •......•..•...••.........•....... 
11 ..•..•.......... . .... .. ............................ 
12 ............ . .. .. ... . ... . ........................•. 
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Driwr ...................................................... . 
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.l!), 50 
49,60 
411.50 
49,50 
49.50 
49. 50 

XumlJl'r 11 .........•.....•....... ........ ................. ~ . . 1\5 
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Structure, general . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Structure map dcscrlbccl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 37 
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Wilke~on formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

'l'lmhM· for mining. .................................. .. ............ 127 
'fO!)Ol,'TIIJJhY, pre-glacl11I . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Topography, s1ll'tnce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Transportncloo ..........•..... .. .. .. ........• .. ................. fl, 20, 125 
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