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MINERAL PARAGENESIS AND TRACE ELIMENT DISTRIBUTION
IN THE TRI-STATE ZINC~LZIAD DISTRICT

MISSOURI, KANSAS, ORLAHCMA

A review of the literature pertaining to the mineral paragenesis
and trace element distributiom in the Tri-State zinc-lead district of
Missouri, Xansas, and leahcﬁa revealed‘inﬁonsistencies in obsexvation
and in'interpretation and divergent hy?othases regarding the origin of
the ores. In an attempt to reconcile.iha data collected by maanin-
vestigators over naarly three-quarters of a century, the writer obsarved
working faces in 37 mines, collected over 2,000 specimens for binocular
examination and prepared and studiad 110 polished surfaces and 60 thin
sections of tha'ofes and assoclated rocks utilizing mineralographic,
petrographie, and x-ray techniquea. This detailed study resuited in
‘the determination of a general paragenetic sequence of the minerals
in Tri~-State ore involving 7 periods of mineralization, each character-
ized by.itsvown mineral sﬁita and sequence, and esach separated from
the naxt by a period of tectonic activity, a perxiod bf solution, a
hiatus of deposition or by a return to the crysﬁallization of earlier
formed minerals. Local deviationa from the genaral paraganétic sequance
have been noted, but the recurrence oflcrystailizatién of several minerals
has been found tn be m@ra frequent than praviously believed, ‘Chaléopyrite
and pyrite were fcound to have been deéositad during 8 intervals, sohalerite
and marcasite during 5, andvgalena.and quartz during 5. Fifty-one min-

erals have heen described‘from Tri-Statae ores, three for thehfirst time



in this thecis. Four mineral relationships previously believed to be
sbsent in Tri-Steate ores have beern observed and described., No signifi-
cant variations in peregenetic sequence vere detected either with
respect to areal or stratigrephic dirtribution, contrezry teo the opimions
of some who have worked in the district, but in accord with the results
of previous studies of trace element distribution.

Previous trace element analyses have been wade of rocks, ores,
soil end vegetation in the Tri-State district. Since these enalyses
failed to reveal eny significant variation in trace element distribution,
the present investigation involved epectrographic znalyees of the single
minerals: dolémite, galena, and sphalerite, especially selected for
their freedom from included impurities &s revealed under = sterececepic
wicroscope, Of the many elements detected spectroscopicaily, culy
silver in gelena and cadmiﬁm, gellium, germanidm, and incium in sphaler~
ite were considered worthy of detailed étudy. In galené, silver was
founé to vary from 0.2 to 1.6_p.p.m, In ephalerite, cadmium veried
from 4,000 to 7,000 p.p.m., gallium from 15 to 480 p.p.m., germanium
from 25 to 380 p.p.m. and indium from 10 to 30 p.p.m. While such
variations are lerge, they are wholly unrelated to ereal, stratigraphic
or paragenetic positidn, &and substantiate the coﬁclusion based on pare-
genetic stucies that the ore;forming sclutions in the Tri-State district
were remarkebly uniform and nct significantly different from the ground
weter circulating in the district today. Indeed, the sulfide minerals

vhich constitute the ores of the district are still being formed today.
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CHAPTER I
INTRODUCTIOH
PURPOSE OF INVESTIGATION

This investigetion of paragenetic sequence and trace element
déistribution in the Tri-State einc-lesd district of Kansss, Miesouri,
ard Oklshoma waus dugg&sted to the writer by Dr., O. k. Grave, who
pointed out the lack of agreement among previous investigators re-
garding the parege#et;c sequence cf the winerals compricing the ore.
Ee believed that this dissgreement might have been due to etucies of
too few epecimsus, wﬁtch di¢ not adequately represent the entire
district, end that these were not always etudied thoroughly, cr that
the psragenetic sequence might not be the same throughout the district.
The writer undertook to resclve the diverse interpretations of pera-
genesic by combining extensive field work with both extensive and iu-
tensive microscopic investigation, to note local varistions from the
usugl paragenstic-sequence, and to correlste these varietions vith
areal, stratigraphic and structurcl position. The trace‘elamegt con~
tent of ;1n31e minerals was investigated to ascertain {f a correistion
might exfist between variations in trace element comtent and varisztions
ip paragenétic sequence snd to determine what changes might have teken
plece in the chdrecter of the ore-forwing sclutions which would account
for compositional end min?ral variations and what bearing this might

heve on the origin of the ore,



METHOD OF INVESTIGATION

To obtein material for this study, during the summersof 1957
and 1958, the writer visited thirty-seven mines snd worked more inten~
eiveiy in the Grace B, Jarrett, Lucky Jew, Big Elk, Ketta, Rette
White, §t. Joe, Crawfish, Whitebird, Piokee and Kenoyer minesl.
Specimens were collected for paragenetic studiez and for spectré«
graphic analyeis, Each specimen was essigned & field number ecd data
pertinent to the specimens such ss the location and stretigraphic
horizon end structural ervironment were recorded, The exact location
of each specigpen was recorded on a mine map scaled one inch to three
hundred feet. Specimens for spectrogrsphic analysis were carefully

bagged to prevent contemination.

Peragenetic etudy

In the labqratory each specimen was fifst studied megescopicaily,
&nd theﬁ'with the aid of a stereoscopic microscope. The ﬁineral e~
duence wéas racor&ed and all observable features.werevnoted. 1€ tﬁe
relatibns were uncértain or conéealed, ﬁhe specimen was cut &ncd poliched
to reveal the mineral relationshxps. Sixty thin sections and more then

one hundred polished specimens were prepared bv the w*iter. Each thin

lgecause of the large number of mines in the Tri-Stete dietrict
and the tendency to rensme the mines, Figure 86, a map showing the
locations and nemes currently used for mines in the Picher field enrd
nearby arez has been included in Appendix C, through the courtesy of
the Eagle~Picher Compeny.



section and polished specimen was described individually and numerous
photographs were tsken to illustrate the features and relationship
observed,

From the detaliled sgtudy of the individual specimens & geperaliszed
paragenetic sequence was developed, Particular note was taken of vari-
ations frcﬁ the usual eequence, and correlations were sought between
thege varistions and other factcrs, such as: geogrephic distribution,
stratigrephic position, and structure in the Picher £ield.

When it became apparent that such correlstions were ebsent in
the Picher field, the writer, upen Dr. O. R. Grawe'e advice, expended
kis studies beyoud the Picher field to includc cther ereas withio the
Tri-State district. For these studies the follow;ng collections were
aveilable for megascopic anc microscopic stuﬂy:

1) The University of Missouri, School of Mines and Metallurgy,
Pepextment of Geclogy Museum Collectfion, Rolla, Missouri.

2) The Schifferdecker Park Minerzl Museum Collection, Joplin,
'Kissouri.

3) The E. J. Palmer Collectiom, Webb City, Missouri.

“4) The "Daua' Collection, University of Missouri, School of
Mines and metallurgy, Rolla, Missouri.

5) The E. T. McKnight Collection, University of Missouri,
8chool of Mines end Metallurgy, Kolla, Missouri.

€) Dr. 0. B. Grawe's personal collection, Uhiversity of
Missouri, School of Mines end Metallurgy, Rolls, Misecuri,

7) The Mineragrephic Collection, University of Missouri,
School of Minec and Metallurgy, Rolla, Missouri,.

8) The Boodie Lane Collection, Galena,‘Kansas‘

9) The Eagle-Ficher Collection, Cerdin, Oklahoma.
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10) The W. A, Tarr Collection, University of Missouri,
Columbia, Missouri,

The paragenetic sequence was observed in each specimen, and
the sequence in each individual field within the Tri-State district
was worked out. The types of correlation sought in the Picher field

were now sought throughout the whole Tri-State district.

Irace elemeng study

For spectrographic analysis, clean cleevage fregments of
dolomite, galena and sphalerite were selected from coarsely crushed
minerals. The elements Al, Cu, Fe, Mn, Ka, Pb, §1i, V and Zn were
detected in dolomite; Ag, 41, Ca, Cr, Cu, Fe, Mg, Sb, 5i, and Zn were
detected in galena; Ag, Ai,rCa. ¢d, Cr, Cu, Fe, Gg, Ge, In, Mg, Mn,
Pb, 81, and Ti were detected in sphalerite. The elements which showed
significant varietions in concentration and are believed to be precent
not as conteminant pheses are: Cd, Ga, Ge, and In in sphalerite end
Ag in galena.

The trace element content of Ag in galena.end Cd, Ga, Ge, and
In in sphalerite wcré-ﬁlotted on overiays of Picher field maps to
investigate areal szoning; &ud on vertical sections to investigate
stratigraphic zoning. The Ge and Ga content of sphalerites of
different eges was investigated to determine poseible parsegenetic
relationships. Similarly, the trace element content of gray dolomite
was coa‘npare'd..with that of pink delomite to determine if differences

exist between the two verieties of this mineral,
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CHAPTER IIX
GENERAL GEOLOGY OF THE TRI~STATE DISTRICT
LOCATION AND PRODUCTIVITY

The Tri-State zinc-lead district, in a broad sense, comsists
of an area of sbout 2000 square miles in southwest Missouri, northeast
Oklahoma &nd southeast Kansas. Its longest axis from £pringfield,
Migsouri to Miemi, Oklahoma is ab#ﬁt 300 miles.

Mining began in the Tri-State district near Joélin, Missouri,
in 1848. During wost of its history, end as late &s 1949, this
district was the world's greatest zinc producer and generally renked
third or fourth in world lead production. Up to and including 1945,
the Tri-State district had prodﬁced 20,755,020 tons of zinc concen-
trates and 3,334,057 tons of leéd concentrates, together valued et
over one billion dollars?. Zinc concentretes everaged 58.67 per cent
zinc end the lead concentrates averaged 78.46 per cent lead for the
period 1807 to 19453 From 1944 to 1948 the district produced an

average of 132,552 tons of zinc and 25,224 tons of lead per yesr.4

25, 3. Martin, “Summarized Statictice of production of Lead
aund Zinc in the Tri-Stete (Missouri-Kansas-QOklehomz) Mining District",
U. S, Bur. Mipes Inf, Circ. 7383, p. 3, 1946.

BIbido, pp. 20"210

40. M. Bishop end R. L. Mentch, Chapters on Lead snd on Zinc:
"Mineral Facts and Problems", U, S. Bur. Mines Bull. 556, p. 434 and
983, 1956.




While mining begen in the Joplin field, most of the production in
recent years has come from the Picher field of Oklahome and Kensss.
Mining was curteiled in 1957 and at the present time, due to the

deprecged prices of zioc and lead, mining ip the district is curteiled.
PEYSICAL GEOGRAPHY

| Physiographically the Tri-State district occupies parts of
the Bpringfield Plazteau of the Ozark Plateaus province, and the
. Ckerokee Lowlan¢ portion of the Osage Plains section of the Central
Lowlard province.J The former, mainly in Missouri, is hilly and
its surface is underlain by Mississippian fermetions; the lafter section,
mos;ly in Oklahoma and Xansgs, ic flat sﬁd is underlain by Pénﬁs&lvanian
fotmationg. Altitudes in the district vary from ébout 780 to ebout
1200 feet above sea level. The surface is drained principally by the

southward flowing Neohso and Eprirg Rivers,
STRATIGRAPHY

The youngest consolidated formations of the Tri-State district
ere of Pennsylvenian age; The ore deposits in these fofm&tions were
not studied by the writer, emnd therefore the stratigrapby of the
?énnsylvanién Systenr i8 not considered here., These are underlain by
Mississippian formations which like the Pennsylvanian ere exposed in

numerous places within the dis:rict. Older formations &re not exposed,

SN, M. Fenneman, Phyeiography of Eastern United States, McGraw-
Eill, New York, 714 pp., 1938.




but have been encountered in deep drill holes. These are of Devonian,
Ordovician, Cambrian, and Precambrian age. The oldest of these forma-
tions are granites wh_iéh ha_ve b;en reached_ in deep drill holes at the
following localities:v 1) the Bird Dog mine in Okleshoma (SWY, SEY%, SE%,
Sec. 13, T. 29 K., R, 22 E,) at 1245 fee:i:,6 2) the John Beaver mine in
Oklahoma (§W%, §W%, SEX, Sec. 19, T. 29 N., R. 23 E.) at sbout 1775
£eet,7' 3) a dgep wgtef well at the cgty of Miami, Oklahoma (SE%:, SE%,
sWk, Sec. 24., T.;2>8> ,H.,. R. 22 E.) at 1655 feet,s_l;) a deep well at
Carthagé,;Kissour§ (v, swy, NEX, Sec. 3, T. 28 N., R. 31 W.) at

1745 feet.? At the nofﬁhwest margin 'of ‘.thé dis‘tri-ct,‘ granité vas
reached in a well at COIum_bu_s," Kansas (N'E%,‘ KE%, W%, Sec. 13, T.

33 5., R. 23 E.) at 1770 feet.10 Although Weidmenll believed the
granite encountered in the B‘irbd Dog well end that which outcrops at
Spavinaw, Oklahoma ab‘ouvt 40 miles south of the T:i-sgate district, to

be intrusive, most geblogists Qonsider them to be Precambrisn.l?

- bgamuel Weidman, "The Miami-Picher Zinc-Lead District, Oklshoma,"
oOkla, Geol. Survey Bull. 56, p. 26, 1932.

Tu, A, Ireland, "Pre-Cambrien Surface in Northeastern Cklshoma
and Parts of Adjacent States", Am. Assoc. Pet. Geol Bull., vol. 39,
p. 478, 1955.

81bid.

- 98, G. Baiun, C. R. Van Ha.ée, and Georpe I. Adane, "‘Preimmary
Report on the Lead &nd Zinc Deposits of the Ozark Region » U. 8. Geol.
Survey, 224 Aunn, Rept., pt. 2, p. 77, 1901,

10ye1dman, op. cit., p. 6.
~ 1lypid., pp. 77-7S.

121re1and, op. cit., p. 482,



Faleozoic pre-Miseissippian formatione recognized by insoluble
residue studies by the Miesouri Geclogical Survey from cuttings from
deep drill hecles in or near the ¢istrict include the fellowirg:
Cambrian Larotte Sandstone, Eomneterxre Lolomite, and Fninerce Raloultey
Ordovician Gunter Sendstone, Gecccnade-Van Buren Dolomite, Rcubidoux
Sandstone, Jefferson City Doiomite, end Cotter Dolauite. Siluiian~
formations are wissing in the Tri~State district.t3 Eevono-Missiésipw
plan (Chattanooga)'shale was reported to be present at depth in same
paxt5‘§f the district.by.sz‘.ebenthal}4

'Tﬁe Misaissippian system consists of the Kinderhcokiazn, Cszpean,
Veramecian and Chesterian Series.  The top of thé Missiseippien System
contains the Carterﬁiile Formation which,beléngs ﬁo tiie Chestericn
Series. The prﬁnéié#l ore hodies lie ﬁithin,the Meremecion and
Osagecn Series. These have been subdivided byszwler and'Lfdeq;S
who heve designated the subdivisions, which they commonly refer to
as beds, by letters. C through J were ascsigned to successivaly
lower subdivisiéns 6£ the Meramecian Warsew Forﬁétion; the letter I
w#s not'utilized; K through M were used fof eubdivisicns of the‘

Osegean Keokuk Formation whichk underlies the Warsaw. A prominent

idnzyumond €. Mcore, et al., "The Kansas Rock Column', Kensas
Ceol. Survev Full, 89, pp. 116-117, 1851,

l4c, E. Siebenthal, "Minersl Resources of Kortheastern Oklshoma®,
U. £, Geol. Survey Bell. 240, pp. 25-26, 1908.

15George k. Fowler, and Joseph P. Lyden, "The Gre Deposits of
the Tri-State Bistrict", 4m. Inst. Kin. Ket. Eng. Trams., vol. 102,
p. 218, 1832.
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colite in the Keokuk Formation, the Short Creek colite, is placed
at the tep of M bed by Lyden.16 It is commonly ueced ae a marker
for surface and subsurfeace stretigrephic end structural studies. The
presence of the bBurlington Formaticn between the Keckuik and Grand Talls
Formation is uncertain, Other investigators have not found the Burl=-
ington Formeticn in this ares. 17 N through G encempase the Grand ¥Fells
¥ormation of the Csagean Series,i® R wae assigned to the Reeds Spring
Formaticn of the Oszgean Series., The St, Jce Formation &t the base of
the Osagean Series was not assigned a lettex. Only one mine, the
Riverside mine, is known to have produced ore from this feoimation.
The Kinderhookien Series, which includes tle Rorthview Shale and the
Cﬁmpton Lizmestone ccours principally on the east margin of the districe,
but ig not encountered in the mines,

A generalized stratigraphic colunn cf the Carboniferous forumations

modified aftey Lydenlg is given in Table I.

16Joseph P, Lyden, "Aspects of Structure and Mineralization
ced &s Guides in the Irevelopment of the Picher Field”, Am. inst. Min.
Met. Eng. Trens,, vol. 187, p. 1253, 1930,

17Raymond C. Moore, George M. Fowler, &nd Joseph F. Lyden, in
“"Contributions to a Knowledge of the Lead and Zinc Depesits of the
Mississippi Valley Regicn" edited by E. §. Bastin, CGeol. Soc. Americe
Spec, Faper 24, p. 9, 1939; L. M. Cline, "Oszze Formations of Southern
¢zark Region, Missouri, Arkansas, and Oklshoma", 4m., Aseoc. Pet. Gecl.
Eull., vol. 18, p. 1153, 1934; acd L. R. Lavden, "Stratigraphy of Csaye
Subseries of Northeastern Cklzhome", An. Assoc. Pet. Cecl. Bull., vol,.
23, p. 325, 1939,

18George M. Fowler, et al., "Chertification in the Tri-State
Mining District", Am. Inst. Hin. Met. Eng. Trams., vol. 115, p. 110,
1935,

1%1yden, loc. cit.

As——



TABLE I

STRATIGRAPHIC' COLUMN OF CARBONIFEROUS FORMATIONS IN THE TRI~-STATE DISTRICT

System Series Formation |Bed] Thick~ Lithology Importance as an
‘ : n2es | . Oxe Horizon
Pennsyl-! Desmoinesian Several 0-300 Dark shale, sandstone Minor importance
vanian | Morrowan & Atokan| -~ o o : :
- Chesterion - Carter- <160 | Linestone conglomerate, Minor importance
S ville shale and sandstone ‘ .
St, Louis| B | 0-20 Limestona Unimportant
SR TR NS S e SRS S
C. | 0-32 lLirestone and chert nodules | Unimportant:
D {18-22 “Cotton rock' and chert Minor importance
B | 5-8 Limezstene and chert nodules. | Minor Importance
_ » F |12-15 “Cotton xock' and chert _Unimportaat
Mersmecisn Warsaw g 30-40 | Thin bedded chert and lime- { Important’
stone :
J | 0-4G | Gleauconitic, shaly lime- . - Unimportant
- . N N . stone esnd chert . .~ .. .} . .
, | K | 0-40 Limestone and chﬁrt nodules | Very {imrortant
Mississ- L | 0-35 Chert Unimpoxtrnt
ippian : y
: Keokuk 2-5 Short Creek oolite Member Most important
M| 0-70 Limestone and chert nsdu]es '
N [20-30 Chert Minor importance
_ D | 8-10 Thin bedded chort and lime- | Important
Osagean : stona
Grend Pl 0~10 | Chert Minor importance
Falls Q1 0-10 Thin bedded chert and lime- Minor importance
L] stone e e
Reeds R {50-100 | Limectone and dark chert Important
Spripg ' nodules
St, Josz 30 Limestone spd chert _nodules | Minor imnartancae
Rinder- Northviamn 5-10 Shala Unimportant
hookian Compton 3-10 Limestone Unimportsont

Al



STRUCTURE

The Tri-State district is located on the northwest flenk of the
axis of the Ozark dome. The regionazl dip in the district is toward the
northwest 2t fifteen to twenty feet per mile.

Strqctures of lesser magnitude in end near the Tri-Stete district
are: the Horese Creek anticline, the Semeca fault, the Joplin enticline,
the Lawton trough, and the Cow Creek anticline, as shown in Figure 1.

The Eorse Creek gnticiine, fifteen miles gouth of the district,
was’ described by Siebeﬁthalzo as an:asymmetrical fold with & gertle
no:thwés: limb dipping two degrees and a steeper aoutheast‘limb dipping
- from five to eighteen degrées. The structure is observed about ten
miles eést of Tiff City, Missouri, from whence it trends duéAwest to
the Misgouri-Gklahomz line and then west-southwest to the vicinity of
Eig Caebin, Oklshoma.

| The Seneca fault or syncline, ﬁhich crosses the Horse Creck
anticlihe ebout fifteen miles south of the district, was described
by Siebenthal?l and by Weidmen.?? Siebenthal called the structure a
double fault, but Weidman believed the structure to be a éyncline with

associeted faulting., The structure extends from Seneca, Missouri,

20¢, &, Siekenthal, "Mineral Resourcees of Northeaetern Cklahoma®,
L. 8. Geol. Survey Bull. 340, p., 198, 1908, ‘

211bid., p. 197.

: 225amuel Weidman, "The Miami-Picher Zinc-Lead District, Oklehoma",
gkla. Geol. Survey Bull. 56, pp. 35-36, 1932,
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southwestward to Coweta, Oklehoma, Displacerent along this structure
iz reported to vary from 90 to 140 feet, causing Chester end Pennsyl-
- vanian rocks to be preserved within the etructure.

Smith and Siebenthal?3 described the Joplin enticline aad con-
structed a structure contour map of the Joplin field based on the top
of the Shoft Creek QOolite., This fold enters the field ftém the south-
esst and trends toward Joplin, causing the Ehort Creek Golite to rise
40 to 50 feet perx nile. In the vicinity of Joplinvthe fold flattexns
out and loses its identity, but northweset of prlin the anticline re-
appesrs.

The Lewton trough was shown by Pierce?4 on & structure contour
map of the eastérn portion of Cherokee County, Kansés. The structure
is éiscontinuous, and trends néarly‘pargllel tc, end ebout three cr
four miles from, the Joplin anticline., The meximun difference in
elevation of the base of the Cherokee Shale caused by the structure
'ié gbout 120 feet,

.The Cow Creek anticliné, four miles west of the Joplin enti~
‘clice, waé deccribe& by Smith and Siebenthal.25 it ie observable as
a rather sherp, northwest trending fold in the Cherokee Shale socuthwest

of Cow Creek), near Lewton, Kanses.

23y, s, Tangiler Smith, end C. E, Siebenthal,"Description of the
Joplin District', in Geologic Atlas of the United States, U. £. CGeol.
Survev fcoliio 148, p. 9, 1807,

24y, G. Pierce, "Contour Map of the Bace of the Cherokee Shale
in the Zinc and Lead District of Southeastern Kansas", Dept. of the
Interior, Memorandum for the Press, 1935,

25smith end Siebenthal, loc. cit.
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In the Pichexr field the largest structures ere the Miami eund -
Bendelari troughs. Thece structures &re known both from drilling and
from their occurxence in some minea.26' The trend of these structures
is bect illustrated on a. tectonic mep of the Picher field by Fowler, 27
The Miemi structure: trends northeast-north through thé wectern portion
of the Picﬁer field and the Bendeleri structure trends northwect from
the Miemi structure toward the rorthwest pertion c¢f the Picher field.
Thellimbs of these structures gppear as.distinpt‘faults it sowe mines;
‘a@s shown in Figure 2, but occur as breccie zones in other mines, as:
illustratgﬁ in Figure.3, While Fowler?8 and Lydep29,believed that these
etiuctﬁres &xe & series of graben £au1t'blocké or ttoughs;‘weidmaﬁ30
thought that the Miemi structure was @ eyncline with associated fauite
in',‘and'siebenthal31 believed that'this structure was formed by under=~

‘ground solution. Pierce32'beligved that all three processées were in

26Fowler eﬁd'Lyden; op. cit.;, p. 228.

 27george M,>Fow1éf;."Structural:béfofﬁatlbﬁ and OreADePCSits",
Eng. Mining Jour., vol. 161, no. 6, pp. 184~183, 1960.

_ _ szeorge M. Fowler, "Structural Control of Ore Deposite in the
Tri-State Zinc and Lead Blstrlct” Eng. Mining Jour., vol. 13%, no. 9,
Pe 46 1¢38. .

29Lyden, op. cit., p. 1254.

30gamuel Weidmen, "The Miami-Picher Zinc-Lead District, Oklshoma",
Okla. Geol. Survey Bull., 56, pp. 31-35, 193¢.

3lc. E. siebenthal, "Sub-Shale of Picher Lead end Zinc District”,
U. S. Geol. gurvey Circ. 17288, . 4, 1927, cited by Samuel Weldmau,
TThe Miemi-Picrer finc-Lead District, Oklahowa R Oxla. Geol Survey Bull,
56, p. 32, 1932.

32pqerce,, op. eit., p. 2.



"igure Z. Faulted contact alorg the ¥iami trough between

umnineralized Chester limestone (left) and wineralized M bed
& geuge wore cbout four inches wide occurs along the contact

beneath the pick. Elue Gooee Ke. 1 mine.

Figure 3. Ereccileted wone in G-H beds &l

The limestone blecks (light grey) zre cemented
The lower left portion ¢f the photegreph is ¢ p
from wining. 4nua Beaver wirne,

bl ot o i W
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evidence along the structures, Naething33 thought that the Miami
structure represented‘a pre-Chester erosicn chanmel, controlled by
pre~Chester faulting, which suffered post-Fennsylvenian faulting.
According to Lyden,the Miami structure:

« « « contains slong its trend a series of elongated

greben fsault blocke, 500 ft to 1200 £t wide, and one

half to three fourths of a mile long, that dropped

vertically 100 ft to 250 ft,34
A faﬁit of‘?recamﬁiian #ge in the Precambrian basement rocks rearly
coincident in trend with the Kiaﬁi structure and with tﬁe west:side
.upthrown egbout 600 feet has been inferred by IrelandBS from studies
of logs_of deep drill holes in Kensasvand edjoining stetes. Yet
Jakosky, Dreyer and Wileon3® concluded thet the Miami trough is é
relatively éhallow etructure which does not reach the beasement, since
the structure causes no discernible négnetic :nomaly.‘

Various types of glump structures in the district formed by

solution of limestone beds have been described. Smith and,Siebenth3137

described the occurrence of “circles" in the Joplin field and concluded

33poster S. Naething, “The Oklshome-Kansae-Missouri Zinec-Lead
Field", Eng. Mining Jour., veol. 122, mo. 16, p. 605, 1926,

34ryden, op. cit., p. 1253.

35, A. Ireland, "Pre-Cambrizn Surfece in Northeastern Oklehoma
and Parts of Adjacent States", Am. Assoc. Pet. Geol. Bull., vol. 3¢, p.
480, 1955, | == =

263, J. Jakogky, R. M. Dreyer, end C., H, Wilson, "Geoplysical
Investigations in the Tri-State Zinc end Lead Mining District', Kangas
Geol. Survey Rull, 44, pp. 148-149, 194?.

37Smith and Siebenthal, op. cit., p. 11.
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that the most satisfectory explenation for the origin of the “circles"
was ‘through the agercy of undexground solution. They described Gimlet
circle in some detail, It had a diameter of between 400 and 6CO feet
and the center consisted of a broken shzle masc which extepded downverd
at least 60 feet. The outside chert wall exhiblted brecciation in
horizontel planes and the breccia was cemented ty jasperoid.

Schnidt and Leonhard38 described the circular deposit at
Oronogo sné escribed its ;rigin to uﬁderground solution of.iimestone.
This circular structure exhibited a diameter pf;more then one mile
and the brecclated central portion had slumped more than 70 feet.

'Lfdeﬁ39 described slump stxuctures which he attributed tb
settling end cgving of_the be66 into solution-made openings in lime=~
stone,

The writer observed slump structures filled with shele in

- some miﬁes in- the Picher field. Iﬁ some Bf these slumps tbe shale appecrs
to be similar‘to fhe Cherokee Shale, but other sglumps are filled with a
mud. It is,uncértain‘whéther tﬁié material slumped froﬁ tke overlying
Pen#sylvanian Shales. Similer structures fiilea with large limestone
blecks and éhaly calcarecus material were-obéefved by'the-wriﬁer in

the Big Elk and other mines.

384dolf Schwidt, and Alexander Leomhard, "The Lead and Zine
Regicns of Southwest Missouri', Mo. Geol.-Survey Rept. for 1874, pp.
486~487 and 522, 1874.

A39Jo§eph P. Lyden, ''Aspects of Structure and Mineralization Used
es Guides in the Development of the Picher Field", Am. Inst., Hin. Het.

E_‘iﬂn TranSQ, \'Ol._v].S?. ppo 1254"1255’ 19500
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.PiEe slumps have been described recently by Lyden.40 They ex-
tend from O bed upward and some reagh into the Cherokeé Shale. They
are cylinérical in shepe, apprqximately 100 feet in diametef, about 3090
feet in height,_and théy have dropped reletive to the surrounding beds,

Folding or filexing of the beds in tne Tri-State district hzs
been long recognized. Smith and Siebenthalél detected folding és
depicted on s;ructure contour maps based on the top of M bed. More
recently Fowler end Lyde 42 M;Knight@43_Fow1er,44 and Lyden®3 have
recognized flexing es illustrated by structure contour maps based on
the tqps_of various beds. They believe that the flexing is relgtea
to regional deformation of the strata. -

Vertical fractufing‘has been mapped in detail in the wines by
Fowler and Lydenaaland by othe; company geolpgists. Theee fractures
are discontinuous vertically andvhorizontally and in places they are
filled with pink dolomite., They are mapped from thei? exposures in

the working faces aund in the roof. The fractures are thought by Fowlier

401pig., p. 1255,
41gmith end ‘Siebenthal, op. cit., p. S.
42Ceorge M. Fowler, end Joseph P Lyden, '"The Ore Deposits of the

Tri-Stete Bistrict", Am. Inst, Min. Met. Eng. Trems., vol. 102, p. 226~
229, 1932, :

: 43g, T. McKunight, et’ el., Haps Shewxng Structural Geology &nd
Dolomitized Aress in Part of the Picher Zinc-Lead Field, U. S. Gecl.
Survey Tri-State 1nc~Lead Investigations Preliminary Meps 1-6, 1944,

44George M. }cwler, "Structural Contycl of Oxe Dep031ts in the
Tri-State Zinc and Lead District", Eng. Mining Jour., vol. 139, no. 9,

p. 46, 1938,

| 45ﬁyden,‘gg. dit., p. 1253-1234.

46Fowler and Lyden, op. cit., p. 226-229.
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and Lyden to be related to the flexures end hence to regional deformation.

GERERAL FEATURES OF THE ORE BODIES

All of the ore depceits in the Tri-State district exhibit
three outetanding features: 1) a close relationship to the surface
of the earth, Z) & remarkable sreal extent, and 3) nc associaticn with

igneous rocks.

The wost striking features cf the ore deposits is their cicse
relationship to the surface of the earth, All the cre deposits are

less then 475 feet from the surface.

The deposité extend over a remarkably large &reza covering

more than two thousend square miles along the flank of the Ozerk dome .

The igneous rocks in thé district are Precambrian in zge.
Crystalline Precambrisn rocks are trensected in drill holes in &nd
near the district. Crystalline rocks outcrop in a Precambrian knob

at Spavinéw, Olklehoma, forty miles south of the district.

The ore bodies of the Tri-State district may be divided into
two groups of different character: 1) deposits locezlized in filled
sihk getructures, end 2) deposits loceliged in frsctured and brecciated

Kiesissippian formations.

Ore deposits locelized in filled sink structures

Ore ceposits localized in filled gink structures potcsess
roughly circulsr shapes, end hence they are called "circles”, The
"eixcles" occur where the Pemnsylvanian etrata are present, and have

been mined principslly in the northeesteru fields of the distxict.
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The relationship between thie ore bodies and the sink structures
was excellently exhibited at the 0ronogoa7 &nd Gimlet "c:fon:les",‘*8
and at the Potter-Sim's Snapp mine%® two miles porthwest of Oronogo,
Missourli. They have dismeters of &s much as 800 feet and reach depths
over &0 feet. Commercial ore was generally confined to the bottoms
and mergins of the étructures, but lesser amounts of sulfides were
disseminated through the shale in some einks,

Eleewbere in the Pennsyivanian shales, as veported by Buckley
and Buehler,so sphalerite occurs as small disseminated crystals, as
seams and veinlets, as nuclei of iromstone concretions, e&s the inter-
ior of septaria, andvas centers of plant stems, Haworth?l reported a
commercial deposit of lead &nd zinc in Penesylvanian strata et
Pleasenton, Kancas, After summarizing numerous occurrences of
ephelerite and galena in Leavenworth, Atchison, Douglas, Miami,
Bourbon, Anderson, Osege, Coffée, eand other counties in Kensas, he

eteted that:

475chmidt and Leonhard, op. cit., p. 4B4-487; Arthur Wimslow,
&nd Jsmes D, Robertson, "lead and Zinc Deposits", Mo. Geol. Survey
ReEtd. VOl. 7’ p’p¢ 573"576, 1894.

48gmith end Siebenthal, op. cit., p. 11.

4%alter V. Seeright, Guidebook, Field Trip, 24 Amn. Meeting,
Assoc. Mo. Geol., Mo. Geol. Survey Rept. Inv. 20, pp. 11-13, 1955.

50E, R, Buckley end H. A. Buehler, "The Geology of the Granby
Area", Mo. Geol., SBurvey Rept., vol. IV, 2d ser., pp. 81-82, 1905,

51Erasmus Haworth, "Special Report on Leed and Zinc', Kansas
Gecl. Survey Rept., vol. VIII, part I, pp. 63-70, 1904,
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It is probable that similar discoveries could be made in
&lmoet every township in the eastern fourth of the state,
Apparently the shale beds contain vast qusntities of
these ores, and the limectone & small amount,32

Ore deposits localized in fractured and brecciated rock

Ore deposits‘located beiow the Pennsylvanien shelex, ere
localized in fractured‘and brecciated Mississippian cherts &nd lime-
stones. _The general shapés of these ore bodies may be grouped into
two types: 1) elopgated ore;bodieé of chert breccias called “runs",
which follow the bedding, but breask through to other beds in places,
anpd 2) partly broken chert bodies which follow the bedéing and are
referred to in the district ac "sheet ground", These have large
horizontal extent compeared with their thickrese. The runs are wmost
common: in M bed, but they also ere common in some beds ebove M and in
R bed (Reeds Bpring) below M, These "runs” mey be as much &s two niles
long, 150 feet wide, and B0 feet kigh, but “rune' of emaller dimeneions
ere wore common, The sheet deposits are confined to O, P, and § bedce.
These ere wined to a height of about ten to thirty feet, end generslly
have a laterzl extentiof»loeo_feet Or more.

The principal gangue minerals of the ore bodies in the "“runs"
and "eheet ground’ are jesperiod &nd dolomite. Dolomite is more
ebundant in the center of the ore "runs" while jesperoid is more prev-
elent at the margins of the "runs",

The ore ""runs"” are releted to flexing end fracturing of the beds.53

521bid;, p. 74,

53Jbseph P. Lyden, "Aspects of Structure and Kineraslization Used
as Guides in the Development of the Picher Fileld", 4m. Imst. Min. Met.

Epg. Tranms., vol, 187, pp. 1234, 1950.
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The fracturing is best seen ir the roof end working faces of the mines;
thé mincr folds are best expressed ty structure contour meps besed on
the bottome of the various beds. The beds ere géner#lly most fractured
on the flanks of the nirdor félds, and hence the ore "runs" generally
follow the flenks of these folds, Yet,'some ore "runé“ apperently do
not follow flexures or fracturés, and some flexﬁr&s end fractures cross

the ore "runs"‘withoﬁt'any apparent control cn the locetion cf the ore,
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GEOPHYSICAL PROSPECTING

No satisfactory geophysical method hgs yet been employed to
congistently find ore in the Tri-State district. Geophysical end geo-
chemical investigations in the.district have been summarized by
Hambleton, Lyden and Brockie;54 the most deteiled investigations were
those of Jakosky, Dreyer and Wilson,?>

Magnetic anomalies show no definite relationship to the ore
deposits.56 They probably ere reiated ﬁo variations in msgnetic
properties of the Precambrian rocks rather than to variations in
magnetic properties of the overlying sediﬁentary rocke.

Gravity meter surveys for the Eegle-Picher Company in 1939
and 1842 indiceted that the Picher field ". . . is a terrace or bench
that is subordinate to a'baéemént'structure, which lies to the scutkeast" .-/
In local areas, Jakosky, Dreyer aznd Wilson5€ found that negative gravity
anonelies were asscciated with fractured and cavermcus ereas, which in

places have been mineralired and in other places have not. They found

54wiiliam W. Hembleton, Joseph P. Lyden, and Dougles C. Brockie,
"Geophysicel Invertigations in the Tri-State Zinc &nd Lead Finin" Digtriet",
Kences Geol. Survey Bull. 137, pp. 357~ =375, 1959, '

553, J. Jakosky, R. M. Dreyer, end C. H. Wilson, "Geophysical
Investigations in the Tri~State Zinc and Lead Mining District", Kanszs
Geol. Survey Bull, 44,p 151, 1942,

56Jlk0sky Dreyer, and Wzlson, op. cit., pp. 141-142

57H;mbleton, Lyden, and~Brockie, op. cit., pp. 363.

- 38Jekosky, Dreyer, eund Wilsom, op. cit., pp. 1%2-143,
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that gravity minima were also related to depressions in the limestone
surfacg.

' Ggothermal surveys by Jsakosky, Dteygr end ﬁilsbnsgyindicated that
temperature minima were releted to depressions in the iimestone surface
in a few places, but a‘cdnsistegthrelationship betwgen tempereture
variations and'struétural‘conéitiqns~or mineralized zomes was mot found,

Radioactive surveys conducted by.Dreyer5Q have proved of no value
in outlining ore deposits.

Resigtivity surveys by Jakosky, Dreyer, end Wilsonbl have proved
of value in locating water-saturated, brecciated and fractured erezs,
which may or may‘nqt contain ore. Resistivity enomalies also‘were ,
releted to the configuration of the lﬁmestone‘suxface. 8elf-potential
surveys by the same 1nvestigators62 showed»tha: kigh eself-potential
anomelies were associated with low rescistivity and with grevity minima
in one area, but in other ereas there wés novcorrelétion between self-
poﬁential anomaliec and structure or mineralizatiom.

Radioc surveys 1ccéted fracture and fault zénes‘which reach the

eerth's surface, but did not reveel those which do not reach the surface.63

59 jgkosky, Dreyer, and Wilson, op. cit. pp. 145-146.

60z, u. Dreyer, "Radioactive Surveyswin the Kansas Part of the
Tri-ftate Zinc end Lead Mining District, Cherokee County, Kanses',
Kensas Geol. Survey Pull., 76, pp. 113-120, 1948,

61Jskosky, Dreyer, and Wilsom, op. cit.. pp. 144-145,
623&kosky, Dreyer, and Wilgon, op. cit., pp. 143-144.

63Hambleten, Lyden, end Brockie, op. cit., pp. 368-363.
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Seismic yvefraction wurveys were conducted by the Eagle~Picher
Company in 1955 in an attempt to locate shale deprescions and slump
erees at the base of the Penneylvenien shale.%% Since slumping of
shale is localiged over aréas of fracturing and solutiocn thinning of
the urcerlying Hississippian formations, these arees may contain ore.
Three of the enomalies outlined by this methcd were drilled to determine
their cause. One andmaly was. caused by shele filling of an erosional
depression and the other two eanomzlies were due to eandstone lemses in

the Pennsylvenian shale.

641L4d., pp. 370-374.
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PREVIOUS INVESTIGATIONS OF PARAGENESIS

The Tri-State'distfict has been a subject of intensive geolegic
study because of its economic importance &s one of the lesding zinc-
producing eregs in the world, but studies of parageunetic sequence
heve usually been incidertal to field investigatione. Those investi-
gétcrs who'dealt with paragenegis heve differed in: 1) techniques
cf study, 2) arees 1nvestigated; and Sj.interpretations cf textures.
As a result, verious sequences of paragenesis have been proposed and
this has lead.to a confused state of paregenetic interpretation., With
the hope of clarifying'this confusion, the writer took up the present

study.
PREVIOQUS TRACE ELEMENT STUDIES

For a long time the existence of emall esmounts of mincy elements
in the Tri-State ores has been known end some have been produced com-
wercially., The distribution‘bfbthese trace elements in the district
has been investigated to a slight extent by analyzingbulk rock samples,
but no investigation has been published which deals with the ereel and

stratigraphic distribution of the trace elements in eingle minercls.



CEAPTER IIT
MINERALOGY
INTROLUCTION

The most importent minerals of the Tri-State cistrict are few
in number end simple in composition, :Thgy ate:. quartz, dolomite,
calcite, sphaierite, gélena, ckalcopyrite, pyrite and marcasite, In
their simplicity they are like othgr ore depoeits of the so-called
Mississippi Velley ﬁype end ere diffe:ent from those of other types
‘fcund throﬁghout the world,

bThé Tri~-State minerals &re well crystallized, end the individual
crystals coummonly reach large sizes. Crystals of calcite}two or more
feet long heve been'teqorded§5 cfyét&ls qf‘galeng nezriy one foot on
edge are-knbwn,@? and crystals of sphalerite over a foot across have
been éollected¢from the distrigt.§7, For this reason, the Tri-State
c¢istrict has been one of -the most outstanding localities 4in the world

for the collection of beautifully crystallired mineral specimens.

65H. G, Bain, C. R, Van Eise, &nd George I. Adams, “Preliminary
Report on the Leed end Zinc Deposits of the Grerk Region", U. 8. Geol.
Survey, 224 Ann. Rept., pt. 2, p. 110, 1¢01; W, S§. Tangier Smith end C.
E. Siebenthal, Deccription of the Joplin District in Geologic Atlas of
the United States, U. £. Geol. Survey folio 148, p. 13, 1907; Arthur
Winslow and James D. Kobertecn, 'Lead end cinc Deposits", Ko. Geol.
Survey Rept., vol. 7, p. 467, 1894; 0. C. Farrington, "Crysial Forus ¢f
Celcite from Joplin, Missouri', Publications of the Field Colurlian
Mugeum, Geclogical Series, vol. I, no. 7, p. 234, 19CU,

665amuel Weidman, "The Miaxi-Picher Zinc-Lead District, Oklahoma™,
Ckla, Geol. Survev Bull. 56, p. 54, 193z,

67samel Weidman, op. cit., p. 53.



Unlike many of the lead~zinc deposits of the western Uuited
Stetes, the mineralb of the Tri-State district afe not intimetely
intergrown with each other, do not exhibit extensive replaceuent of
one ore minerel by enother, end commorly exhibit druces cr emcrusting
structures, The minerals in the Tri-3tate dictrict are relztively
free from contemination by essocizted minerals. Much of the ore
cousiele of crysitealis wiich vere deposited on the surfaces of open
spaces, one upcn the other as is illustrated inm Figures 4 and 5.
Although the later minerals were deposited on elightly corroded
eurfaces of the older minerals, usually very little intergrowth has
occurred. The uncontaminated meture of the minersals suggests that
each has crystallized alone, rather than with other miunerals.

The important minerals of the ore are ubiquitous. They occur in
&1l of the mines, and the general sequence of mineral cepositicn has
been. the sawe throughout the district, although local repetitioms aund
ouiseions of parts of the sequemnce occur,

Thie seme minerals occur in both the host rocks and the ore
cdeposite. The Miesissippian host rocks comsist primcipally of caleite,
quartz; chalcedony, dolemite and glauconite, and the Penneylvanicn
rocks are_bomposed principally of quertz and cley wmincrals. Tke
difference between rock énd ore is the relative sbundance cf thc
sulfices: pyrite, marcasite, sphalerite, end galena, These may be
preaeﬁt in amounts incufficient to constitgte ore, or in amouuts abundant
enocugh tc form cre deposits,

4 list of the minerzls found #n the Tri-State ore depocits ig



Figure 4. Vug lined with pink dolomite crystals (light gray
to white) surmounted by sphalerite cryetals (darker gray), typical
of minerzlizetion in open spaces, M bed, Lawyers-Chicago Ko. 2 mine,

Figure 5. Galena crystals on pink dolomite crystals, typical
of mineral deposition in vupe., GC-~H becs, &npa Becver mire.
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given in Table II. Here the minerals are divided into two groups,
the major minerals and the minor minerals. In each they are arranged

according to the Dana System.68

68Charles Palache, Harry Berman, end Cliffotd Frondel, The System
of Mineralogy, 7th Ed., vols, 1 and II, John wi.ley and Sons, Inc. s Kew
York, 1944, 1951; Cormelius S. Hnrlbut, Jr., Dana's Manual of HMineralogy,
John Wiley &nd Sons, Inc., New York, p. 609, 1959,
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TABLE 11

MINERALS IN THE TRI-STATE ORES

Major Minerals . Minox Minerals
Sulfides: Carbonctes:
Galena Smitheonite
' Sphalerite . Aragonite
Chalcopyrite Cerussite
Pyrite Hydrozincite
Marcasite Aurichalcite
Malachite
Carbonates: Azurite
Calcite Leadhillite
- Dolomite.
, : Sulfates:
Silicates: Barite
Quertz Anglesite
Cypsum
: Starkeyite -
Minor Minerals Chalcanthite
_ Melenterite
Native Elements: Epeomite
Bulfur: Goslarite
: Linarite
Sulfides: Jarosite
Bornite Plumbojarosite
Wurtzite - Aluminite
Greenockite Copiapite
Millerite Caledonite
Covellite
’ Areenates:
Sulfosalts: " Picropharmacolite
Enargite Mimetite
Oxides: Phoephates:
Cuprite Vivianite
Hematite Pyromorphite
Pyrolusite Wavellite
-Limonite '
' Silicates:
- Kemimorphite
Allophane
Chrysocolla
Kaolinite

Glauconite




34.

- MINERAL DESCRIPTIOKS
Major Minerals

Sulfides:‘
Galena Pbs

Galena occurs s&s &isseminated cr&stals'in jasperoid and gray
dblomite, as well-formed cryetsls deposited in vuge, &5 anhedral
grains keposited contemporaneously with zinc sulfide in stalactites
and as small crystals deposited upon nails.

Galgna .commonly is deposited in vugs upon pink dolomite and
other minerals as is illustrated in Figure 5, page 31.

Galena occurs in crystals from miéroscopic sizes to nearly s
foot 1h'diameeer.69 . The most common form of galena is the cube, often
modified by-the octahedron. Rarely is the octshedron the dominent forw.
Some galena occurs in hopper~like crystals im which the cube faces are
inset in the center and the éides of the hopper are octahedral faces.
The lerger gelena crystalé ogummonly exhibit a mosaic structﬁre, which
h#s been discussed at’lengtﬁ By Buerger.7°

Rarely galena occurs in veins trausgressing the bedding of
limestone and chert as shown in Figures 6 end 7. Silicification is

associated with oﬁe of these veins.

695amuel Weldman, op. cit., p. S4.

70M. J. Buerger, "The Significance of Block Structure in Crystals",
4. Mineraloglet, vol. 7, pp. 177-191, 1932.
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Figure 6. Galena (dark gray;

Blue Goose Ko, 1 mine.
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1) £illing peaxrly verti
fractures in Checter limecstone (medium greay; 2) beneeth Fenns
shele (lighter gray 3). The tongues of galens pinch out downwar
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Figure 7. Alteration halo (center of photogreph, dark gray; 2)
around a very thin galena (light gray; 1) vein trancgressing the bedding,
The galena vein and alteration halo terminated upwerd., The rim of the
halo is marked by discontinuous patches of calcite (white; 3). The
alteration halo comeists of chert wmottled with jaeperoid, whereas the
surrounding countxy rock is chert (light grey; 4) mottled with limestone,
E bed, Netta mine, '



Galena disseminsted in jasperoid was studied by the writer in
polished specimens. 4lthough-under low megnification galena exhibits
ite cublc outline in a general way, under higher magnifications the
contact of the galena with the jaspercid appesrs very irregular with
the quartz grains of the surrounding jzsperoid showing their own out-
lines against the galena. This is well illustrated by Figure §, page 39.

Galena deposited in vugs rarely includes quartz. In such occur-
rences the quértz ié euhedrzl and sppears to be dictributed discon-
tinuously along a former crystal boundary of the galena., Very small
pyrite g:ains occur in some cf these quartz areas within galena crystals.
Some gélena crystals disseminated in jasperoid exhibit hopper shspes
similar to the shapes of some galena crystals grown in gilica gel by
this writer.

The relationship between gzlena and ephizlerite diseeminated in

jasperoid is varisble even in the same polished specimen. MNost commonly
the rotund shape of sphalerite is exhibited against thet of galera.
Some bounderies are straight &nd parallel to the cleavage of the galena.
More rarely sphalerite crystals contain inclusious of gealena, espécially
vwher they are near larger galema crystals. Other boundaries between the
two are wavy and suggestive of & mutual boundary texture,

Gelena disseminated in jasperoid occasionally includes small
grains of pyrite end marcesite. The iron sulfide generally shcws its
bounderies ageinst the galeuna, end rerely do galena veine transect the
maﬁcasite.

Rarely galena occurs in ziuc sulfiée stalectites. This galena

vill be discussed under sphalerite.



That the deposition of galena was not confineé to some past
geologic time is proved by the occurrence of galena crystals, cune-half
to threesqugrter centimeter on edge, deposited on mnails, Specimens of
this occurrence have been examined by the writer at the Joplin Mineral
Museum. Close examinetion of the nails revealed that the galema cubes
were depogited mainly after sphalerite, but comsiderable intergrowth
of the two minerals also is present. Other instances of galena de-

posited on vails end toole have been noted by other investigators.71

Sphtalerite -~ (in,Fe)s

Sphelerite occurs as yellowish brown, modified tetrahedral
crystals in wvugs; as light yellow crystals digseminated through
jasperoitl and dolomite, rarely through chert and silicified limestone;
as sméll reddich biown crystals liring fractures; and rarely &s
stalactites.

In banded jasperoids the bending of the bands, beth below and
above the sphalerite crystals, has beeun observed in a few specimerns,
and it is pictured in Figure 9. This suggests that the jespercic was
not lithified a2t the time of sphelerite crystal growth.

In thin séctions the grain size c¢f the disseminated sphalerite

n

crystals may be seer to range from &bout 0.040 mm. to sbout I um.

71y, G. Bain, C. R. Van Hise, end George I. Ademe, “Preliminary
Report on the Lead end Zinc Deposits of the Ozark Region"”, U. 8. Geol.
Survey, 22d Ann. Rept., pt. 2, pp. 138-139; Austin F. Rogers, pt. Iil
in Erasmus Haworth, "Specizl Report om Lead and Zinc', Kansas Geol,
Survey Kept., vol. VIII, pp. 467-490, 1904; E. R. Buckley end H. A.
Buehler, "The Geology cf the Granby Area', Mo. Geol, Surveyv Rept.,
vol. IV, 24 series, p. B4, 1905,
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Most sphalerite crystals are between 0;45 me, and 0.75 vm. In sone
specimens two sizes of sphalerite crystals are present, smaller grains
'dissem;natgd through the jasrercid end larger grains deposited at the
edge of the jasperoid in vugs. Under lower magnificatione, the in-
‘dividual sphalerite crystals generally exhibit rude, eukhedrel shapes,
as illustrated by Figure 10, but at higher magnifications the sphelerite
érystal boundaries generally arxe revealeé to be quite irreguler and
éharacterized by quartz crystals of the jasperoid generally exhibiting
their outlines against the ragged sphalerite boundaries, as chown in
Figure 11, Occasionally sphalerite crystals include euhedrel quartz
crystals as shown in Figure 12, page 47. Kot &ll sphalerite-quartz
contacts are ureven, soﬁe sphalerite boundaries are quite straight,
even under high magnifications.

Sphalerite generally exhibits its crystal outline against gray
dolomite in thin sections of dolomitic jasperoids, but the reverse is
algo observed. Sphalerite disseminated in dclomitic jasperoid gemerally
exhibits emcother boundgries against dolomite crystals, than it does
against quarte,

In banded dolomitic jasperoid the morzs dolomitic bands frequently
contain the greater bercentage of dissemiﬁated sphalerite, but the
sphalerite cry;tals are iﬁ the quartz portions of these bands and do not
replace thé dolomite. Very rafely.dbloﬁite‘cryétals occur within
sphalerite. Thin eeétions éxhibiting‘the transition‘from jaspercid
quartz to 1imestdné, ré&eal that sphaiexite occurs in the jasperoi§

quartz areas rather than in the limestone areas.



Figﬁre 10. Euhedrel sphalerite

speckled).

The smaller black, rounded grains are glauconite.

Netta White mine. Ordinary light. 30X
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Sphalerite disseminated in Gense white chert has not been
reported previously, but the writer observed this type of occurrence
in the Piokee mice. The'rélétionship between the sphalerite end chert,
as observed ir thin sections, is similar to the reliationship between
ephalerite end jasperoid.i

Sphélerité not only‘is disseminated in jaspercid but 1t also
ie crystallized on the walls of vugs and fractures where it frequently
is depositéd as crystals on pink dolomite, &s pictured im Figure 4,
pege 3l. GCenerally these cfystals are larger than the disseminated
ones., The bases of these sphalerite crystals genmerally conform to
the ehape of the pink dolomite crystals while on their free surfaces
the crystals exbibit their euhedral shspes. In some thin secticns 2
thin coating of quartsz abéut ¢.03 mm. to 0.1 mm. thick was obgerved
on the pink dolomite beneath the sphalerite crystals. This quartz
conforms to the shepe of the pink dolomite crystals, but exhibits
nearly Quhedral quartz ghkapes against the overlying sphalerite,

Rerely the dark brown sphalerite deposited in vugs is zoned.
Such sphalerite usually has a motre yellowish core whilevthe.rhn is a
daerker yellowish brown. Usually the color zones are tramsitional,
but in some crystals they are marked by the presence of éhalcopyrite
crystals which are &eposited before the derker brown sphalerite is

deposited. Although Smith and Siebenthal?? gtated that chalcopyrite

24, s, Tangier Smith and €. E, Siebenthal, Bescription cof the
Joplin District in Geologic Atlas of the United States, U. S. Geol.
Survey folio 148, p. 13, 1807,
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never occurs in sphalerite, the writer moted this occurrence in a
number of'polished ephalerite gpecimens. The chalcﬁpyrite cryctels
are generally anhedral at the base, where they were depocited on the
ephalerite, end eubedral at the top, where they grew out as pseudotetra-
hedrons into'the open space of the vug. The éerker ephalerite sub-~
sequently was deposited upon the lighter sphalerite and chalcopyrite.
| Twinned sphalerite crystals were detected in eome thin sections
by variations {n depth of coclor, offset of the color zones, and the
multiple charscter of the twinning.

Zinc sulfide stalactites and stalegmites are quite rare in
the Tri-State district, but they have been observed ir specimerz from
the Firecracker, Combination, Zig Zz2g and Oswego mines near Joplin.
The specimens exsmined by the writer in the Joplin Mineral Muzeum have
botrycidel surfaces &nd do not poesess hollow cemtral tubes s&s do
those in the Upper Mississippi Valley rinc~lead district,73 hcwevei
some of the stalactites examined by Siebenthal?4 did exhibit capillary
tubes in the center. The largest of those examined by the writer ic
four inches long end one end one-quarter inches in diameter. A series
of sections were cut perpendicular to the length of one gtzlactite and

polished. Examination of these polished surfaces ghowed that the

73A1len. V. Reyl, Jr., et al., "The Geology of the Upper Miss=
iseippl Velley Zinc~Lead District", U. £. Cecl. Survey Prci. Paper 309,
p. 138, 1959.

74c, E. Siebenthal, "“Origin cf the Zinc end Lead Deposite of
the Joplin Regicn - Miesouri, Kamese, &and Oklshoma™, U. S. Geol. Survey
Lull. 606, p. 260, 1515. ‘
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gtalactitic material consisted of zinc sulfide.end three to five

per ceut of gglgna. The zinq_;ulfide éonsists.ﬁostly of isotropic
sphaig:ite,_butvsoﬁe smglliscatteted anisotropic needles, presumably
wurtzite, are'prgsent, but x-ray enalysis of the stalactitic material,
as shqgn 1n‘Tgb1e III,‘did not confirm the presence of wurtzite,
probably because it 1sipresent in an amount below the limit of deﬁ
tection. Prgpa;étiop of thg specimen for x-ray analysis might €lso
have caused wurtzite to invert te sphalerite.

Galena was depogiteé w?th zinc sulfide in some stalactites
and sta;ggmitgs, A etudy ofvthe_ﬁolished epecimens showed that the
genﬁg; of this}type oﬁ’ma;erigl ig galena-free, bgt the tqmainder_
of the ggalagtite contains galeﬁa in e10ngate§ patches averaging
about 0.15 mm..wide;by 1.2'mm. long, which radiate outward. The
percentage of galqna var}es.pxogressively,frpm’aboqt three per cent
near the center of thg‘spalg:tifeto sbout five pexr cent toward the
end of the specimgn. The galggg and ephalerite exhivit mutual
boundaries against one another.

One polished specimen from the Missouri School of Mines ore
picroggopy coilection is alsq quite qe:tainly fram stalactitic
material. This specimen consists qf isotropic zinc sulfide wi;h
marcasite intergrown with and coating the sphalerite. Galena is
not present in this polished specimen.

S:aiactitié zinc sulfide was studied in two thin sections.
Concentric curved bands were observed which very in color from derk

brownish-yellow at the inner margin of each band to a pale yellow



X-BAY DIFFRACTLION DATA FOR STALACTITIC

"TABLE 11

ZINC SULFIDE

relative intensity of diffraction line)

45.

(1 =
(d = interplanar spacings in Angstrom units)
(/\'-‘- 1.5405)
Stalactitic Zinc Sulfide
Syhalerite " {Sphalerite)

A.8.T.M. Index Card
Ko, 5-0566

Firecracker mine

Synthetically Prepared

‘Joplin, Kissouri

I a 1 d
100 3.123 8 3.116
10 2.705 3 2,684
51 1.912 10 1.917
30 1.633 9 1.633
2 1.561 3 1.5€7
6 - 1.351 5 1.353
9 1.240 7 1.242
2 1.209 3 1.211
9 1.1034 7 1.106
5 1.0403 5 1.043
3 0.9557 4 0.958
5 0.9138 5 0.916
3 0.8543 4 0.857
2 0.0244 . ceens
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at thé outer margin of the bend. The bands at the ocuter edge are
ngrrower and more scalloped. . Although the main portion of the
stalectite is composed of isotropic zinc sulfide, needles of
auisotropic zinc sulfide may be seen in the specimen under crossed
nicols,

Recently Evans and McKnight/5 determined the small zinc
sulfide crystals deposited upon the surface of sphalerite stalactites
from the Zig Zeg mine to be wurtzite. These also are intergrown
With4spha1eriteg
| Rarely repetitive crystallization of small sphalerite crystals
was observed in specimens of late stalectitic marcasite deposited
on calcite, &s shown in Figure 13. The sphalerite ﬁrystals are
concentrically erranged upon former growth surfaces of the stzlac-
titic mercasite, They have flet bases but exhibit euhedral tops
because they grew out into open space. Each coating of sphalerite
cryeteis ie covered by marcesite.

Sphalerite deposited on nails has been recerded in the

literature.76 The writer studied such & specimen zt the Joplin

75Howard T. Evane, Jr. and Edwin T. McKnight, “Few Wurtzite
Polytypes from Joplin, Missouri", Am. Miveralcpist, vol. 44, p. 1215,
1959,

76y, G. Bain, C. R. Van Hise, end George I. Adame, "Prelimincry
Report on the Lead and Zinc Deposits of the Orzark Regloxn', U. S.
Geol. Survev, 224 Ann., Rept., pt. 2, pp. 158~159, 1501i; E. R. Buckley
and H, A. Buehler, "The Geology of the Gramby Avresa", Mo. Geol. Survey
Rept., vol. IV, 24 series, p. 84, 1905; Charles R. Keyes, "Diverse
Origins and Diverse Times of Formztion of the Leed and Zinc Deposits
of the Mississippl Valley", Am. Inst. Min. Met. Eng. Transc., vol. 31,
p. 611, 1901,
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Figure 12, Quartz crystals (dark gray) included in sphalerite
(light grey}., G-H beds, Pickee mine. 1QCH.

Figure 13, A band of emall sphalerite crystals (medium gray)
it marcesite (light grsy). 4 second bend of smaller
v

in stalactitic
sphalerite crystale is shown in the upper left, Jopiin. 100X,
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Mineral Museum. The head of the nail of this specimen is coated
by sphalerite crystals ébout one-half to three-qusarters of a
centimeter across.

White, earthy gzine sulfide was reported by Robertspn77 as
occurring et Galena, Keneas. He believed this zinc sulfide to ke
an alteration product of normal sphalerite caused by the ection of

surface weters on that minersl.

Chalcocpyrite ~ CuFeS2

Chalcopyrite occurs in four ways in Joplin ores: most
‘commonly as well-formed érystals &eposited in vugé on pink dolomite
end on‘sphalerite; less often as crystals in or under sphzlerite;
occaeicnélly as brystals or grains disseminated in jaeperoid and
gray dolomite; and rarély as crystals on end in late calcite.

The chalcopyrite Eeposiied in vugs on pink dolouite is well
crystaliiged in éimple, pseudotetrahed:al, disphenoidal ecrystals.
The crystals bases normally tzke the shape of the underlying pink
dolomite and show little or pmo intergrowth with the dolomite,
‘The free ends of the chalcopyrite crystals ere euhedral.

The direct association of chelccpyrite with sphalerite is
more variable. Most often chalcopyrite crystals occur on sphalerite,
but they gemerally do not form a complete coating cver the sphalerite.

Aithough Ridge78 stated that none of the four main sulfides completely

77 Jemes D. Robertson, ''On a New Variety of Zinc Sulfide from
Cherokee County, Kansas', &m. Jour. Sci., vol. 40, 3d ser., pp. 160-
161, 18%0. ’

78John Ridge, "The Genesis of the Tri-State Zinc and Lead Ores",
Econ. Geology, vol. 31, p. 303, 1836,
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cap one anotker, thls writer has collected complete overgrowths

of chalcopy{ite on sphalerite from the Lawyers-Chicago mine. On
scme éphalerite crystals the chalcopyrite crystals are orviented,
tut are wholly unoriented on otliers. An exemination of polished
speciﬁeus sﬁcw that these Ehalcopyrite crystals occaslonally are
inset in the underlying sphelerite,

- Moxe rarely chalcopyrite is included in sphalerite. In such
occurrences the chalcopyrite usually is near the edge of the
sphalerite crystals, haeving accompaniéd the last stages of the
sphalerite deposition. More rarelyithe chalcopyrite is well within

" the sphalerite crystals. The included qhalcbpyiite cfystals gen-
eérally dieplay irregular bases against the ephelerite surfeces on
vwhick they were deposited, but they exhibit eubedral tops beccuse
they grew out into open space. The chalcepyrite crystals bteceme
included in the sphalerite as it continued to be deposited. The
color of this later sphalerite often is darker than that of the
earlier epuslerite, thus forming color zomes within the sphalerite
crystal. The chalcopyrite crystals are symmetrically distributed
along the zoned boundary, and they outline the sphalerite crystal
as it was at the time of chalcopyrite deposition,

Very rarely chalcopyrite crystals occur beneath sphzlerite
erystales, ﬁaving been deposited before the sphalerite. The euhkedral
triangular shepes §f these chalcopyrite crystels preject upward into
the sphalerite &nd the boundary between the two generally is straight,

Rarely smeall veinlets cf sphalerite transect the ﬁargins of the



chalcopyrite crystalé, as is wvell illustfated by Figure 14,

The chalcopyrite crystale deposited on sphelerite generzlly
ere larger than those contained‘within sphalerite. Chaicopyrite
crystals deposited before sphalerite are‘occasidnally &6 much as
four millimeters on edge. Those within the sphalerite average ebout
0.15 mm.

Chelcopyrite crystals of nearly euhedral triangular shape
have been observed in some poliched specimens of grey dolomite.

When gray dolomite grades iqto pink dolomite the amount of chalcopyrite
in the gray dolomite gradually increases toward the pink dolomite,

yet the pink dolomite itself contains little chalcopyrite, alithough
ch#lcppyrite crystals do occur upon the terminations of the pink
dolomite crystals which line wvugs.

The occurfence of massive chalccpyrige‘within jasperoid has
been noted by Fowler.7?

Chalcopyrite deposited im vugs frequently contains intimate
intergrowths of cubic pyrite_crystals agd lath-shaped marcasite
cfystals, &g revealed in polished surfaces}and pictured in Figure 15,

Polished surfaces also have permitted detecfion of chtalcopyrite
witbin calcite crystalsf This chglccpyrite occure in various shepes:
triangular, needleQShaped, and stgr-shaped, Iﬁ these it is associated
with marcasite and pyrite which were deposited.on previocus growth

surfaeces of the calcite crystzals.

79George M. Fowler, Oral Communication, 1855.
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Figure 14. Sphalerite (dark gray) cdeposited upon and
replacing chalcopyrite (light gray). Joplin. 475%, o0il immersion.

Figure 15. FBoranite (mediun gray) replacing chalcopyrite
{light gray)} acd marcasite (very light gray) along a chalcopyrite~
mercesite interface, Marcaeite end chalcopyrite were Ceposited
upon sphalerite (dark gray). Joplin. 475%, oil ifmmersion.
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Pyrite - FeSp

Pyrite occurs as small crystals, pellets end anliedral grains
disseminated in jébberoid, chert, gray dolomife an& limestone, &s
émall_cryst&lé intergrdwﬁ;with marcasite and chalcopyrite, as emall
crystals deﬁosited in vuge on pink dolomité,Asphalerite, galena,
chalcopyrite and marcasite, end as small crystélé included in calcite.
Rexely pyriterécurs iﬁ larger masses &é shown in figure 16, psge 53.
}Buckley end Bﬁehlersc reported Sodieé of pytite‘of "coneideraﬁle
quantity“ at a depth of from 250 to 350 feet in the Grarnby field,
Féwler81 noted allarge mass of-pyrité in the Southside mine, south
of Joplin, | |

| Pyrite commonly is fingly disééminéted in jaséeroid, the
size of.the pyrite grainsvﬁarying from 0.01 sm, to 3 mm. with most
of the grains being betﬁeeﬁ O.OZImm; én&bo.ls mu. The pyrite greins
uéually are cubic, but frequentiy they are ifregular, with jaspercid
quarté crystéls éﬁowing eﬁﬁedtal ﬁoundéries ;gaiﬁst the pyrite‘as
seen in polished surfeces and in thin sectioms. Less often the
ﬁyrite occuré.intéfgrown with mardésite in‘nearly round grains., In
a few polished surfaces,as.shbwn in Figure 17, the writexr has bbserved
these pyrite epherules clustere& together aﬁd forming a texture

described by Rust8? as framboidal, Magnified views of part of the

80Buckley and Buehler, cp. cit., p. 93.
81Fowler! loc. cit.:

EZCeorge W. Rust, "Colloidal Primery Ccpper Cres at Cornwell
Mines, Southeast Missouri", Jour. Gesology, vol. 43, p. 407, 1935.
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ssive pyrite (mecium gray) im jasperoid {dark

Lolomite crystals (light gray) arxe scattered throughout the
specimen.

¥ bed, Lucky Jew Mine,

This texture is difficult to

G-E beds, &t. Joe mive. 50X,
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field shown -in Figure 17, are shown in Figures 20 and 21, page 57.
These grains look similar to those described by other investigators
who heve proposed various machanisms for their origin.
§chneiderhohn®? believed that the pyrite spheres and other
sulfide spheres found in the Mansfeld Kupferschiefer formed by the
reaction of metal dissolved in sea water with sulfur produced by
sulfur bacteria, Schouten8% sgreed with Schneiderhokn zs to the
origin of the pyrite spheres, but argued strongly that the spherical
shapes of the other sulfides indicated‘that they had replaced
spherical pyrite, Love85 by dissolving pyrite spheres from the
Scottish Lower Carbonifercus oil shales in nitric acid reveeled
hitherto unknown microfossils, observable only under magrifications
as high &s 2500 times. He believed that these mictofoseils lived
in the muds beneath still, foul ﬁaters and generated hycrogen sulfide
which caused the crystallization of pyrite upon these organisme and
in the surrounding sediments. Rusté® Gescribed pyrite epherves frow

the Cornwall mines in Missouri, which he believed had formed froam an

835, Schneiderhohn, "Erzfuhrung und Gefuge des Mansfelder
Kupferschiefers", Metall und Br:r, vol. XIV, pp. 144-145, 1526.

84C. Schouten, “The Role of Sulphur Bacteria ir the Formetion
of the So~Called Sedimentary Copper Cres &nd Pyritic Ore Bedies', Econ.
Geology, vol. &1, p. 529, 1846,

85Leonard Gregory Love, "Micro~Organisms and the Precence of
Syngenetic Pyrite", Geol. Soc. London Quart. Jour., vol. 113, pp. 429-
440, 1957.

86George W. Rust, op. cit., pp. 411-412,
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Figuxe 18, Magnified view of part of the field shown in
Figure 17, page 53. &pecimen has been etched with Kn(4 and E9S504.
Pyrite (grey) occurs in the interior asnd st the margins of the iren
sulfide masses; marcasite (white) occurs in radiating crystals between
the pyrite areas; the matrix is jasperoid (black). G-H beds, St. Joe
wmine., 100X,
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Figure 19, More highly megnified view of the field skown in
Figure 17, page 53, ehowing rounded to irregular central pyrite
(mecium gray}, surrounded by radial marcasite crystals (light gray),
which are, i tura, coated by more pyrite (medium gray). Jesperoid
(derk gray) is shown at the wmargins of the photomicreograph. Etched
with KMnO4 &nd B2804. C€-H beds, St. Joe mine. 400¥.
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inorgenic gel.

Pyrite frequently occurs aé very sm&ll grains.disseminated
in chert. These grains generzliy aré irregular in shepe, but some
are euhedral, as shown in Figure 20, pege 57. Rarely the crystals
sre zoned., V¥hen pyrite occurs in chert fregments cemented by
jesperoid it is much less abundant in the chert then in the surround-
ing jasperoid. The pyrite grains in such chert fregments generzlly
vary from 0.003 me, to 0.3 LT vhile those in the surrounding
jaspeicid are larger, varying from 0.0l mm. to 3 wm. Darker cherts
usually contain more pyrite then light cﬁerts aud some derk cherts
contain neerly &s wuch pyrite as the jasperoid. Nost white chert is
nearly void of all sulfides.

The pyrite in some jasperoid, as seen 1g some hand spec;mens
‘end n poliched and thin sections, exhibits geopetal fabricst? in
vhich banés of jasperqid &xre depressgd benesth the pyrite greins.

In dolomitic jasperoid, the pyrite generslly ie ccufired to
the jacsperoid end quartz portions of the specimen, but occasionally
& dolomite crystal conteins small pyrite greins 0.003 mm. to C.0l mu.
across. Pyrite is eepecially sbundant in dolomitic bands which aleo
ere rich in gleucenite,

Pyrite is diesemineted in limestone ss shown in Figure 21,

875runo Sander, trauslated by Eleancra Bliss Knopf, "Con-
tributions to the Study of Depositionsal Febrics", Am. Assoc. Pet,
Geol. Tulsa, p. 2, 1951.
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Figure 20C.
are open spaces.

Figure 21.

Euhedral pyrite (vhite) in chert. Dark areas
M bed, Vhitebird mine. 50X,

Rounded, irregular and subhed:al grains of pyrite

(white) in limestore. ¥ bed, Kemnoyer mine. 400K,



In some lime€stone.the pyrite 1s most abundant in the shaly bends, and
in othexrs it 1is assocciated with stylolites.

Smzll, euhedral pyrite crystals commonly occur on pink dolomite,
ephalerite, galena and chalcopyrite, which line the wall of wvugs.
Thece crystels are dominantly cubes, less commonly cubes modified by
the pentegonal dodecahedron, pentegonal dodecahedronc, end rarely
cubes modified by the octahedron. All of these forms or ccmbination
of forms have been observed in the same hend specimen. The crystals
often are so small that a microscope is required to esteblish
their prerence. Rarely the pyrite crystals form nearly a complete
éoétiﬁg 6vef other minerals. Pyrite crystais génerally'afe not inter-
grown with sPhalerfte or galena, but commonly are intergrown with
chalcopyrite and marcesite. Rerely pyrite is associated with chal~
copyrite crystals included within ephalerite crystals, but the
writer Leas not observed pyrite alene within sphalerite crystels &hich
were depvocgited in wuge,

Late pyrite crystals were deposited on late quartz and calcite.
crystels., It also is included along with marcssité in sowe calcite
crystals, on which bofh minerals were deposited simultaneously and
then covered by more calcite,

Stalectites of pyrite from Joplin, up toAsix inches long, were
reported by Leonhard, 88

Contrary to expectetion, polished surfacesrevealed small pyrite

88s1exander V. Léonhard, ""Notes on the Mineralogy of Missouri",
Traps. St. Louis Acad, Sci., vol. 4, p. 445, 1882.




crystals, about 0.0l mm. across, were included in hemimorphite

formed by the alteration of sphalerite. Since the ﬁnrepléced remnents
of gphalerite usually do not-contain pyrite, the pyrite prcbebly was
formed &t the same time as the hemimorphite. Some of the pyrite has
been wholly or partially replaced by limonite which was formed more

recently then the hemimorphite.

Marcesite -4Fe82

Harcaeite occurs as cfystais deposited in vugs on pink dolomite,
sphalerite, galena &nd §halcopyrite;‘ aslcrystals deposgited on and in
late calcite; ss s@all grains disseminated in jésperoid, gray dolomite
and chert; aﬁd as iﬁtergrowths with stalectitié éphalerite;

Marcasite most commonly occurs as sméll orthorhombic tabular
crystals &b&ut 0.1 mm. long deﬁosiﬁed'in §ugs oun pink dolomite,
sphalerite and chalcopyrite, but larger orthorhombic tebular and
cockscomb-type cryatais are common;. Har;asite éénerally exhibits
little to no iniergrowth vith pini doiomite ané ephelerite, &ithougn
rerely marcasite crystals aré associsted with’éhalcppyrite in or
beneath sphalerite.’ iath—éhaped crystals of marcasite commonly are
intergrown intimately with chalcopyrite. The presence of gramular
aggregates of marcasite crystals aﬁout 0.1 o, lpng have been noted
in some ﬁoliehedvépecimens of ¢ha1co§yrite; Tﬁesé eggregates tend
to be spheres in which chalcopyrite férms the matrix for the msrcasite
greins.

Marcasite frequently occurs as crystzls on galena in wvugs,

a somevwhat favored site of crystcllizetion being the edges of'gﬁlena
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cubes, Marcasite usually exhibits little to no intergrowth_with the
underlying galena, Al;hough Ridge89 stated that none of the four
wmain sulf;dgs completely cap one enother, the present writer has
collected specﬁméns of a complete overgfowth of marcasite on galena.
Observation of polished surfaces has reﬁealed quartz erystals occure~
ring at or near the contact bétwaen galena and marcasite. Those
which are on the boundary are encrusted with marcagite and exhibit
euhedral outlines against this mineral. |

Marcasite occutg'with pyrite as disseminated grains in
h&:izontél bands in'jaéééioid. In these pyriie bande, the marcasite
grainé'usuéliy have gfowﬂ into open gpaces formed by the breeking of
the pyrite bands. o | o

Intergrowths of fine~grained pyrite and métcasite, often
associated with fine-graiuned spbalérite, afe‘dicseminated through
Jjaspercid, Iﬁ these intergrowths, 55'111u§tfated Sy Figﬁres 18 end
19,‘page 55, the pyrite océurs:as rounded pellets, everaging &bout
0.67 mm. in diameter, surrounded by marcasite crystéls, éQeraging
sbout 0.03 mm."iong;’ﬁhich are 1ntetgrSWn with and radiate outward
from the margins of thé pyrité. The fédiai'marcasite, in tufn, is
‘covered by mbrevpyfite;' This pyrite fofms.é'coaﬁing sbout 0.01 mm.
thick, and conforms tétthe'éhepe of the underlying mercasite crystals,
" but 1n places right angles suggeéti#e ofléhe p?fife cube can beléeen.

The pyrite coating takes a better polich end etches to a lighter

89John Ridge, "The Genesis of the Tri-State Zinc end Lead
Ores”, Econ. Geology, vol. 31, p. 303, 1936.
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yellow~brown color than the earlier rounded pyrite. Each area of
iron sulfide discemination generally consists of many of these pyrite-
marcasite groups; | |

Disseminated marcasite occurs in jasperoidal gray dolomite,
but in such rock it §ccurs in.the jaepercid portion.

Where marcesite is pfésent in massive pyrite; part of it is
~ intergrown wifh the pyrite and part is crystalliced in vugs in the
pyrite. |

Some late ca;cite contains small cryctals of marcasite ebout
0.15 mm; t; 0.3 mm.»long, erranged on previous growth surfaces of the
calcite crystals, Thece marcaéite’crysﬁals usually ere uniformily
distributed ovér the caléite cryétal faces; But in some calcite
crystals, observed i# the Missouri Séhool of Mines museuﬁ, marcacite
is concentrated along the edges of the caléite, end in others it is
concentrated along the center of the calcite faces. 1In some of this
calcite, as‘shown in polished surfaces, the marcasite is intergrown
with chalcopyrite.

Rarely stalectitic, botryoidal marcasite has been deposited
upon late'calcite; Microscopic exemination of this marcasite as
shown in Figure 13, page 47, revéaled emall sphelerite crystals
which were repetitively deposited with the marcasite,

Siebenthal?0 described marcasite on étalactitic zinc sulfide
in the Combination mire near prlig.v In one poliched specimen of

material ef this type in the Missouri School of Mines ore microscopy

89¢. E. Siebenthal, "Origin of the Zinc and Lead Deposits of the
Joplin Region - Missovri, Kansas, and Cklahoma", U. S. Geol. Survey Bull.
606, p. 260, 1915,
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collection, this type of marcasite was observed to exhibit & zone of
intergrowth with sphalerite and & little wurtzite 8s much as 1.5 mm.

wide, near the margin of the stalsctite,

Cerbonates:
Calciée - CaCli3

Calcite was deposited as a 1a£e mineral in many forms, as
described by Farringtongl and Rogers.gz Of these the sczlenohedron
is the most common, bgt the rhombohedron is common in places.
Abundent rhombohedral calcite was note§ by Winslow and Robertson®>
at Aurora. The calcite of the Tri-State district generally is
trensparent, nearly colorless to amber in color end occurs in
crystals which are &8 much as two fee; long. This miperal is
sbundant especially along the fringes of the district, as in the
Lucky Jew mine, where ore runs reach out into limy areas. Some
mines contain caves lined with a continuous coating‘of calcite
crystals, These cavee frequently are lenticuler in shape end

generally are void of sulfide depocsition.

910. €. Farrington, "Crystal Forms of Celcite from Joplia,
Missourl", Publicatione of the Field Columbian Museum, Geological
Series, vol. I, no. 7, pp. 232-241, 1900.

S2pustin F. Rogers, pt. 1II in Erasmuc Haworth, “Special
Report on Lead and Zinc", Kansas Gecl. Survey Rept., vol. VIII,
pp. 467-490, 1904,

93Arthur Winslow and James D. Robertson,."lead and Zinc
Deposits", Mo. Geol. Survey Rept., vol. 7, p. 457, 1894,
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Calcite is a common cement for some of the braccies. Along
with galena, sphalérite and other minerals, coersely crystalline
calcite partially to whqlly,fillé the space between some breccia

fragments of chert, jasperoid end gray dolomite.

‘Dolomite = Ca(ﬁg,ye,m)(003)z

Three types of aolomite are present in the Tri-State district-
l) fzne-grained, gray dolomite occurs in beds; 2) coarse-grained
gray dolomite generally in massive beds and as disseminated crystals

in jasperoid and 3) pink dolamlte usually &s crystals in vugs.

Fine-grained Gray Rolomite

| :Fine-grained gray dolomite usuzlly is bedded, but also occurs

as breccia fragménts cemented ﬁy jaeperold and coerser-grained dolomite,
It is paft of the normal sedimentary section of the district. This
dolomite usually consists of intergrown grains less thean 0.05 mm. across,
but in places the ddlomite grains areiembedded {na minoﬁ chert matrix,

as is illustreted in Figure 22, page 6%4.

Coarsegg;ained Gray Dﬁlomite

Coarse-grained, gray dolomite ic intimately associated with
the‘dre and perhaps constituﬁes the best ore guide in the district.
Dolomite-rich areas usually form either the center or one wall of
most ore runs, as is illustrated in Figure 23. It occurs in a
‘variety of forms from massive beds to individual rhombohedral
crystals, cne-half to two millimeters on édge, diaseminéted in

jaspercid. All thin sections of gray dolomite exeamined by the writer



64,

Figuré 22, Fine-grained, gray dolomite (medium grey) in a
chert metrixn (light gray). Smal) black graine ere pyrite. &t. Joe
Formation, Riversicde mine dump. Ordimary light. 1C0X.

Figure 23, Dolomite (medium gray, speckled) wall typicel
of cre “runs'., Kote that the chert lens {white) in the center of
the photograph is broken, but yet it is'neariy in place and cewented
by jaspercid (blacik). M bed, Whitebird mine,
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contained eome jaspercid quartz between the dolomite crystals. Rather
rapid chénges in the ratio of gray dolomite to jasperoid coumonly
produce pronounced horizontal banding,-as is 1llustrated in Figures

24 and 25, page 66, and Fig&re 26, page 67. This is observable in
many mines in the district. Gray délomite, 1ike‘jasperoid, frequently
forms the matrix of ore-bearing chert breccias.

A study of thir sections of the gray dolomite reveals that
individual crystals vary from 0.56 mm, to 2.0 nm. on edge; but most
crystals are from 0,56 mm, to sbout 1 mm. on edge. The shape of the
dolomite crystals varies from euhegral through gubhedral to mearly
anhedral. Usually the smaller the dolomite content of a dolomitic
jasperoid, the greater is the tendency of the dolomite crystals to
&ssume euhedral'shaﬁes and the emaller the crystals tend to be.

Although the dolomite crystals seem to show their crystal
bounderies under low magnification, &s shown ;n Figure 27, page 67,
under higher magnifiéation their boundaries'éppear more irregular,
end frequently‘the surrounding jespercid quartz cryetals exbibit
their own outlines against the marging of the dol&mite rhombs., Some
dolomite crystals include euhedral quart; crystals within their
boundaries. Aléhough larger crystals of gray dolomite mey show un~
dﬁlating extinction, pink dolomite wmore commoniy exhibits this property.

Irregulerly sheped blocks of gray jaspercidal dolomite occur-
ring in jasperoid and dolomitic jasperoid vwere cbserved by the
writer in the Lucky Jew mine and zre illustrated in Figures Z€ and

29, pege 63, end Figure 30, page 70. The bottom margine and sides



Figure 24. Brecciated chert nodules (light gray) in =
jesperoid matrix (dark gray) is showvn in the lower ope-third of
the photogreph. This ic overlain by well banded dolomite (medium
gray) and dolemitic jesperoid (dark gray) greding upwerd into
jesperoidal colomite. Thie, inm turn, is overlain by chert xubble
cemented by jasperoid. K bed, Crawfish mine.
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Yigure 25, Iuterbended jespercidal grey
rin

and jaspercid (hlack) cut by wugs lined with
(white)}. M bed, Wetta wine. ‘



Figure 26, Typical horizentally banced, grey jaspercical
dolomite (light gray) and jasperocid ¢dark gray). G-H beds, Pickee

rnine,

Ficure 27. Coavse-grained, euhedrel dolomite (light grey

to white) in jaspercid {(derk pr
Ordinary light. 50,

Pl b4

“J s

epeckled). M bed, Rette mine.
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Figure 28. Gray jaspercidal dolomite blocks (mediwm gray)
ith bottoms and sides fringed by pink dolomite (light gray) im a
watrix of banded deloaitic jasperoid (dark gray). Jaspercid above
blocks contazins considerzble sphzalerite (epeckled gray) where
that benmeath coutaims ouly a little sphelerite. M bed, Lucky Jew

mine,

-~ g
an

Fipure 2%, Chert breccia {(vhite) sbove blochs ¢f jespercical
s &
dciomite. I hecd, Iucky Jew winc,
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of these blocks were rimmed by pink dolomite, vhile the tops exhibited
a marked concentration of sphalérite. A similar concentratiom of
sphalerite was noted by ﬁhe writer over some chert nodules and lemses
in the Lucky Jew and other mires, as shown in Figure 31. Some of

the banding of the surrounding dolomitic jaspercid bent both under

and over these dolomite blocks, as is well flluetreted in Figure 30,

Pink Dolomite

Pink doloﬁite oécurs 2s saddle-ghaped, rhombohedral érystals
dgpositeduin vugs §n gray &olomife, jagperoid and cheft; and as
frecture £1illings in gr;y dolomite,’jasperaié éné liﬁestone.b It
ﬁpst cqmmonly occurs in runs near areas of g:ay dolomite. “Vexy
little pink dolomite 1s present in the sheet ground

Pink dolomite is sharply defined against some gray dolomite,
but 1t grades 1nto other grey dolomite. It commonly forms veins
in dolomitic Jasper01d. In the Grace B»mine some oﬁ these veins
are frectured and offset, as is shown in éigure 32, page 71,

Some dolomites exhibit a fabric similar to that of a rock

% 1,

wvhich is celled “zebra rgpk" in some other mining districts.
the Tri-State district this rock consists of gray dolomitic jasperoid
cut by thin pa:allel bands of pink dolcmite, which may contain con~
eiderabie sphalerite. A hend epecimen which is eimilar to this type

of rock is pictured in Figure 33, page 71.

94¢, F. Perk, Jr., "Bolomite and Jespercid in the Meteline
District, Northeastern Washington'", Econ. Geology, vol. 33, p. 719,
1938.



Figure 30. Plocks of gray jespercidal deolomite (light
grey) in banded celomitic jeeperoid (dark gray) which is sagged
between the cdolamite blocks. The light bands of gray at the margin
of the blocke is pink dclomite, Czlcite lined cavities are located
in tihe lover left and lovwer right ccrnmers cf photograph. M bed,
Lucky Jew mire,

Figure 31, Sphalerite (wedium gray) deposited upon the
: a rt nocule (light grey). Cementing matris is
rk gray). M bed, Kenoyer mine.
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Figure 32, Pink dolomite (white) filling frectures and vugs
cutting jecpercid (dark grey tc bleck)., M bed, Grece B mire.

Figure 33. Interbanded pirk dolomite (white} and jesperoid
(dark erey) pierced by pink dolomite which aleo fills

hi frectures in
chert (white), &s showr ir the lower half of the photegraph. K bed,

trl..o
Whitebird mive.
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Pink dolomite is difficult to distinguish from gray dolomite
under the microscope, but certain characteristics usually can be
used to permit this distinction to be made, Pink dolomite crystals
generally are abou; one tc¢ two millimeters across, while gray dolomite
crystals generally are lesg than one millimeter. Pink dolomite us~
uglly is quite clear, while the gray cdolomite frequently is cloudy.
Pirk crystals usually exhibit undulatory extincticn, while the
gray crystals tend to‘extinguish uniformly.

Pink dolemite usually grades into gray dolomite toward cavity
walle and exhibits its own pink dolor and euhedral form im the other
direction, vhere it has crystallized in an.open‘space. Ouly ;arely
do arcas of pink doloﬁite contain Quartz,-whereas this is very
common in areas of grey dolomite.

gink Colonite foxms tie major cementing material for broken
blocks of gray dolomite end jasperoid in some places as is showm in

Figure 34.

- Silicates:
Quartz - 5102
Quartz is the most sbundant gengue mineral of the Tri-State
ore cdeposite. It appeafs in four forms: chert, jasPeréid, quarte
druse, end well-formed quartz crystals.
Chext
Chert occurs princié&lly as: 1) massive beds up to thirty feet
 thick,.e£empli£ied by the L and N beds; 2) beds two to six incﬁes thick

ilike those in the G-H beds, shcwn in Figure 35, page-73 and in 36, page 75,



Figure 34. Pink dolomite (white) cemerting and veining
breccic blocks of jaspercidal dolomite (gray). M bed, Whitebird
mine, ‘

Figure 35, Horizontelly banded chert (light grzy) and
jeeperoid (black) typical of wmineralized G-H beds. S5t. Joe mine.

73.
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and in the "gheet ground" of the 0, P and Q beds, shown in Figure
37, pege 75, and Figure 38, page-76;y3) nodu;gs end lenses in rones
parallel to the bedding, like those in the K and M beds, as shown‘in
Rigure 39, page 76,

The chert of the Missiseippian £o:mationé varies 19 color
from white through gray to blue-black. Grobskopf'gn¢y&c0rgcken95.
have sumuarized the characteristics of the cherts from insoluble
residues of drill cuttings from Paleozoic formations in Missouri.
The youngest Miecissippian formation in the district,»the_cgtterville
Formation,is devold of chert except that which occursvas pebbles at
its base. The chert of the St. Louis Formation is white to light
blue; that of the Warsaw Formation is gray and mottled to.almost .
white; while that oﬁ the Keokuk Formation is swmooth to rough, white,
and deuse tc porous or tripelitic, The Grend Fells chert is gen-
efélly smooth, tan to cream, and may be mottled. It is less fossil-
iferous then cherts from the Keokuk or Reeds Spring Formations.
Chert from the Reeds Spring Formation is dense, smooth, subtraunslucent,
an&'exhibits a blue-black color and waxy luster. Fern Glen chert is
smooth textured, lighﬁ tan to white in color, and is subtranslucent
and waxy in luster,

Much of the chert associated with the‘ofe.deposité in the

Tfi-State:distriét‘obvioﬁsly'has beeﬁ altered to soft dull, porous

9530hn G. Grohskopf end Ezsrl McCracken, '"Insoluble Residues
of sowe Paleozoic Formations of Missouri, Their Preparstion, Character=
istics end Application’, Mo. Geol. Survey and Water Resources Rept.
Inv. 10, pp. 18-22, 1949.
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Figure 36, Unmineralirzed horirontally banded and nodular
chert (light gray) in limestone (medium gray)., A calcite vein

(vhite) is shown near the top of the photograph. G-H beds, Piokee
nine, . o :

Figure 37. Thin chert lences (white) sepersted by jespercid
(black) containing sphalerite (gray specks) typiczl of mineralized
"sheet ground’., Jacperoid also fills fractures in the chert. The
vertical edge of the number plate is ebout one centimeter long. 0
bed, Blue Goose Ho. 1 mine,



Figure 38. Reverse side of specimen shown in Figure 37,
page 75, showing breccietion typical of that occurring ift the
“sheet ground beds"., Blue Goose Ko. 1 mine,

Figure 39. Nodular end brecciated chert (white) typical
of K bed, cemented by jasperoid (dark gray). Kote the relatively
undisturbed, horizontal chert lenseés and nodules overlying the
chert breccia, Crawfish wirne.

76.
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and chalky, as illustrated in Figure 40. Such altered chert may
cccur in all of the Missiséippian Formations. Some chert nodules
and lenses exhibit lighter colored margins of this chalky type of
chert. In some of these margins fossil fragments have been partly
or wholly silicified while those in the interior of the chert nodule
are calcareous.

Some of the clert exhibits alternsting bands of lighter and
darker color. These bands are nearly horizontal in chert beds aud
lenses, and are concentric in the noduleg, conforming to the shape
of the nodulgs. Rarely the banding conforms tb the margins of chert
breccia fragméﬁts, as‘shcwn in Figﬁre 41, Somé éf the chert is
mottled, as éhown in Figure 42, page 80; It is coﬁmonl? called
"eoech dog” chert, end it is not confined tc a single fermziion.
The mottling effect is due to tﬁe presence of irregular areas of
limestone, darker chert or jespercid in a matrix of lighter colered
chert. In some plzces, as in the St. Joe miné, chert mottled with
jasperoid grades horizontally into & similar looking chert im which
the mottling is due to pods of limestone. This feature is shown
in Figure 7, page 36.

The margine of some chert nodules and lenses contain
calcareous material containingbfossils. In.éome chert the fossils
still azre calcareous and effervesce freely, but in other chert:
they are partly or completely replaced by silica. This type of

chert wzs called "cotton rock" by Fowler and Lyden,96 but

3 . . Iyden, " posits_of
the Tri-S gfgggjigtrfg ;l’elﬁpd‘[r{gg.&p}%g‘ }igg?riﬁ_gg:rh‘?r:?nr:. Dwfgf. ifls,o
p. 195, 1935,
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Figure 40, Tripolitic margin (white) of brecciated chert
lens (medium gray). The broken pertions of the lens ere displaced
only slightly. Cementing metrix is jasperoid (black). Lower
porticn of photograph depicts loose rock resulting from the min-
ing cpereticn., M bed, Whitebird mire. »

Figure 41, Coler banding of fregments in 2 chert breccia

cdevelcped cfter an esrly etage of breccistien. The cement is
jacperoid (blsck). Picher field. ©Specimen doreted by R. C.
iundin. Specific locelity unknown.
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smith?? pointed out that most geologists of the district have re-
stricted the term to weathered cheri.

Some chert bands e#hibit tep margins which are smooth, in
contrast to their bottom margins which are more ifregular,’as is
shown in Figure 43.A.Other ba;ds do notlé#hib;t this fea£ure.

Brecciation is one qf.the most qutstanding éharacte:istics
ofAthe cﬁert of the ore bodieg, as 1Is weli illgsgratéd iﬁ Figufe
44, page 81 and in Figure 39, bgée_76,. fhe bfeccia fragments are
generally veiy eagular, as shown iﬁ Figﬁfes 45 and 46, page &2,
buﬁ occasioﬁally afe subaﬁgular to subrounded as shﬁwn in Figure
47, page Sé, and Figure 48, pége 83. Chert fragments of several
different cqlors or‘textures may occur in the same specimen, &s is
shown in Figure 49, page 83: In some beds the brecci; fragments
form a mosaic and appear es though they could be placed back to-
gether again into a solid chert layer, a# is well illustrated in
Figure 23, pege b4, in Figures 50 end 51, pege 84, and in Figure
52, pege §6. This is particularly characteristic of G-H beds, but
occasionally occurs in K and M beds, In other beds the chert
breccia is a rubble consicting of a heterogeneous mixture cf frag-
ments with no epparent relatiomship to one another.. This 48 more
characteristic of M bed, but it occurs in other beds. In some
mines a horizontal band of chert fragments of one coclor or texture

mey occur between bands of chert fragments of other colors or textures.

: 97w, S. Tangier Smith, in discussion of "Chertification in the
Tri-State {(Oklehoma-Kansas-}Missouri) Mining Dietrict', by George M.
Fowler, et al., #m. Inst. Min., Met. Eng. Trams., vol. 115, p. 193, 1935,




Figure 42, "Coach dog'" chert. Chert (white) irregularly
mottled by jesperoid (dark gray). G-H beds, Big Elk mine.

Figure 43, Interbended chert (white) end jaeperoid (black)
typical of G-H beds. Note the smooth upper surface of the lower
chert layer, in contrast to the wevy lower boundary ci the uppex
chert layer, €6t. Joe mine. Three-quarters naturel size.



‘Figure 44, Chert breccia (vhite) cemented by jasperoid
(black) eud gray dolomite (medium grey) typical of M bed. Webber
mine.

igure 45, Chert breccia (white) cemented by jesperoid (cark
gray to black) typical of ¥ bed. WNote the ewirling of the jeepercid
bends beneath the large chert fragment at the left center pcrtion of
the photograph. Ncte the sutured boundery on the right sice ¢f the
large chert fragment et the bottem center of the photogreph and the
angular fragments of jasperoid cemented by jacperoid near the nunber
3. The short black lineer features are open vugs in the jaspercid.
M bed, Lucky Jew mine.
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Figure 46. Chert breccia (white) cemented by jesperoid
(black) containing ephalerite (light gray), M bed, Lucky Jew
mine, '

Figure 47. Subanguler tec subrounded chert fragments (vhite)
cverlein &nd underlain by unbrcken handed ghaly limestene and
waceive limestone. An intraformational chert congloumerzte, M bed,
Kencyer mine. ‘



e

Figure 48, Intraformational breccia of the Keokuk Formation.
Subangular to subreund chert fragments (vhite) cemerted by limestome
{(gray). H bed, Vebber mine. ' ’ :

Figure 49, Chert breccis containing fragmente which exhibit
e veriety of tewtures: musssive white, banded light gray

tled. The mottled freguwents consist of chert (light gray
limestone (mecium grey). The fragments are cemented by jaspercid
(daxrk grey). M bed, Lucky Jew mine,
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Figure 50. Moealce chert breccia (white) in M bed, cemented
by jaspercid (dark gray). Much of the brecciz in the left portion
of the photogreph could be pleced back together with the solid
chert lens to the right. WNete bends in jespercid which bend cover
some chert fragments in the upper left porticn of the photograph.
Whitebird mines V

Figure 51, Mosaic breccla of bandedé chert (white end light
gray) in G~% beds. Jasperoid (derk gray) cements the breccia.
Hetta wmice.
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Rarely bands of chert fragwents are interbedded with horizontal
bends of meseive or lenticular, non-brecciated chert, as is well
illustrated in Figure 39, page 76. |

Although the breccia fregmenﬁs usually are cemented by
jasperoidbor dolomite, some chert breccis fragmente ere embedded
in younger chert or célcite.. The chert breccia frequently is
confined to the jasperoid cement where contects between jaspercic
and limestcne cen be observed in the mines, 25 1s well illustrated
in Pigures 52, 53, and Figure 54, page 87.

In sectiog 35, T. 28 N., R. 24 E., ten miles east of Miauwi,
Oklshome, the writer obeerved limestone eand chert pebbles in the
Carterville éonglomerate. Some of the cheft petbles consist of
chert frespments cemented by leter chert. This chert is distinoct
fror thet of the ore ceposits in that it occurs in & besal con-
glomerete abeve and away from the ore deposits.

The common Tri-Stete chert consists nsinly.pf microcrjstailiﬁe
quaitz, which eccurs &s interlocked grainms pf sizes from 0.003 mm. to
0.015 mua, &5 is illustratéd iﬁ Figure 33, #&ge 87. Smzll smounts of
chaicedonic quartz occur &8s radiai microfibrous &ggregetes and ar micro-
fibrous vug~fillings in the chert. The surfece of oﬁe chert specimen
froﬁ prlin’was‘stqdied by Folk and Keever®® with the electron micro-

sccpe by the replics method. They found both microcryetalline quaxtz

98Robért L. Folk and Charles Edward Weaver, "4 study of the
Tevture and Compcsitionm of Chert", 4m. Jour. Sci., vel. 250, pp.
496-510, 1952,



Figure 52. Sherp contact between messive limestone (lighter
gray, on the left) and chert breccias (white) cemented by jaspercid
(dark gray) typical of M bed. Blocks of limestone containing chert
lenses, broken from the bedded limestome, are displeced to the right
and surrounded by jasperoid. Lucky Jew mine,

Figure 53. Detailed view of cherty limestone blocks (light

gray) which have slumped into jasperocid (black). M bed, Lucky Jew
mine,
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FigureVSA. Sharp contact of massive limestomne (light gray,
on the right) with breccia, Breccia consists of chert fragments
(white) and limestone blocks (light gray), cemented by jasperoid

(¢ark gray). Jaspercid (lower left) exhibits bending. M bed,
Lucky Jew mirne,

17
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Figure 55. Typical chert as seen in thin section under
crosceé nicels. M bed, VWhitebird mine., L1OCX,



consisting of distinct polyhedral grains containing very few
cavities, and chalcedonic quartz which was meaesive and homogenous
and contained many cavities.

Some Tri-State cherts contain small vugs ané irregular fractures,
averaging about 0.1 mm., which generally are filled with microcrystsal-
line quarfz and less uvften with chalcedonic quartz. The quartz filling
of the vugs is generslly of slightly larger grain size and it is cleen-
er than the microcrystalline quartz of the chert matrix. Some of
the larger veinlets in vugs in the Tri-State chert exhibit encrusting
structure, cgpsisting.of an eerly micréfifmm&schalcedonic quartz
layer,foliGWed by a coating of quartz crystals up to sbout 0.12 mz,
long. Thié same type of cleax micrdcrystalline quéftz also fills
aud repleces gponge spicules“aﬁd other crgenic remeinse.

Other constituents of chert, recognizsble with the aid of
the microscope, are pyrite, glauconite, and calcite, Pyrite is a
constant, but not abundant, constituent of the cherts, especizlly
the darker cherts. It occurs as very smell, usually enhedral grains,
0.003 mm. to 0.3 mm. in diameter. Glauceonite occurs rarely in small
rounded greains in some cherts, but it is much less sbundent in
chert than in jesperoid. Anhedral calcite ic ebundant in some cherts.
Occasionally it outlines fossil ghosts, but usually there is lictle
evidence to indicate whether the calcite vVas simply intermixed with
the chert during sedimentaticn, or whether the ereas of calcite

‘represent unreplaced remnants of limestone. Agar ? reported the

9%y . M. Agar in George M. Fowler, et al., "Chertification in
the Tri-State Mining District", Am. Inst. Min. Met. Eng. Trams., vol.
115, p. 149, 1935.




occurrence of tourmaline grains in the Tri-State cherts, This
must be quite rare for the writer has not seen tourmaline in any

of the chert secticns which he exemined.

Jaspercid
The j#speroid differs fromlﬁhe chert of tﬁe Tri~State district

.in several respects. .Jasperoid is more vitreous and more crystellire
than chert, 1In many specimens sﬁali quartz crystals in jasperéid
may be observed with the aid of tﬁe ﬁand lené. Jasperoid is gen-
erally much darker than éﬁert; Jaspercid kas an unevern fracture
while that §f.chert is emooth and sharp; jaéperoid is less fre-
'quenﬁly’brecciated than chert. Jaséeroid cdﬁ&only contaigs>&i$-
seminated sphaleriﬁe, galena, marcasite, pyrite end glauconite;

chert n&rmally does hot, although some chert contains very swmall
grains of ironm sulfide and more rarely contains dicseminated
sphalerite znd glauconite. Jasperoid is closely associsted with

the sulfide minerélization éhereaé cEert cften occurs intertedded
with limestone in berren areas between ore runs. In barren areas
G-H beds a5 much as 30-feet thick ccnsisﬁ of gn alternstion of

chert end limestone, each about four to eix inches thick, but in

the mineralized aress the alternatioh is betwéen chert and jesperoid.

| One ofbthe most notevorthy features of the jasperoid,.exhib-
ited frincipally vhere the jasperoid is interbedded with chert
andlto sone extent where it fills the egpaces between the chert

fragments in brecciae, is its characteristic banding, as ic well
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illustrated in Figure 9, page 39, in Figures 24 and 25, page 66,
in Figure 26, én page 67, }n Figure 30,'page 70, in Figure 33, pége
71, in Figure 56 end 57, page 91, in Figures 58 and 59, éage 92,
and in Figure 60, page 93. With the aid of & hand lens the bands
can be seen to differ in celor, end in sulfide, gleucenite end delo-
mite content. Usually the banding is horizontal, as showm in
Figures 24 and 25, page 66, but rarely it is contorted and breken,
as chown in Figures 58 and 59, page 92. The bands generally grade
vertically into one enother, but rerely the boundary between the
bands is very sherp. |

The banding has been observed to bend both under and over
sulfides, chert fragmeﬁts and rarely fossilé, and sone of these
form geopeﬁal fabrics.100 Ironm sulfide grains frequently exhibit
 this ieagurg;vchert f:agments, sphalerite crystals and‘fossils
exhibit it inlsome}specimens, as ghowg in Figure 8, poge 39.

Jeeperoid commonly forme the metrix of the chert breccics.
In some places littlg or no jasperoid cements the chert breccia,
as shown in Figure 61, page 93, in places jesperoid fills most or
all of the space between chert fragments, as shovnvin Figures 45,
page 81, and 46, page 82, and in Figure 49, page 83, end in some
places jasperoid forme the major frac:ion of the gangue and centains
vonly’a fev floating chert breccia fragmeﬁts. As indicated by this

last instance, vhere the chert breccia fragments are completely

100Bruno Sander, translated by Eleanora Bliss Knopf, "Contri-
butions to the Study of Depositional Febrics", Am. Assoc. Pet,
Geol., Tulsa, p. 2, 1931, S



Figure 56. Well banded jaspercid (derk grey and black).
The color variation isc due to grain size and sphalerite content.,
4 photomicrograph of this jasperocid is shown in Figure 60. The
lower part of the banded jaspercid is covered by ore broken
during minizg. M bed, Webber mine.

Figure 57, Interbanded jaspercid (dark grey) and limestone
(light grey). M bed, Lucky Jew mine,

yl.



Figure 58. Contorted and broken banded jasperoid. E bed,
Tar Creek mine. Omne-half patural size.

Pigure 50, Contorted jaspercid bards. A few small scattered
galera crystals (white specks) ere present, E bed, Tar Creek mine,
One-half naturel silze,



Figure 60. Two bands of jespercié which differ from each
other in quartz grein size, coler, sphalerite content end
sphalerite {large black crystale) gpruin size, This is e t
secticn of the jaspercid shown in Figure 56, pege 91. M bed,
Webber mire. Ordinary light, 3SCX.

¥Figure 61l.  Chert breccis {white)} pertieslly cementec by
jasperoidé (grey). Frow an outcrop of M bed zbout four miles
southeast cf Joplin.

(3]
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separated from adjacent chert fregments, the jasperoid matrix must
have been soft at the»tﬁme of chert brecciation.

The boundary between chert and Jasperoid generally is straight
épd sharp, yet some specimens show a sutured or irregular boundary,
as shown in Figure 62, éage 96, and rarely some chert breccia frag-~
ments exhibit a darker_alteratibn rim néxt to jaspercid metrix, The
alterafion r;ms vary in thickness from ebout one to five millimeters,
end appear gray‘to the naked eye in contrest to the white color of
the unal;ered chert. With the aid of a»hand leng, the alteration rim
may be seen to be.g little more porous than the interior of the
chert, and an occasional grain of pyrite and spﬁalerite may be de-
tected, Thin sections ¥eveai that this aiﬁeratién rim differs from
~ the unaltered chert in pyrite content, in grainréiie of.the ﬁicro-
crystalline quertz aﬁd in geuerzl color. Anhedral greins of pyrite
are relatively sbundent in the alteration rim,.éarticularly in the
outer portions of the rim, and they may comstitute &t muck &r five
per cent of the rim. The microcrystalline quertz of the alteration
rim usually occurs in slightly larger gieins than that of the unaltered
chert, The alteration rim is darker than that of the unaltered chert,
this darkening being due mainly to fimely diepersed pyrite.

Occssional &ssociates of the jasperoid are dark,.semiconéolidat-
ed mids, Some of these muds econtain glauconite, orgemic matter end

disseminated sulfides, and grade horizontaelly and verticzlly into

jesperoid, Smith end Siebenthall®l found these muds to comsist almost

101y, s. Tengier Smith and C. E. Siebenthal, Description of

the Joplin District in Geclogic Atlas of the United States, U. S.
Gecl. Survey folio 148, p. 14, 1907,
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entirely of micrecryetelline quartz crystals which are similsr to,
but siightly larger than, those of the typical jasperoid. Other
muds are more similar to the overlying Peunsylvanien shales, &nd
these frequently are contorted and broken, as shown in Figure 63,
The origin of the muds has been a subject of controversy: 1) Smith
and Siebenthalm2 believed that they were formed by weathering of
Jesperoid; Jenny103 and Stewartw4 believed that jésperoi& forms by
gilicification of the muds; Lydenlos,heldrthat>whi1e some had
glumped from J bed or from the overlying Pemnsylvanian shales,
cthers had formed as residual material from the solution of lime-
stone.

In thin sectione jaspgroid may be seen to consist wostly cf
microcrystalline quartz. The individual crystals ere generzily eub-
hedral to enhedral and intimetely interlocked with adjecent quartz
crystals, as is shown.in Figures 64 and 65, pege ©7. Where guarts
cryctals are enclosed in sphalerite or dolomite crystals, the

quartz crystals are frequently euhedral, &s is shown in Figure 12,

1021n1d.

103ygiter P. Jenny, "The Lead and Zinc Deposits of the
Miesissippi Velley", Am, Inet. Min. Met. Eng. Trans., vol. 22, ppe.
195-196, 1823. _

104pan R. Stewart, Oral Communicatiom, 1959.

1OSJoseph P. yden, “Aspects of Structure and Minerzlization
Used as Cuides in the Development of the Picher field" Ln. Inst. Hin,
Eng. Trans., vol. 187, pp. 1253 and 1255, 1%50.



Figure 62. Gray chert mottled by white chert and overlain
by jespercid (black) conteining abundent small crystals of sphaler-
ite (gray specks). Note the irregular black jasperoid bands which
cortain no sphalerite and the irreguler contact between the jasperocid
nd the chert, G-1 beds, Pickee mine.

Fipure 63. Limestone locally brecciated by squeezing.
Blocks embecded in a ghele matrix. Squeezed etructure in ¥ bec,
Kenoyer wine..



Figure 64, Typicel jacpercid as seen in thin section under
crossed nicols. K bed, Metta Vhite mine. I0CY.

Figure 65, Elougated guartz crystals in a thin section of
jesperoid under crossed nicels. Compare the cozrser &ud more
eiongate chavacter of the cusrtz graine with those in chert as
ehown in Figure 55, page 7. K bed, Retta Vhite wmine, 100X,

o)
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page 47. Although jesperoid and chert may be similar surficially,
microscopicelly they are quite distinct. Compare Figures 64 and
65, page 97, with Figure 55, page 87. The grain:size of the jesperoid
varies from ebout 0,004 mm. to 0.140 mm; but most of the grains &re
sbout 0.014 wm, to 0.070 mm,. &cross, whereas the grains im chert ueually
" ere less than 0,014 mm, across. The variation in the grain size of
some jasperoids cause them to display a microtexture which is similar
to that of & porphyritic rock, as is shown in Figure 65, page 97.
Rarely larger quartz grains are present which epparently filled
vugs in the jasperoid. The quartz crystals cof the jasperoid tend
to be elongate in shape and this is well {llustrated in Figure 63,
page 97, whereas those in chert normally are equant. Jnspgroid normally
contains sphalerite, galena, glauconite &and dolomite,'whetegs chert
usuzlly does not contain these; it only contains a little irom
sulfide and calcite.

Brown, opaque orgenic metter is present in most of the slides
of jseperoid., It lends a brownish color to the jasperoid, but thise
color disepppears when the jasperoid 1s strongly heated. Differences
in the amount of organic matter cause part of the banding in the
jasperoid, but banding also is due to emall differences in grain
eige and to variations in the amount of disseminated sphalerite,
dolomite, caicite an& glauconite., These minerals generally meke
up less than five per cent of the jasperoid, but glauconite and
éphalerite may ﬁonstitute 15 or 20 per cent of tﬁe rock, and the

dolomite may comprise over 50 per cent.



Rarely very distinct horizontal bends in jaspercid, es
shown in Figure 56, page 91, exhibit differences in the ephalerite
ot the upper side of the band as contrasted with the lower side,
Thin sections of such a band in the Webber mine showed the lower
side to contain sbout 12 to 17 per cent sphalerite with an average
grain gize of 0,28 mm., while the upper side contained less then

rtwo per;cent'sphalerite with an everage grein size of less than

0.1 nm. Figure 60, page 93, is a photomicrogreph of ore of these
thin sections. The size of the jasﬁeroid quertz crystals also is
different on each side of the contact., Those on the lower side are
eés large as 0,1 mm., while those on the upper side vary from 0,014
to 0.028 mm, in grestest dimension. In the Webber mine this hori-
zontal contact is continuous for ebout twenty feet.

Straight to irregulsxr and sutured contacts are observed in
the jasperoid in some sections. Organic matter generally is con-
centreted &long these contacts end occasionally they cut doliomite
and less often glauconite grains, end they probsbly indicate some
solution activity along them,

The transition from the jaspercid in the ore deposgits %o
the limestone in umminereliszed erezc is generally gradational,
end in pleces may comsist of interbanded jasperoid end limectone,
as shown in Figure 66 and in Figure 57, pege 91. Iu meny placec
a semi-consoli&ated "boulder zone', consisting of chert and lime-

stone fragments only partly cemented by calcite, a&s ehowmn in

Figure 67, eccurs between the jesperoid end undisturbed limestone.
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Figure 66. Interbanding of jas?eroid (dark grey) end
limestone (light grey) at a gradationazl cortact between a breccia
end massive limestone, M bed, Kenoyer mine,

707

rp centact betwveen velatively undisturied
) i

Figure 67, Sk ;
evk grev) enc a semlconsclidated treccila
b
EA

]

(upper right, lighter ¢ d

fregmente., To the right (off photograph) the breccia or Yboulder
sone" gracdes inteo & typical miverzlized M bed¢ treccis., "Pull
drift" Kenoyer mine.

e
limectone (lower left, ¢
roy) concisting of limesteore evd chert
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In still other places the boundary is sharp end exhibits blocks of
limestone which have slumped into the jaepercid, es shown in Figure
6, page 35, in Figure 53, pege 86, and in Figure 54, page 87. The
gradational transition from jasperoid to limestene was studied in
some thirn sections. These sections exhibit calcite and quartz
wixtures in which the calcite is fine-grained and anhedrel and the
quartz crystals usually are euhedral, In one slide of mottled
chert from margin of the alteration halo, shown in Figure 6, page
35, patches of limestone in the chert are seen to'grade‘horizontally
into patches of jasperoid, |

In thin sections of dolomitic jaspercid, the rhombeshaped
dolomite crystals generelly eppear io be euhedral under lower
magnifications., Under higher wagnifications, some of the quartz
cryetals cen be seen to show their outlines against tﬂe dolorite
rhorbs and also to be included within the individual dolomite
rhombe, Thin sections of rocks with higher percentages of dolomite,
which perhaps are best called jasperoidzl dolomite, exhibit these
same texturél relationships between the dolomite rhombs and the
quartz crystale,

Observation of thin sections show that jaspercid mey contain
breccia fragnents which also consist of jasperoid quartz of essent-
iaily the same grein size zs the enclosing jasperoid, but whick
frequently éhow a lerger percentage of corganic matter, The glauconite

end sphalerite contents of the two jasperoids sppear essentially

the same in some fragments, but differ in other €fragments.
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The outlines of broken fossils rarely occur in jasperoid,
end they are much less common in jasperoid than in chert.
Weidmanl0® reported the presence of a emall per cent of
tourmaline in jasperoid, occurring as small prismatic crystals from
0.01 mm. to 0.03 mn. in diameter. The writer did not find tourma-

line in any of the thin sections of jesperoid which he examined.

Quartz Druse

A finme quartz dfusé coats'many of the vugé. It may be
detected by its rough surface or with the aid cf the binoculer
microscopé. The quertz druse was deposited most‘commchly on chert
and jasperoid; Rarely small quargz,cfystals may océﬁr in galena,

sphalerite, marcasite and other minerale deposited in the vugs.

Late Quartz

Late quartz crystals, which may be as large es a centimeter
or two, were depocited on sulfides and cother minerzls in eome vuges.
Tkis late quartz is nct common and it is not present evefyvhere.
It is more abundant in the sheet ground beds, and in the northeaestern
portion of the Picher field toward Eaxter Springs amd in fields

toward the east,

1065 amuel Weidman, “Tourmaline in Jasperoid of the Miawi-
Picher Zinc-Lead District”. (ebstract), Geol. Soc. America Prcc.

1933, pp. 117-118, 1934.
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Minor Minerals

Kative Elements:
Sulfur « §

Minute crystals of sulfur on cleavage surfaces of gaulena and
on walls of cavities in sphalerite were noted by Rogerle7 who
believed that this mineral had formed in an intermediate state
during the oxidation of sulfides to carbonates. Rensomel08
observed small yellowish-green orthorbombic crystals of sulfur
on chalcopyrite and sphalerite in a single specimen. The writer

.

did not observe sulfur on any of his specimens,

Sulfides:
Bornite - CusFeSy,

A pinkish brown, weekly anisotropic mineral was noted in some
poclished sections of iridescent chalcopyrite. The mineral ex-
hibits a reflectivity of a little less than 30 percent, ectimeted
by compsarison with the reflectiviiies of adjacent sphaierite,
chalcopyrite end marcasite, end a hardness slightly less than thzt
of adjecent chalcopyrite. Dr. G. C. Amstutz cuggestedbthat the

mineral wmight be bornite. Microchemical etch teste by the

107 sustin F. Rogers, pt. I1I in Erasmus Haworth, “Special Report
on Lead end Zinc', Kenssas Geol, Survey Rept., vol. VIII, pp. 449, 452,
1204; Austin F. Rogers, "Notes on Some Pseudomorphs, Petrifications
end Alterations", Am. Phil. Soc. Proc. 45, p. 22, 1910.

10843fred L. Ransome, “"Enargite eand Plumbojarosite at Plcher,
Oklahome', Am. Mineralogist, vol. 20, p. 802, 1935,
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vriter tend to confirm the mineral as bornite: HKNO3 produced
effervescence, Feélg produced & faint orange stain, end HCl pro-
dﬁced a negative reaction. The bornite forms an iridescent film
on sphalerite and chalcopyrite and oceurs as irregular patches
-ard velnlets of bornite in chalcopyrite end marcasite. It most

frequently occurs at the boundary between chalcopyrite and marcasite

and has replaced those wminerals, azs shown in Figure 14, page 51.

Wurtzite - ZnS

‘Wurtzite crystals were described first by Rogers,logAwho
identified them by goniometry. Recently Evans end chnight.llo

using x-ray diffraticn, confirmed Rogers' deﬁérnination. Utilizing
crystals cof wurtzite on iinc sulfidé stalactites from the Zig Zag
mine, near Joplin, they found this wurtzite to have three structures
which tﬁey designate 10H, 6H and 6H. Their diffraction patterns
conteined lines belo#ging to éphaléfite,‘indicating theApresence

of both forms of gzinc sﬁlfide.

Greenockite - CdS

Leonhardlll reported emall crystals of greenockite on ephalerite
at Granby, but greenockite usually occurs as greenich to yellowish
films on some ephalerite crystals and as thir coatings on hemimorphite,

as may be seen on specimens in the Missouri School of Mines collection.

10%9Ropers, op. cit. pp. 461-462.

~ 110Howard T. Evans, Jt. end Edwin T. Mcxnight, "New Wurtzite Poly-
types from Joplin, Missouri', im. Minerzlogist, vol. 44, pp. 1210-1218, 1959.

1l1alexander V. Leonhard, "Notes on the Mineralogy of Missouri%,
Trans. St. Louis Acad. Sci., vol. 4, p. 444, 1882.
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Millexite -~ NiS
Smith and Siebenthalllz were the only investigators to report
millerite from the Tri-State district. They imcluded it among

a list of minerals which were gaid to be found but rarely end in

small amounts,

Covellite - CuS
The presence of covellite in the district was noted first

by Rogers.113 The writer observed it essociated with bornite

- as he exemined polieghed gpecimens of chalcopyrite. In these
spécimens the caveilité occurs &s Irregular veirlets which grade
into end occur within veinlets of bornite., It also'ﬁcﬁurs with
bornite reflacing both marcesite and chalcopyrite at theilr mutual
grain'boundaries, and a small emount of covellite has been noted

in veinlets cutting hemimorphite.

Sulfosalts:
Enargite - Cu3Asfy

Enargité, first discovered in the Picher field by McKnightn4

112y, o, Tangier Smith, and C. E. Siebenthal, Descripticu of
the Joplin District in Geologic Atlas of the United States, U. S.
Geol. Survey folio, 148, p. 12, 107,

1134ustin F. Rogers, pt. III, in Erasmus Haworth, "Special
Report on Lezd end Zinc', Kansas Geol. Survey Rept., vol. VIII, pp.
453-460, 1904,

114p6win T. McKnight, "Occurrence oi Epargite and Wulfenite
in Ore Deposits of Northern Arkansas", Econ. Geolcpy, vol. 30, p. €5,
1935,




malachite at the Big Coon mine, Galena, Kansas. This ig the

only mine {n the district from which cuprite has been reported.

Bematite - Fe203

An aiteration ﬁrodﬁct of pyrite and n&réasite ih tallow clay
from the Granby field wes reported to be ﬁdmatife by Buckley and
Buehler.l17 o | |

Pyrolusite = MnOjp N | o )
Small black spots in the tallow Eléy from the Granby field

were thought to be pyrolusite by Buckley and Buebler,118

Limonite - 2Fe203. 3H20
Limonite occurs in the ores of the Tri-stcte district wherever
structure and erosior have brought them iuto thebaéné‘of oxidation,
Excellent specimens of limonite ?saudonorphic ¢£ter pyrite and
- marcagite may be observed in the Missouri School of Mines collection.
In some of these specimens limonite replacing and psequmorphous o
‘after pyrite and marcasite is associated with hemimorphite.

Limonite pseudomorphous after chalcbpjrite was‘tepotted by Rogersllg

117g, R. Buckley and H. A. Buehier, '"The Geology of the Granby
Area", M:. Geol. Burvey Rept., vol. IV, 2d series, p. 46, 1905.

118ypid.

1194austin F. Rogers, "“Notes on Some Pseudomorphs, Petrifactious
and Alterations”, Am. Philo. Seoc. Proc. 42, p. 18, 1910.
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from Granby.

Carbonates;

Smithsonite - ZnC03

fmithsonite commonly occurs in the oxidized ores as botrycidal
masees. Excellent pseucomorplis of emitheonite and hemimorphite
after calcite sre in the Missouri School of Minés collection.
They are aS much as eight imches long and take the shape of the
calcite sczienchedron, Their interiors usually are hollow,
but some have calcite cores. The relationship between the smithe
sonite and hemimorphite in the pseudomorphs veries. Some pseudo-
morphs cousist of a smooth layer of smithsconite ccated either on
the inside or outside or both by hemimorphite. Cthers comsist
ci several swootn nrearly parallel layers of smithsonite with
heximcrphite between the layers., Some coﬁsist entirely of
‘hemimorphite. A few peeudomorphs contain central spougy portions
consisting of unreplaced calcite and Small.micioscopic aggregates
of bBemiwmorphite.

Replacement of dolomite by emithsonite was described by

Rogerslzo frdm.Granby.

Aregcnite - CaCl3

Weldwanl?l deccribed calcite paremorphous after aragonite

12030gers,_92.>gi£., p. 19.

121 gmuel Weidman, “The Miemi-Picher Zinc-Leed District,
Oklehona", Okla. Geol. Survey Bull. 56, pp. 58-60, 1932,
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in cup-shaped forms, one to three inches in ¢lameter, from
the Golden Rod mine. That the mineral now is calcite was
indicated by Keigen's test. Ke also observed the mineral in
the Grace Walker, Beever, Woodchuck and Fettz mines.

Similar cup-sheped forms, deposited upon sphalerite, were
observed by this writer in the Lucky Bill mine. E~ray auzlysis
as shcwu in Tsble IV showed this minerzl to be caleite.

Buckley and Buehlerl2? reported ersgonite as en elterztion
product of boulders in the Pennsylvanian shale of the Creanby

field.

Ceruseite - PbCO3

Cerussite occure in the exidirxed cres oi the fieids to the
eaet of the Picher field, where it forms prismatic crystals and
massive coatings on gelena and other minerals. Stalactites of
ceruscite and ceruseite molde of galena crystale were noted by Buckley
and Buehlerl?3 at Granby, a&nd by the present writer in epecimens
in the Missouxi Schocl of Mines museum. Pseudomorphs of cerussite
&fter caleite and galena from Granby were moted by Rogers.lz4 A
large body of ceruecite &t Spring City was reported by Schmidt and

Leonhard.lzs

12Z2pyckley and Buehler, cp. cit.,p. 34.
123Buck1ey and Buehler, op. cit., p. 43-46,

Vaguetin F. Regers, pt., III in Eresmus Haworth, "Specizl Repcrt
on lLeed and Zinc", Kanesas Geol. Survey Rept., vol. VIII, p. 482, 1504
Austin F. Rogers, ''Notes on Some Pseudomorphs, Petrificetions and Alter-
atiomns', Am, Phil, Soc. Proc. 49, p. 18, 191C,

1254d01f Schmidt and Alexander Leonhard, "The Lead and Zinc Regions
of Southwest Migsouri', Mo. Geol. Survey Rept. for 1874, p. 456, 1874.
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TABLE IV

X-RAY DIFFRACTION DATA FOR CUP-SHAPED
CALCIUM CARBONATE FORMS

(I =relative intensity of diffraction 1line)
(d ='interplanar spacings in Angstron units)

Cup-shaped<bai;1ﬁ£; T

| Celcite e Carbonate Forms
A.5.T.M. Index Card S S .

Ro. 2-0649 - Lucky Bill mine
Bynthetically Prépafed | | vCardinL;Oklahoma
A = 0.700 40 A=1,5405 4O

I a L . d

60 3.8 s 3.86
10 3.02 10 3.4
60 249 6 2.50
70 2.28 . 7 2,29
70 2.00 7 2,10
%0  1.92 | 9 1.92
80 1.87 8 1.88
40 162 g . 1.63
50 1.60 s 1.61
60  1.52 1 1.52
40 147 1 . 1.48
50 1,44 5 1.4
4 1.42 | 5 1.42

10 1.36 s 1.36
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TAELE IV (Continued)

1 g 1 d

40 Lo o oL
30 1.29 — 1,30
20R 1.24 | 5 124
40 1.18 4 1.18
40 1.15 4 1.16
40 ERTE 3 L
40 106 4 1.05
4  1.01 4 1.01
208 0.584 2 0.988
30 0.564 4 0.266

10R 0,943 3 0.945

LB R ] eed oo o ) 1 00893
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Hydreczincite - Zns(OH)g{C03)2

Earthy hydrozincite was noted by Buckley and Buehlerl26 at
Grawby. Material of this nature was observed by this writer at
the Joplin Museum. Dr. 0. R. Grawe observed and identified by
z-ray &nalysis, hydrozincite in epring vater issuing from Butter-

milk Spring, southwest of Joplin,

Aurichalcite - (Zu,Cu)s5{0H)g(CO2)2

Radial sggregeates of monoclinic crystals of aurichalcite from
Eig Coon mine at Galera, Ksnsas, were described by Rogers.127
He elso reported bluish~green globular aggregates of aurichalcite
from Granby. More receutly, Rellerl28 reported aurichalcite from
the Shinn mine, Sterk City, Missouri. Aurichalcite is a rare-

minergl in the Tri-State district.

Malachite - Cu2(0E)2(C03)

Tais writer obeerved a2 thin, drusy, green coating of malachite
deposited over a covellite film on chalcopyrite and sphalerite in

one specimen collected from the Lawyers-Chicego No. 2 mine. The.

onr

126Buckley and Buehler, op. cit., p. 44.

127 puetin F. Rogers, pt. II1 in Erasmus Haworth, “"Special Keport
Lead end Zinc'", Kensas Geol. Survey Rept., vol. VIII, p. 493, 1%04.

128, D. Keller, "aurichalcite in Miesouri', Am. Mineralogist,
vol. 25, p. 376, 1840.
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mineral also was observed on chalcopyrite in e few museum epecimens
labeled Cardin, Oklahoma end Joplin, Missouri. Rogerel2d noted a
similar occurrence and also reported wmalachite as an alteration of
cuprite from the Big Coon mine, Galena, Kensas. Keileri30 noted
malachite deposited on hemimorphite in the Shirn mine, Stark City,

Missouri., Malachite is a rare mireral in the district.

Azurite - Cu3(UH)2(C03)2
Azurite was noted in a single specimen by Rogersd3l It is a

rere mineral in the district.

Leadhiilite - Pb4(S04) (C03)2(0H)2

' Leadhillite is 2 very rare mineral in the district. This writer
observed transperent tebular crystals of leadhillite intergrowm

with cerussite on gelena. It was reported by Pireson and Wellgl32

ac deposited on and intergrown with ceruesite at Granby.

Bulfates:
Barite - BaS(4
Barite occurs as white to bluish orthorhombic tabular crystals

up to eabout an inch in size., Barite is of vary rere occurrence in

izgRoge;s, loc. cit.
130geller, loc. cit.
131rogere, loc. cit.
132y, v. Pirsson and H, L. Wells, '"On the Qccurrence of Lead-

hillite in Missouri and its Chemical Cemposition", Am. Jour. Sci.,
vol. 48, 3d ser., pp. 219-226, 18%4,
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the Picher field, bu; it was notedviu the Breweter, Grace Walker,
and Dobscn mines by Weidman.;33 Baritejwith a bluishltinge was
rather common at Thom's Statlon and was occasiomally found at
Webb City.13% schmidt and Leonhard!3> reported barite from Joplin

and from Seneca,

Adnglecite -~ PbSCy

Anglesite 1s not a common mineral in the Tri-State district.
Small crystals were observed by Buckley and Buehlerl36 on galena
‘at Granby, by Roger§137~near Galena, Keunsas, and by Weidmenl38

in some mines in the Picher field at & depth of about 300 feet.

Gypsum « CaS04.2H20

Small acicular crystzsls of gypsum, observeble with a binocular
'micrdscofe, océﬁr on jasperold and other minerals, Specimens £from
DPr. . R. Grewe's personal collection exhibit selenite crystals,

as much as one~qguerter inch long, deposited on pyrite, marcasite,

133Wéidman, cp. cit., p. 61.
13%prnest J. Palmer, Oral Communication, 1953.
135gchmide and Leonhard, op. cit., p. 438.

136g, g, Buckley and H. A, Buehlér, "The Geology of the Granby
Area", Mo. Geol. Survey Rept., vol. IV, 2d ser., p. 45, 190C35.

137Rogere,'22. cit,, p. 428

133Wei.&man, op. _é__i_;_., p. 56.
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galena and sphelerite. Rarely chert fragments exhibit thin
coatings of gypsum, and some specimeﬁs from the sheet ground
exhibit abundant earthy gypsum deposited arcund sphalerite crystals.
Ransomel3? noted thin soft partial coatings on a single specimen

of calcite, which he believed to be gypsum.

Starkevite - MgSOz.4H20

" A vhite, powdery, bitter-tasting efflorescence formed on some
of the writer's specimens of dolomitic jasperoid after removal from
the Blue Goose No. 1l mine. X«ray analysis; as shown in Table V,
opticgl examinatipn; microchegical tests, and spectrographic
analysis showed this mineral to be starkeyite, previously reported
elsewhére in Missouri by Grawe.l40 1Indicies of refraction were
determiﬁed to be between 1.506 end 1,512, The mineral is inter-

mixed with microcrystalline quartz,

- Chalcanthite - CuS04.5H20

Small blue columnar crystals of chalcenthite, associated with

sphalerite, pyrite and chalcopyrite were observed by Roger3141

on a dump at the Irene mine, Empire City. It is a very rare mineral

"in the distriet.

13951fred L. Rsnsome, "Enargite end Plumbojarocite st Picher,
Oklahowe, Am. Miuneralogist, vol. 20, p. 801, 1935,

140p1iver R. Grawe, "Pyrites Deposits of Missouri', Mo. Geol.
Survev end Water Resources, vol. 30, 2d ser., p. 209, 1945; Oliver R.
Grave, 'Starkeyite, A correction”: Am. Mineralogist, vol. 41, p. 662,
1956,

141Rogers, op. cit., p. 502.
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TABLE V

X-RAY DIFFRACTION DATA FOR STARKEYITE'

(1 = felatiVe intensity of diffradtion iine)
(d = interplenar spacings in Angstron unite)
MgS04.4H20 | : Starkeyite
A.8.T.M. Index Caxd
Me., 1-0341 ' Elue Coose Iio. 1 mine
Efflcresced : : ‘Cardin% Cklehona
A = 0.70940 <  A=1.540540
I : d , ' I ' d
40‘ ’ 6.9 : ' 4 0 6.81
4y 5.5 | 10 5.49
28 4.71 ' | 2 4,80
100 4,48 10 4 .50
60 3.26 | Sy 4.00
8 3.60 | | 1 3.62
32 3.40 | : 5 3.41
40 | 3.21 | | | | 2 | 3.26
100 2.95 | 8 2.97
40 235 | o 1 2.77
28 2,56 | 3 2.57
.24 2.46 ll 2,47
24 2,41 2 2,42

24 2.35 2 2.26




TaBLE V (Centinued)

1i7.

. d

2% 2.26 2 2.27
20 1.97 3 1.97
20 1.87 1 1.88
16 1,80 2 1.80
8 1.75 1 1.75
8 1.71 1 1,71
8 1.66 1 1.67
16 1.63 1 1.63
4 1.56 1 1.57
26 1.51 3 1.51
20 1.45 3 1.45
8 1.38 3 1.38
8 1.29 3 1.29
4 1.23 1 1.23
4 1.19 2 1.20




118.
Melanterite - FeS04.7E20
Melanterite stalactites occur in some mines as a result of
the oxidation of pyrite end marcasite since the mines were developed.

They were described by Weidman,l42

Epsomite - MgSQ4.7H20
Smith and Siebenthall43 vere the only investigators to report the
occurrence of epsomite in the Tri-State district. It was said to

form as a product of weathering and that it was not ebundent.

Goslarite - ZnS04.7%H20

Goslarite occurs as botryoildal end stalactitic coatings which
heve formed very recently on the walls of some mines. Its composition
is verieble due to partial replacement of ginc by iron and by copper.

Varieties rich in iron end copper have been described by Vheelerl#4

and by»Rogers.145

Linarite - PbCu(£04) (OH)2

A vitreous, azure blue minersl, believed by Roser5146 to be
linerite, was assoclated with caledonite, malachite, aurichalcite,
~ and ceruscite et the Big Coon mine, Galena, Kansas. This is the

ounly mine in the district from which linarite has been reported.

142g gmuel Weidman, “The Miami-Pichker Zinc-Lead District, Oklakoma",

Okla. Geol., Survey Bull., 56, p. 57, 1932.

143y, 5. Tengier Smith end C. E. Siebenthel, Description of the

Joplin District in Geologic Atlas of the United Stetes, U. S. Geol.
Suxvey folio 148, p. 1z, 1507.

144p, A, Wheeler, "Kotes on Ferro-Goslarite, A New Variety of

Zinc Sulphate’, Am. Jour. Sci., vol. 41, 3d ser., p. 212, 1891.

YJRogers, op. cit., p. 501,
146rogers, op. cit., p. 500.



Jarosite - KFe3($04)2(CH)¢

Yellow, earthy jarosite was noted by the writer in one mine,-
the West Side mine, and identified bj X=TaYy analysis.as ghown in
Table VI. It occurs in cavities in jaeperoid and probably is &n

oxidation product of iron sulfides.

Flumbojerosite - PbFee(SO4)4(OH)12.

Ransomel47 noted plumbojarosite in a single epecimen from the

Earr mine., It formed an-eérthy, brownish coating on galena.

Aluminite » Alp(S04)(OH)4.7E20
Wheelerl48 was the ouly investigator to record the occurrence
cf sluminite in the Tri-State district. He found it as a white

incr&station on limestone st Joplian.

Lopiepite - (Fe,Mg)Fes(504)6(0H)2.20H20

Copiapite was noted by Rogersl49 as a yellow, crystaliipne, bctry-
oidal or stalactitic incrustations‘on pyrite at Galenz end at Cave
Sp:ings. He also noted that this yellow coating formed on melancerite

upon exposure te air.

Caledonite - Cu2Pb5(S04)3(C03)(0H)6

Rogerslso noted very small quantities of czledonifte as a green

147kensome, op. cit., p. 803.

: ES k]

146n, A. Wheeler, "Recent Additions to the Mineralegy of Missouri',
Trans. St. Louis Acad. Sci., vel. 7, p. 129, 1885,

149ustin F. Rogers, pt. III in Erasmus Eaworth, "Special Report
on Lead and Zinc", Kansas Geol. Survey Rept., vol. VIII, p. 502, 1904,

150rogers, op. cit., p. 500.
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TABLE VI

' X~-RAY DIFFRACTION DATA FOR JAROSITE

relative intensity of'diffraction iine)
interplanar spacings in Angstron units)

x
(d

WWW

Jarosite Jerosite

A.85.T.M. Index Card
Ko, 10-443 Webber mine
Meadow Valley mine :
Picche, Nevada Treece, Kansase
A = 1,541840  A=1.540540
1 d 1 a
30 5.%4 4 6.04
20 5.74 4 5.78
40 5.0 5 5.12
10 3.65 2 3.68
60 3.11 9 , 3.13
100 3.08 10 3.10
i0 2,97 : 2 2.98
20 2.870 v 2 ' 12,882
.30 2.547 3 2.564
50 2.292 7 2.298
50 1.978 8 1.988
20 1.941 1 1.948
16 : .1.913 : seess ceeacns
50 1.823 6 1.833
"geveral weak lines" 2 ' 1.806
30 1.539 3 1.547
30 1.512 2 1.515
10 1.484 2 1.489
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crystalline ceating on partly altered galenz at the Big Coon mine
vhere it was eseociated with linarite, asurichelcite and cerussite,
This is the only mine in the district from which caledonite heas

been reported.

Axsenstes:

Picropharmacolite - (Ca,Mg)3(4s04)2.6H20 (1)

FPicropharmacolite was repcrted from Joplin by Genth,lsl.who

determined the mineral chemically, It occurred in radiating silky
fibers which formed botryoidal imcrustations, 2 to 15 mm. thick,
on dolomite. Genth is the only inveetigator to have reported this

mineral from the district.

Mimetite - Pb5(Ae04,P04)3C1
Accoxrding to Wheelerl®? w, P, Jenny noted the occurrence of
mimetite &s a thin crystelline coating on galena near Seneca.

Thiez is the only recorded occurrence of this mineral in the district.

Phoephates:
Vivianite ~ Fe3{(P04)2.8H20

Vheelerl=3 also credited Dr, Gustavus Hambach with the discovery

1517, A. Genth, “Contributions to Mineralogy", am. Jour. Sci.,
3¢ series, vol. 40, p. 127, 1890,

152yheeler, op. cit., p. 127.

153Whecler, op. ¢it.,p. 128.
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of vivianite occurring as a blue, earthy powder at Joplin, This

is the omly recorded occurrence of this mineral in the district.

Pyromorphite - Pb5(P04,A504)3C1

Pyrdmorphitg is & rere but well known mineral in the district.
It occurs generally as small, greenish hexegonal prisms and finely
crystzlline, often enamel-like coatings on galena,.cerussite, calcite,
and other minerais. Rogersl5% reported botrycidal and stalsctitic
pyromorphite, and pyromorphite pseudombrphous giter galena from

Jopiin and Granby.

Wavellite - A13(0H)2(P04)2.5H20
Wavellite in small, white radiating crystals wexre observed by
Broadhead in Jeasper County according to Wheeler.1%3 This is the
only recorded occurrence of this mineralbin the digtrict.
Silicates:

Eemimorphite - Znz(S51207)(0H)2.H20

Hemimorphite generally‘bccurs es colorless, white or yellowieh
crystals ox botryoidal coatings on sphalerite, calcite and other
minerals. Hemimorphite was the most common oxidizec zinc mineral
in the fields of the eactern part of the district, but only museun

epecimens were availsble to the writer. Excellent pseudomorphs of

154chers, op. cit., p. 498; Austin F. Rogers, "Notes on Some
Pseudomorphs, Petrifications and Alterations", Am. Philc. Scc. Proc.
49, p. 19, 1810,

15::"v,"ta«“-.‘ea1t:-r, op. ¢it., p. 129,
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hemimorphite and smithsonite after calcite are in the Missouri
8cheol -of Mines museum collection. These already have been des-
cribed with smithsonite.

Polished surfaces of come hemimorphite specimens exhibit un-
replaced areas of sphalerite transected by abundant veins of

hemimorphite and smithsonite, &s shown in Figure 70, page 128.

Allophane ~ £198i05.nH,0

Light greenish~blue sllophane was observed by Rogersl56 at
the Irene mine, Empire, Kansas, He alco observed thin incrustat-
ions of & hydrous aluminum silicate, which he believed to be allo-

phene, at the Big Coon mine, Galena, Kanses.

Chrysocolla - CuS103.2K20

Chrysbcolla in thin bluish~green seems with other copper
minerals was noted by Rogersl57 at the Big Coon mine, Galena.
This is thé only miﬁe-in the district from which chrysocolla has

been reported.

Kaclinite ~ A14(814010)(0H)g

Tarr end Kellerl3® by x-ray enalysis identified kasolinite

156 ustin F. Rogers, pt. 111 ir Eresmus Haworth, "Special
Report cn Lead and Zinc'", Kensas Geol. Survey Rept., vol. VIII, p.
497, 1904,

157Rogers, Ibid.

1554, A. Tarr end W. D. Keller, ""Some Occurrence of Kaolinite
Deposited from Solution'", Am. Minerslogist, vol. 22, p. 933, 1937.
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associated with sphalerite, galena, quartz and calecite in fractures
in Pemmnsylvanian shale and in cevities end also as replacement of
coarsely crystalline calcite. at Oromogo. They believéd the

kaclinite to have been deposited from eclution,

Clauconite ;»Kz(Mg,Fe)zAlﬁ(Si401o)3(0H)12

Clauconite occurs as szmall, dark green granuies and as lighter
green irregular shaped grains in jasperoid and gray dolomite,
particulerly in J and K beds. It is often concentrated in certain .
bands in jasperoid, especially in the dolomitic bands, Less com-
monly glauconite occurs ia chert.

The writer partiaily separated the glauconite from dolomite
and jasperﬁid quartz by meahs cf a Ftan# isodynamic seperator
end then coﬁpleted the.separation by hand picking in order to
vbtain a cleanléample for petrographic exaﬁiﬁation end x-ray
analysis. Under high maegnification the glauconite granules wvere
seen to be micrécrystalline aggregates of crystals less than 0,003

‘ mn, long. The individual crystals wefe foo small to yield an

interference figure, but cccasionally eldngatéd crystals exhibit
very small extinction angles.' The indicies of the‘glauconite were
determined to be between 1.58 and 1.60,

The identity of this gleuconite was confirmed by compﬁring its

x-ray diffr#ctograms with those published by Burst139 as showm

1523, ¥, Burst, "Minerel Heterogeneity in 'Glauconite' Pellets",
Am, Mineralogist, vol. 43, pp. 486-487, 1958,
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in Figures 68 and 6%, The diffractogrems of the Tri-State
glauconite closely resemble those of the disordered gleuccaite
studied by Burst. The hasal diffraction pezks at 10 ﬁ, 5 £ end 3.3
L are csubdued, asymmetric and exhibit broed bases.

Under the sterecscopic and ultropac microscopes the Joplin
glauconite is seen to be of two types: a dark green ovoid to
subsnhericel variety and o Ilight greenvirreéuiarly sheped veriety.
Occesionslly dark green granules were seen to be enclosed within
sphaleritelérystals and other sulfides,

In thin sections the granules ﬁsually appear.eliiptical to.
round in shape,‘as 1iiustfated by the darker glauconite in Figure
71, page 128. The granules vafy in di#meter from 0.014 mm. to 0.266
mri. 3 but most of the messurements were between 0.056 mm. end 0.144
mu. Some broken fragments of glauconite occur in most thin sections
contzining the mineral, end are illustrated in Figure 71, page 128,

Nermally glauconite constitutes less than two per cent of the
rock, rarély does it reach twenty per cent, but the per cent of
glauconite varies from band to band in banded jaspercid. Dolomitic
bands frequently contain more glauconite than mon-declomitic bande,
and some of these bands are also eéhalerite;rich. Dolomite seems
to have excluded the glesuconite granules frem its boundaries during
its crystallization, for glauconite teﬂds to be concentrsted at
the boundary of some of the largér dolomite crystals,

Only rafelyvare glauconite grenules in direct contact with

dolomite crystaig.‘ When they are, théy exhibit their rounded oute
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Figure 68, X-Ray diffractograms of well-ordered glauconites (left)

disordered glauconites (right). (From Burst, 1958).
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Figure 69. X-Ray diffractogram of Tri-State glauconite.



Figure 70. Swmitheonite (dark gray, high relief) and hemimorphite
(dark gray, low relief) replaclug sphalerite (light gray). Granby.
100X, ‘ o

Figute 71, Cleuconite grenules and fragments (daxk grey)
in jaeperoid. K bed, Netta Vhite mine. Crdimary light. 10GX.



lines against the dolomite., Only very rarely are glauconite
granules included within dolomite crystals.

Rarely glauconite occurs in chert. In some thin-sections,
gleuconite is seen to be somewhat concentrated in jesperoid along
the edges of chert breccia fragments, but in other gections no
such ccncentration is observed. Thin sections of chert breccis
cemented by gleauconitic jasperocid cr gray delomite generelly skhow
the chert_to contein much less glauconite than the eurrounding
jasperoid or dolomite.

A few scattered glauconite granules were observeé.in thin
QEctions cf limestones. An occasional grenule of glauconite may
occur within foesils, such as within the central cavity of crinoid

ctems.



CEAPTER IV
PARACENESTS
PREVICUS INVESTIGATICNS

The first important discussion of mineral parsgenesis in the
Tri-State district wac that of Schmidt and Leothard, 190 in 1874.
They concidered five perionds of mineral 6evei§pment in this area:
1) depositicn of limestone and chert; 2) dolomitixatiom, fracturing,
and principal introduction of sulfide ore minerels; 3) sclution of
limestone and further deposition of sulfides; Q)Ideposition of czlcite
andvjasperoid and continued deposition of Sdlfides; S) oxidation of
sulfides. When Schmidt erd Lecnhard studied these ores, mining had
not begun at Galena, Kensas or at Picher,‘Oklahoma; therefore thelr
work was confined to the Missouri portion of the Tri-State district.
According to these investigators galena was deposited before ephalerite.

Jenny,161 whose investigations of 1893 predate the c¢iscovery
of the Picher field, was one of the few geologists who believed that
all the ore miperals were deposited in a single sequence and that some
of the minerals of this sequénce were primary and others secondary.
Jernny believed the paragenetic sequence of the primary minerals to be:

dolomite, sphalerite, galena, pyrite, jaspercid end quartz crystals.

160adolf Schmidt and Alexander Leonhard, "The Lead and Zinc
Regions of Southwest Missouri’, Mo. Geol. Survey Rept. for 1874, pp.
412-414, 1874, _ .

16lyeiter P. Jenny, “The Lead and Zime-Deposits of the Missis~
eippi Valley", Am. Inst. Min. Met. Eng. Ixams., vel. 22, pp. 199-200,
1893.
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He is the only investigator to consider the disseminated
sulfides to be older than the jasperoid. He recognized the sequence
of deposition of the secondary minerals to be varisble and repetitiocus.
The general order of crystallization deduced by Jenny was: pink
dolomite, ephelerite, galena, pyrite, chalcopyrite, calcite, barite,
and oxidigzed ores, |

Winslow and Robertsonl€2 whose investigations of 1894 were
confined to the Missouri portion of the Tri-State district, steated
that the mineral paragenesis was not invariasble, but thet, in generai,
it was: dolomite, ephalerite, galena, barite, calciée, and pyrite.
Their paragenetic sequence differs ficm that of Jemny in reversiuog
the positions of calcite and barite and by placing pyrite efter these
minerale,

Rogers,163 who collected specimens in the Galena, Kancas field,
like Jenny recognized that the order of mineral depoeition vwas varieble,
but that it usuelly was: dolomite, galena, sphalerite, chalcopyrite,
marcasite, pyrite, calcite and barite, however he noted thet some
dolomite was formed even after some of the galena was corroded. Rogers
considered the galenz to be of two generetions: the oné deposited
immediately &fter the early dolouite, and other, ;onsisting of emall
octehedrons and cubo-octshedrons, deposited on sphalerite. Rogers'

sequence differs from that of Jenny, and that of Winslow &nd Robertson

1624y thur Winslow and James D. Kobertson, "Lead and Zinc
Deposits™, Mo. Geol. Survey Rept., vol. 7, pp. 448-460, 18%4.

1635ustin F. Rogers, pt. II1 in Erasmus Haworth, "Special Report
on Lead and Zinc", Rangas Geol. Survey Rept., vol. VIIi, pp. 503-504, 19204,
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in believing that most cof the sphalerite was deposited after galena.
Like Jenny, he concluded that barite crystallized after calcite and that
both were preceded by pyrite.

Buckley and Buehler,164 in their study of the Granby erea, noted
evidence for repetitive deposition of certain minerais. They stated
that the éphalerite disseminated in dolomite constituted a eecond
generation and formed later than the sphalerite disseminated in
’jasperoid; thet hemimorphite formed both before piﬁk dolomite &nd after
pink dolomite; that some gélana'was disgeminated in aqd contempor&neous
with both gray dolomite end pink dolomite, and that very little gelexna
hed been deposited upon sphalerite. v

Smith and Siebenthall®3 in their 1907 study of the Tri-State
district, exclusive of the Picher field, found the order of mineral
deposition in the cavities to be usually the seme throughout the
:district: dolomite, chalcopyrite, galena, sphalerite, galena,
chalcopyrite, marcasite, pyrite, §a1cite, berite and marcasite, Some
deviations from this order were noted which they believed were ceused
by locel occurrences of repetitive deposition of some minerals.

They noted that sphalerite and galena were deﬁosited on chal-
copyrite west of Joplinm, that.chalcopyrite did rot occur within either
sphalerite or galenz, and that chalcopyrite was not depogited cn galena,

According to these geologists, galena usually formed before sphalerite,

164y, R. Buckley end H. A, Buehler, "The Geolegy of the Grenby
Area", Mo. Gecl. Survey Rept., vel. IV, 2d series, pp. 42-36, 1503.

165y, s, Taengier Smith and C. E, Siebenthal, Description of the
Joplin District in Geologic Atlas of the United States, Y. S. Geol.
furvey folio 148, p. 13, 1507.
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but in some places it formed after sphalerite, At Empire, Kansas they
poted small ephalerite crystals in hemimorphite and associated with
smitheonite and concluded that these crystzls were either contemporéeneous
or later than the henimorphite and smitheonite,

Mercasite was noted in the surfece layer of one celcite specimen,
and botrycidal marcesite was observed on some caleite ecryetals, It was
their opinion that iron sulfide did not form before sphalerite and
galena.

Unlike earlier investigators, Smith end Siebenthel recognized
two geuerationa of sphalerite, galena, chalcopyrite end marcesite.

They also believed that disseminated ephalerite, dolomite and jasperoid
formed at sbout the ssme time,

Snider166 reported the sequence in Picher field to be: gelena,
sphalerite end pyrite, but while this séquence was clear in soue
places, in other places there was no apparent order of the deposition.
Snider's partial sequence differs from that of Jenry, and egrees with
thet of Rogers, in placing sphalerite'after galena.

In 1915,Siebenthall67 described the deposition cf gelens,
sphalerite and celcite on nells in the Joplim district showing that

these minerals were depocited in very recent time efter the mines had

been cpened.

1661, ¢, Enider, "Preliminary Repoxrt on the Lead end Zimc of
Oklahoma", Okla. Ceol. Surxvey Bull. 9, p. 71, 1912,

167¢, E. Siebenthal, "Origin of the Zinc ard Lead Depocits of the
Joplin Region - Missouri, Keneas, and Oklahoma", U. S. Geol. Survey Bull.
606, pp. 254-255, 1915.
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Neething,168 from a study of thin sections of ore specimens
from the Picher field concluded that the order of deposition of
primary minerals was: dolomite, chalcopyrite, galena,'sphalerite,
galena, chalcopyrite, marcasite, pyrite, calecite, barite end marcasite,
a sequence exsactly the seme ag that of Smith and Siebenthal.leg

Fowler and Lydenl?0 restudied the paragenesis of the Tri-State
oresg, particularly in the Picher field, and graphically indicated the
following sequence of mineral deposition: limestone, dolomite and
chert, jasperoid, galena‘andvsphalerite, dolomite, calcite, quart:z
erystals, marcasite, pyrite and chalcopyrite, sphalerite. They in-
dicated a partial contemporaneity for minerals adjacent to one
enother in the sequence. They noted that some jasperoid was deposited
with sphalerite end galena. They differed from Winelow, Rogers, and
Snider, In cbserving that the galena was elmost elways éepogited on
the sphalerite. They were the first to note_that the quertz crystals,
sbundant near Baxtér Springe, were deposited after calcite. They

believed that the most recently formed, small, vred sphalerite crystals

resulted from solution and redeposition of the earlier sphalerite

168Foster S. Naething, "Ores of the Joplin Region” (discuscicn),
Eng. Mining Jour., vol. 123, no. 14, p. 575, 1927.

169smith and Siebenthal, op. cit., p. 13.

170George M. Fowler and Joseph P. Lyden, "The Ore Deposits of
the Tri-State District", 4w, Inst. Min. Met. Eng. Trancs.,, vol. 102,
ppo 234’235’ }.932!
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which they noted often is etched. They were the f£irst to point out

the late ephalerite and chalcopyrite depocited after calcite, and the
first to show that galena was deposited contemporaneously with sphaler~
.ite, during the wmeain period of deposition.

Altkough Weidman,171 wvhose investigations elso were conducted
principally in the Picher field, did not discues the paragemesis cf the
oreg, he did note thet galena feilowed sphalerite, that eregonite was
depocited on sphalerite end calﬁite,and alternated in deposition with
calcite end ore minerals, and that marcasite was deposited on eragonite,
He was the first to recognize the presence of ersgonite in the mines.,

Tarrl?72 discussed the peregenesis of the Tri-State orec efter
e brief visit to the Picher field in 1932, He expressed the opinion
that the sulficdes were, in part, contemporaneous with the jasperoid,
and that the period of crystallicetion of galenz overlepped and followed
thet of sphelerite. EKe concidered the chert to be contemporamecus with
the limestone in which it occurs. -

Fowler, Lyden, Gregory and Agarl73 differe with Tarr in be-

lieving the chert was of epigeretic origin and thus they placed it

: 171samuel Weidmen, 'The Mizmi-Picher Zine-Lead Dictrict, Ckleghoma",
Okla. Geol. Survey Full. 56, p. 53-68, 1932,

1724, 4. Tarr, "“The Miemi-Picher Zinc-Lead District”, Lcem.
Cesclogy, vol. 28, p. 476; 1333.

172Georpe M. Fowler, et al., "Chertification in the Tri-State
Mining District", Am. Inst. Ein. Met. Eng. Trams., vol. 115, pp. 106~
163, 19235, N
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after limestone in the paregenetic sequence. Thelr conclusicn was
besed on Fowler and Lyden's megascopic’study of the miserals in

the mirves, Gregary s chewical znalyses, and Agar's petrographic
investigetions. Among the erguments vhich they put forth in favor of
en epigenetic origin were: 1) the association of chert with areze cf
structural disturbance, 2) gradaticns from chert to limestone, 3) ce~
mentaticn of chert breccias by latet'ﬁhert,and 4) the greater abundance
¢f crert within the ore district tham outside the district.

Ridge174 etudied specimens collected by Bastin, Svatik end
kingelf in the Picher field aund those in the Joplin Minerazl musecnu.
From these megascopic and minerslographic studies Ridge, in contrast
to Fowler and Lyden, concluded: that the sulfides dieseminated in
jeepercid farmed iater then the jasperoid &nd partially replaced it,
that sphalerite usually wes deposited after galena, end that pyrite
aré enargite formed with czlcite and after calcite during a second
pericd of wineralizetion which was separated from the mald pericd
of mineralization by fracturing.

pestinl?’ rectudied Ridpe's specimens from the Picher field
and found a large measure of similarity in &ll of the egpecimens. He

egreed vith Riu5e176 that the sulfides, galena, sphalerite, chalco-

174john Ridge, “The Genesis of the Tri-State Zinc end Lead
Cres", Econ. Geology, vel. 31, pp. 298~403, 1936,

175Edson 8. Bastin end John D. Ridge, in “Contributions to a
Enowledoe of the Lead and Ziuc Deposits of the Mississippi Valley Regicn',
eciced by Edson S. Bastin, Geol. Soc. America Spec. Paper %4, pp. 105~
110, 1939,

176Ridge, loc. cit.
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prrite end marcasite were deposited together, but ke did not indlcate
thap the period of depesition fer 211 four sulfides enced gt the same
time. EHe also agreed with Ridge that the sulfides had replaced jasper-
cid and dolomitef

More recently Stewart,l77 as a resulé of his experience in the
mines of the district, expressed the opinfion that:

The parsgenetic order of,minéral depoeition shows cone-

sicerablie veriationm, not oniy between the seversl dis-

tricte, but within the individual dietricts themselves.

Cyclic or recurrent sequences of mineralizaticn further

complicate detailed studies of paragenesis.

Lyden,173 on the basis of further megascopic studies, revised
the ea:liér‘paragenetic sequence of Fowler and Lydenl?9 to bring out his
belief in a‘greater emcunt of simultaneous and overlapping deposition.
Ee considered greay dolomite; jaspercid, sphalerite, and galena to be
deposited contemporaneously end noted that this interpretation disagreed
with those of Bastin,1B0 end Ridge.l81 Among the criteria cited to
support kis belief, was the occurrence of sphalerite in limestone only
vhere the gphalerite is accompanied by jasperpid. Ee zlso believed
that ;halcopyripe, marcasite, snd pyrite vere deposited escentially
confemporaneously vwith eech other, but he also shkowed that the dep-

ositicn of these sulfides also overlapped that of the sbove mentioned

minerals,

177Den R, Stewart, "Some Kew Concepts Regeréing the Age, 4real
istribution, snd Mineral Aseemblages of the Ore Producing Districts in
the Central Stztes Kegion”, (Mimecgrephed), p. 38, 1548, .

178Joseph P. Lyden, “Acpects of Structure and Kinereglization Used
&5 Guides in the Development of the Picher Field”, &m. Imst. Min. HMet.
Eng. Trens., vol. 167, pp. 1258-1259, 1250.

179Fovler and Lyden, loc. cit.
180Bastin, loc. cit.

181gidge, loc. cit.
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Shortly efter Lydenlts

pubiished Lis paper, BastiniCl re-
&ilirmed his belier thet sphelerilte an

.

guléne wers depoeited after
JE6PeTLid &na Golomite.

bastin noted thal in fiin seéction sphaleriie
exiibited ragped boundsries agalust the encloping jesp eroid,

Evans &4 Bolnight+Y usiar rerey difiraction, idemtified ew&ll
cryabels oa the suvisce of ¢phelerite-galena slalactites &y wurteite
Gl Lhires elrwclule Lypes: L, Ol &nd Gi.

s tndn surface coabing on

the wertoite erystsis they belfeved to be sphalerite; &ud moted ephaicre
x

ite wethin the wurteite cryetales ey an iolergrovn o alternelicn pusass,

S e e % -
ltdyvden, ioc, cit,

Eoou. Geoicny, vol. &40, pp. 652-657, 195i.

163pdpon &, Bustin, ' Pavapensesis of the Tri-ftuete Jaspevceid',
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ib4fowerd T. Evans, Jr. end Eduwin T, McKnight, "lew Vurteite
1218, 1%

Poivtypes from Joplin, Missouri', Awm. Eimeralogist, vol, &4y pp. 1210~
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REASONS FOR PARAGENETIC STUDY

From the preceding review of the literature, the confused state
of the peragenesis of the minerals of the Tri-State district is apparent;
Jenny, end Winsicw énd Robertson held that sphalerite formed before
galena. Rogers, Smith end Siebenthal, and Snider found galena to be
formed before sfhalerite. - Povler and Lyden, Ridge, end Lyden believed
the two.minerals to be contemporareous. Smith and Siebenthal, Fovliex
and Lyden, aﬁd Lyden believed that the sulfides were férmed contem=~
poranecusly with j&speroid and dolomite, but Ridge, and Bastin stated
that the Qulfides replece the‘jaeperoid end dolomite., Wimslow and
Robertson indicated tﬁat jasperoid formed efter sphalerite, galena,
and dolomite. Jenny concluded that dclémite forméd before sphalerite
and galena, while Jaeperoid fofmed after these minerals. Buckley
and Buehler believed the ephalerite disseminated in delomite to be
1atér then the sphaierite dieseminated in jaéperoid. Ridge was the
first to include tﬁe early quartz druse in the peragenetic sequence.
Mercasite, chalcopyrite and sphalerite'deposited in and on late cazlcite
Qete not recognizedhiﬁ'the earlier studies of Jemny, end Winslow and
Kobertson, The recurrence of certain miuerals‘has not been given due
conslderaticn.

The principal reesoms for the varistions in interpretation of
the paragenetic;sequence are: |

1) Variztion in techniques of study. Some workers, like
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Fowler and Lydenlgs and Lyden,186 based their conclusiop

on megascopic obeervations alone, while others, like Ridge187
and»Bastin,_l88 have relied mostly upon microscopic investi;
gaetions.

2) Concentration upon one particﬁlar field within the Tri-
State district. Buckley and Buehler's!8® observaticns were
confined to tﬁe Graunby area; Rogersl90 collected most of his
epecimens near Galena, Kansas; and Ridgel?l studied specimens
obtained principally from the Picher field. Bactinl92 simply

restudied Ridge's epecimens. Fowler and Lyden'sl®3 and Lyden's!94

observations were confined largely to the Picher field.
3) Different interpretations of the texturzl relationships

between minerals. Fowler and Lydenl95 and Lydenl96 interpreted

l&5rovler and Lyden, loc. cit.
- 186ryden, loc. cit.

187riége, loc. cit.

188Bastin, loc. cit. |
18%Buckley and Buehler, loc. cit.

190Anetin F. Rogers, pt. III in Erasmus Haworth, '“Special prort
Lead and Zinc", Kansas Geol. Survey Rept., vol. VIII, pp. 447-530, 1904.

1%1Ricge, loc. cit.
1928astin, loc. cit,
193Fowler end Lyden, loc. cit.
1941yden, loc. cit.
125rowler and Lyden, loc. cit.

196Lryden, ioc. cit.
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gphalerite and galena disseminzted in jacperoid and dolomite
as indicative of contempcremeoue cepositicn, whereas Ridge197
and Bastinlgaﬂinterprefed the same té#ture as one of replacement.,
 The present study of paragenesis has sought to résolve fhe
above interpxe;atxono by coabining extensive field vork with both
extersive ané intensive mic&oscopic investxgablon. Many Spectmens
from Wagy par»~ of the Tr i-gtate dig&r&ct vere coalectea aﬁd cxamined

by wineralegraphic, stereoscoplc and pe;regraphlc techn ques

197Rridge, loc. cit.

198Bastin, loc. cit.
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DISCUSSION OF PARAGEKESIS

Although some geographic and stratigraphic variations in thke
parsgenetic éequénce of the minerals of the Tri-State district have
been noted, a general seqﬁence seens to‘be basic to the whole erea,
The variations eppeer to be caused by: 1) the omission of portions
of the mineral sequence, 2?) the recurrence of certsin minerals, end
3) tke reversal of the sequeﬁce of certein minerels.

This studybhas shown that the paragenesis may be diecussed
best by dividing the minerals into three groups: 1I) Bedded and
Disséminated Minerals, 1I) Vug-filling Minerals, and III) Secondary

Minerals,

Hoegt Reck:

The host rock occupies the first position in the paragenetic
sequence (Figure 72), The host rocks usually are limestones, however,
locally shalésbaud sandétbnes céntain sulfides of‘economic importance.
The limestcones weie éeposited in warm, shallow, widespread Mississippian
. Beas, favotable’fo: the-growth of organisms, especially crinoids,

" bryozoa and brachiopods;“ Following thé deposition of the limestone,
the area was uplifted énd subjected to a leng periocd of exosiom, during
which a karst topography developed upon the limestone surface,

This surface was then covered by 2 shallow sez in which

Pennsylvanian chales were deposited cn top of the eroded limes tones——- """

in a near shore enviromment, Subsequent uplift fcileved or uccompeanied

by solution of the limestone permitted slumping of the shale into
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solution-wade opeaings in the limestcone.

I. Bedded and Dieseminated Minerals:
The origin end paragenesis of the chert, jasperoid &nd dolomite
of the bedded deposits in which sphalerite, galena, marcasite and

pyrite are disseminsted have been the subjects of controversy.

The oxigin and time of deposition of chert in the Mississippian
limestone of the Tri-State district especially has been subject to ar-
gument, Hovéy,199 Haworih,zoo Schaidt and Leonhard,201 Suith?92 and
Tarr203 held that thé chert was syngenetic with the limestones. Buckley
and Ruehler?04 belieQedkthat p#rt of the chert was formed as an ori-

gincl deposit with the limestone, but that part of the chert was con~

199gcmund Otls Hovey, “4 Study of the Cherts of Misscuri',
Appendix A of "Lead and Zinc Deposits' by Arthux Winslow and James D.
Robertson, Mo. Geol. Survey, Bept., vol. VII, p. 733, 18%4,

200g:asmus Haworth, “Specizl Report on Lead and Zinc”, Kauses
Geol. Survey Rept., vol, VIiI, part I, p. 88, 1804.

201Ado1f Schmidt and Alexender Leonhard, “The Lead and Zinc
Regions of Southwest Missouri®, Mo, Geol. furvey Rept. for 1874, p.
412, 1874, :

202y, S, Tangier Smith, in discuesion of “Chertification in
 the Tri-State (Oklehoma-Kansas-Missouri) Hining District”, by George
M. Fowler, gt al., Am. Inst. Min. Met. Eng. Trems., vel. 113, p. 156,
1935,

2033, A. Tarr, "The Miami-Picher Zinc-Lead District", Ecom.

204g, R, Buckley and H, A. Buehler, “The Geology of the Granby
&rea, Mo, Geol. Survey Rept., vol. IV, 2d series, p. 40, 1505.
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tributed leter by silica carried in ground waters. Dake203 peld

that most of the cherts had formed 8s a product of weesthering.
Weidman,206 Bastin,207 Giles,208 Fowler, Lyden, Gregory and Agar,20?
and Ridge?l0 considered the chert to be an epigmtic replacement

of limestone éuring the urly phues of ore deposition from hydro-
thermal solutions.‘ t‘olk and Heaverzu on the basis of studies atded
by the clectgon wicroscope, suggested thet the microcrystalline
quartz portions of the chert were due to the teplmr; of solid
limectone or unconsolidated lime coze by gilica and that the chal-
cedonic quarte per'tione of the cﬁcrt had foruéd by crystallication of
silica in watei—filled cavities and thut some of the water was trapped

fn the chalcedony.

205¢C. L. Dake, in discussion of "The Ore Deposits of the Tri-
State District (Missouri-Kansas-Oklahoma)", by George M. Fowler end
Joseph P. Lyden, &m. Inst. Min, Met. Eng. Trans., vol. 102, p. 242,
1932,

2065 amuel Weidman, "The Mismi-Picher Zime-Lead District,
Oklahoma" Okia. Geol. Survey Bull. 56, pp. 117-118, 1932,

207gdson S. Bastin, “Relations of Cherts to Stylolites at
Carthage, Missouri", Jour. Geelegy, vol. 41, pp. 371-381,1233.

20841bert W. Giles, “"Boone Chert", Gecl. Soc. hsmerice Bull.,
vol. 46, pp. 1815-1€78, 1935,

209George M. Fowler, et al,, "Chertification in the Tri-State
Mining Diletrict", Am. Inst. Min. Met. Eng. Trans., vol. 115, pp. 106~
163, 1933,

210John Ridge, "The Gemesis of the Tri-State Zinc mnd Lead
Ores", Econ. Geolozy, vol. 31, pp. 298-313, 1936,

2l1gobert L. Folk amd Charles Edwerd Wesver, “A Study of the
Texture aad Compozition of Chert", Am. Jour. Sci., wol. 250, pp. 506-
509, 1952, :
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The present writer believes that most of the chert is formed
&s a primary sediment on the sea bottom, This is indicated by the
occasional occurrence of subanguler to subrounded reworked fragments
of chert which occur within the limestone and are distributed.along bed-
ding planes to form intrefoxmational chert conglomerates in some places.
The borizontal bedded and modular nature of the chert, the wide geo-
graphical distribution, the relative scarcity of chert in the pre-
Mississippisn formations of the dietrict, and the occurrence of chért
pebbles in.the overlying Certervillé Formation, support a primary
, origin for most of the chert., The presence of amino acids in the chert,
detected by Earney,ZIZ indicates that the chert 1s not hydrothermal,
since these acids are unsteble &t high temperatures.

The writer believes that the role of replacement by the chert
has been overemphasirzed; that the amount of replecement has been only
of minor importance. The observed replacement of cerbonate foesils
can be adequately explained by organisms-falling into silica gel
accumulating on the sea f£loor, end the local,tiplceement of limestone
or lime mud adjacent to chert nodiiles or lemses probably took place
muiﬁly during diggenesis. Some calcite-chert mixtures observed in
thin sections can best be &ccounted for by coﬁﬁempornneous deposition

of chert and limestore, rather than by replacement of limestone by chert,

212gmmet C. Barney; “Petrology of the Chert in the Boone Group
end its Stratigrephic Relation in the Southwest Oeark Area”, umpub.
Masters Thesis Kancas Univ., 80 pp., 1539.
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That two or more generations of chert are present is proved
by the occurrence of chert fragmente cemented by later chert. That
two or more generations of chert were formed pricr to Chester tike is
proved by this writer's discovery in the Chesterian Mayes conglomerate
of chert pebbles which consist of chert breccia fragments cemented by

& later darker chert,

Glauconite

Glauconite appears to hévé formed eerlier thean gray dolomite
znd sglfides disceminated in jasperoid and in dolomite, as it generally
shows {ts rcunded outlines agaiﬁst délomite and disseminated aqlfides.
Glaucenite gramiles mzy be observed within disceminated sphalerite in
sore gpecimens, Glauconite also formed earliér than jesperoid, since
the glauconite grenules gererally exhibit their rounded outlines against
the quartz crystals of the surrocunding jasperoid,

Gleuconite is much more abundant in jasperoid zmd gray dolomite
than in chert. This probably indicates that the environment of dep-
osition of chert>wﬁs not ecpecially faVQréble to the formation of
glauconite.

Glauconite is a mineral which may yield infowmation as to ite
environment of deposition. From its present-day enviromument of
deposition and from the‘interpretatibn'6f’its occurrence in solidified
rocks, Cloud?13 concluded that glauconite is a product of marine dia~

geresis and that its formation is favored by reducing conditioms, and

213preston E. Cloud, Jr.,, "Physical ‘Limits of Glauconite Forma-
tion“, Am. Assoc. Pet. Geol. Bull., vol. 32, pp. 490-401, 1955,



148,

by slow or negative sedﬁment&tion. The close proximity of igneous
or metamorphic rocks and a relatively shallow enviromment of deposition,
lacking influx from fmportant rivers were also considered favoreble
to the formation of glauconite. Grim2l4 considered the presence of
orgenic matter eesential to the formation of glauconite. Galliher?l3
found glauconite forming ot the present time at cepthe frow 20 to Z0C
feet in Monterey Bay, Celifornia. The lighter color end fragmentation
of some of the glauccﬁite_in the Tri-State district probably indicates
that part of the glauconite has suffered movement after its initial
formation.216

Thus the glauconite probebly formed on the sea bottom along
with limestone and chert, and has reached its present position, by
solution of the limestone and tramsportaticn by the solutions which
gave rise to the jasperoid. Therefore its position in the parsgenetic
sequence accompanies that of limestone and chert and preceeds that of

jasperoid, gray dolomite end sulfides.

Jasperoid

The nature and time of formation of jasperoid have been subjects

214Ralph E. Grim, "The Depositional Enviromnment of Ped and
Green Shales", Jour. Sed. Pet., vol. 21, p. 230, 1951.

215p, weyne Galliher, "Glauconite Genesis”, Geol. Soc, America
Bull.’ VOl. 46, pc 1353’ 1935Q

216Mitchell A, Light, “Evidence of Authigenic and Detrital
Glauconite", Science, vol. 115, p. 74, 1532,
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of great comtroversy. The writer believes that the jesperoid
originated from epigenetic metecric silica-bearing solutions which
vexied in nature through time and epace. These variations included
aGueous silica solutiba, colloidel silice sclution end cilics gel
or much. These solutions have both replaced favoreble limestcue beds
gud have filled open spaces providirg cementation for ckert, limestene
end dolowite brecciee. This conclusion is substantiated by: 1) the
banded charzcter of the jaspercid, 2) the kigh degree of contorticn
of some bands, 3) the support which it lent to the chert breccias, 4)
the well crystaliized form of dolomite end sulfidee disseminated in
the jacperoid, and 5) the occurrence of geopetal fabrics in jasperoid.
The writer further believes that the jasperoid is epigenetic.
Evidence supportiag this belief is: 1) the cementation of chert,
limestone gné doloxite breccias by jasperoicd and the filling of
fractures in the chert and in the limegﬁone by jaspercid, 2) the
sharp, nearly vertical contacts between limestone amnd jespercid,
3) the abuncance of sulfidesvin jesperoid, in contrast to the almost
barren nature of ckert and liﬁestcne, 4) the greatly breccicted ncture
of the chert, in contrest to thé lessar brecciation of the jsepercid,
5) the areal and stratigraphic association of the jaepercicd with the
ore depasite, and 6) the unfossilifercus nature of the jesperoid. 1f
the jasperoid were syugezetic it would seem likely thet it weula
have formed breccics similar to those cf the chert, that jesperoid
breccias cemented by chert would cerur, that chert would coatain

disseminated eulfides similexr to those in the jasperoid, and that
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jasperoid would exhibit a wider and more continuous geographical
distribution eimilar to that of the chert and limestone.

That the jespercid formed after limestone is indicated by the
fact that jasperoid fills fractures in limestcne, cements blocks of
limestone, and replaces limestcne. These relationships are illustrated
in Figuvres &, 51, 52, 53, and 54, . That jasperoid formed after chert
is indicated by its comnon occurrence &s fracture fillings in chert
end as a matrix for chert breccias.,

These relationships are best shown in Figures 42, 43, 44, 47, 48,
51, ané 32, That jasperoid formed later than glauccnite is proved by
the cementation of broken fragments cf glauconite by'the jasperoid.

The writer believes that the jasperoid, the disseminated sulfides
end gray dolomite were contemporaneous. While tiny quartz crystals of
the jacperoid ere included by the disseminated sulfides and by the gray
dolomite, part of the jasperoidal quartz cements blocks of gray dolo-
mite, cuts bands of dolomite, end forms a fine druce upon the surfaces
of fractures which cut earlier jasperoid and disseminéted sulfides.

&1l of the jasperoid did nct form at once but over & spam of time.

The recurrence of jesperoid shown by the occurrence of fragments of
Jesperoid and-jgsperoidal'dolomite cemented by later jesperocid and

jesperoidal dolomite,

In summary, the formation of jazspercid fcllows that of the

formation and brecciaticn of chert, limestone, end glauconite, It was
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accompanied by the cryctallization of gray dolomite and disseminated
su;f;ées, but some of the jasperoidel guartz formed before these

mirerals egnd some forred zfter them.

Diceeninated Sulfides

Ephalerite, galeaa; prrite and marcésftc commonly £re éisrene
inated through jsspercid end gray delomite. According to Fowler2l?
maseive chalcopyrite sometimes occurs within jesperoid, Pytite elso
coumonly occurs disseminsted through limestone end chert. The -
dissexinated sulfides geﬂérally exhibit voughkly eubedral shepee, but
undef high magnifications their boéndaries'can be eeen to be quite
irregular, Jazpercid quartz crystels generally czm be seen to show
their outlines against the sulfide grédin boundaries end euhedral
quartz cryetels occur within some sulfide graims.

The time of deposition of the eulfidés dicseminated in jaspercid
aud groy dolomite hae been & ccn;rcvaréial Suhfect.rlsastip and.Riége
believed that the sulfides hed replaced jaspercid and gray dolozite
snd vers emplaced ccﬁtémperasecasly with the sulfides ceposited fn
vugs. Fowler and Lyden belicved that jasperold, arsy dolemite end
the disseminated sulfides were deposited ecSentialiy conteﬁpozagenualy.

The vriter holds that the dicsesinated sulfides_érystaiiized
in & Jasperoid medium ﬁhicﬁ was cfysteiiizing st essentially the seme

tize o5 the sulfides to forz the jaspercid. The earliest formed

217Gaorgenx. chlér. Oral comaunicatien. 1259,
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jasperoid quartz crystals were included in sphalerite which crystal-
lized within the jasperoid medium. This quartz aleo prevented the
sphalexite from fqrming smocth crystal boundarfies. The last part of
the jaspéroid;td crys:aliizé formed a cement. This cohceﬁt is supported
by the fcllowing features: 1):§he.dis§eminéticn and bending of the
sulfides in jasperoid is suggestive of crfstallizatidn in;a'gel, 2) the
1§tﬁ§ate textural relatiénship'betﬁeen the disseminated sulfides and the
jasperoid indicates penecontemporanecus crystallization, 3) the pellet
shape of come of the pyrite and marcasite is suggestive of oolite forma-
tion in a gel;.4).the océurrence.of géopetél febrics iﬁdicateg’ﬁhat the
éilica wedium was neither wholly fluid or cowpletely rigid, and 5)
certain previously proposed replacement textures are unteasble,

Disseminated éulfgdea feplacing jasperoid, would mot yield
the following.observed reiationships; Within single hand specimens jas~
percid contains abundant sphalerite while adjacent or interbanded
dolomite comteins little or no sphalerité.‘ One would think that
dolomite would be more readily replacesble than quartz. Thin sections
of dol&mitic jaspercid reveal that sphalerite occurs in the quartz
bortioﬁs) of the dolomite areas rather than in the dolomite ftself.
If the sphalerite replaced the dolomitic jasperoid, then it has’
eélectively-replacéd jaéﬁeroid ereas in preference to édjécent dolomite.
This seeps unreasonable.

Similar reasoning with respect to chert lends further support
to the above ¢oqc1u;19n. Sphalerite commonly oceurs diseenminated

in jasferoid but rarely in chert. 1f the sphalerite had been coplaced
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after solidifiéatioﬁ‘of botﬁ chert and jasperoid, it would Bave had to
selectively replace jaspéroid'in éfeference to chert. 4This gééms un~
reasonable and theréfcre,it:ié tﬁe writef's cpinion that the‘dissem£n~
aﬁed sulfides were not introduced by replacement of jasperoid efter it
had eolidified,

The pearagenetic squénce ¢f the sulfides disseminagted in jespexr-
oid is samewhat~variable; but in gemeral it is: pyrite, mat#aaite, pyrite,
sphalerite, galena. Marcaéite generally crystallizes aftér.pyritg and
frequently forms in small open spaces in maésive pyrite and in broken
bands of pyrite in jasperoi&. It aiso exhibits considerable intex-
growth with the pyrite.. Crystallization of pyrite before end after
marcagite is illustrated in Figures 19 and 20, pages 55 and 57. The
sphzlerite snd ga}enA‘diéseminazed in jasperoid fiaqueﬁcly include
small grains of pyrite and mercasite znd hence they have formed after
the iron sulfides. Rearely snall galena veins cut disseminated'pyrite
and marc&site; Various texturel relgtionships-haQe been observed
between the diéscminated sphalerite ghd galena, . Each may exhibit
its outline‘against the other, but usually sphelerite shows its
rotund outliﬁ§ egeainst gaiena.- iﬁclnaions of galena in sphalerite
heve been‘notéd. Disseminated sphélerité and galena formed at abeutv
| the same.time, but sphalerite uSuélly preceded the galena.

The paragenetic reiationships between gray dolomite crystals
end sulfide crystals disseminated in jasperoid have been observed.
The dissaminéted;sulfidea genexally é#hibit euhedral boundaries -

againet dolomite, and some sulfide crystals are included within dolomite



crystals, but in places gray dolomite shows its rhombic ocutline against
sphalerite., The writér 1nterpréts these textural relatiocnships to
indicate that the sulfides geneially formed in the jasperoid medium
befere gray dolomite, but occasionally sphalerite continued to be
deposited after the gray dolomite had crystalliged.

The presence of g.;auccnite in the _]aspgro.td is of M¢ctéd
interest, It is.blder"ihén.the jésperoidAaﬁd:muet have been derived
from the hpsﬁ rock. Glau;onife exhibitsiifs ;ound to gllipticél shape
egeinst gray dolomite aﬁd'diéseminétéd sulfiﬁes,\#hdvglauconita granules
ére inéludeé éithin these minerals. The #S§oéi;tioh‘§f glauconite

th matine sediments would suggast its derivation from the host rock
:rather than being formgd from the ore~£orming so;ution. |
| To summarize, the writer believes that the culfides d;ssemin—
ated in jasperoid formed in a ja&peroid mediuﬁ.;aﬁd crystallized
at ebout the same time as the crystallizetion of that wedium, although
some jaspercid quartz formed Befgre the diésgninated sulfides and
some crystallized afterward. The pafagenetic reletion of the splfides
dissﬁminated in'jasperoid to each other isuﬁﬁri#ble, pﬁt the genersl
éiquchce 1s: pyrite, mé:casite, pyrite, epﬁalerité; and galené.
The formati;n of glauconite preceded the forﬁation of diseeminated
tulfides and it must have been derived from the host rock. The
ctystallization of gray dolomite usually followed the crystallization
of the disseminated sulfides but some ephcler;te continned to crystal-
lize after the gray dolomite. Crystallization of the silica gel to
form jasperoid begen early and ended aftexr all the other minerals had

formed.



Gray Dolomite

.Two types of gray dolomite occur in the district: ome a fine-
grained and tﬁe other coarse grained, The‘bedded nature, wide horigontal
extent and the presence of fine-grained dolomite fragments cubédded in
jasperoid and in coarse-grained gray dolomite, suggest that t".hia fine~-
grained dolomité is of‘di;ect sedimentery or of diagenetic origin. This
dolomite appéars to be conﬁemporaneous with the cherty limestones,

The coerse-grained gray doloﬁiteAthen forme the matrix of
chert breccias and therefore is clesrly later tﬁén the»btecciation of the
chert,

The relationship of gray dolomite to jasperoid is not constant,
In the minea this dolomite may be seen cutting jasperoid and jasperoid
_may be seen cutting dalomite. the 1atter relationship being more fre-
~quent, Most commonly dolomita is disseminated in or, interbandad with

Jasperoid. In thin sections of this rock at low magnification, the
dolomite rhombs appear to be essentially euhedral. Under higber
‘magn&fication, however, the jasperoid quartz crystals can often be
séon to show their outlines against the dolomite crystals and euhedral
quartz cryatals are 1nc1uded within some aolomite thombs, Although
some quartz crystallized beforg some gray dolomite ‘the reverse aiéo
. occurred and the ﬁritér believes that the éolomite and the jas§eroid

quartz crystallized contemporaneously.

Fracturing and Brecciation

The deboeition of the jasperoid and gray dolouite was followed by



fracturing and brecciation. The resultimg brecciz is quite different
from chert breccia. The phenoclasts of the chert breccia are dense
eand sharp-edged whereas those of the dolomitic jaspercid are mot so
sharp and their contacts with tie cement are not always distimct. The
axount cf fracturing and btrecciation of jaepercid and grey dolomite
ie muck lesgs ther thet cf tie cnert, &=C the vupt and fractures resuit-
irg from the brecclaticn freguently are lined with pirnk delomite,
sulfides end calcite.

All fracturing end brecciaticn did not occur at the same tiwre,
Early brecciation is evidenced by the occasional eccurrence of pheno-
clests which in themselves are composed of fregments of jasperoid ce-
mented by later jaeperoid. Lees commonly gray jesperoidal dolomite
blocks are cemented by dolomitic jaspercid, Later tectomic activity
is evidenced by the fractured jaspercid and ﬁrgcciated veins of pirk

Golomite,

II. Minerals Deposited in Vugs:

The sequeuce cf mirneral deposition in vugs hae arouced Jers
controversy than the dieseminated bedded deposits., Many veriaticns
diecuesed belovw have not been noled previously or were not emphesized

eulficiently.

Quarts
bMany of the vugs initielly were coeted by & fime, gray te dark
quertz druse. The quartz Gruse was deposited most commomnly upon chert

and jeeperoid, rarely upon gray colomite which gereraily gredes directly
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into pink dolomite without this intervening quertz druse.

The quartz druse mormally was deposited before pink dolomite,
galena, ephalerite and wmarcasite, but rarely it occurs with or after
these minerals. Ravely quartz druse is present on pink dolomite
benesath sphslerite c;ys:ais; rarely it ie pteéent on sphalerite
beneath galena, Quaitz druse rarely is depogited on galena b;fore
marcasite or quartz crystals included within tﬁese twvo minerals,
Small quartz cryatals'rarely occur within}sphalerite deposited in
vugs upon pink dolomite,

Late quartz crystals dp'to 2 centimeter or two in size cap
the sulfides deposited during the main period of mineralization.
This quartz generally.;s deposited on sphalerite without intergrowth
and fpfmg & complete coating over galena, sphalerite, chalcopyrite,
marcasite, pyrite‘aﬁd‘nther early minerals.

Quarts oécﬁrs or recurs:several times in the paragenﬁtié
e?qucn;a. It appeaxs}aé:  1) jasperoid, 2) qui:tz diﬁse ééposited
upon chert, jaspéroid, aﬁd'on some gray‘dolemite,’B)}quarti druse
upén pink dclomite>benea£hlsphaierite, 4) rere quar;z crystals within
gphaleri;e; 5) rufe qqatt;‘druse on sphalerite beneath galens, 6)
r&re crys£§13 wighiﬁ galena, upon galena beneath marcasite, and
‘within narcusite,'and:7) léte quartz crystals deposited upon galens,

sphalerite, chalcopyrite, marcasite, and pyrite.

Pink Dolomite

Pink dolomite is deposited in the vugs as saddle-shaped



rhombohedral crystals on gray dolomite, jasperoid, chert fragments

and quéertz druséf“‘in the mines it also may be obeerved as small
fracture fillings parallel to and cutting the banding of grey dolomite,
jasperoid, &nd'limestone.- In these places, pink dolomite is clearly
later than jssperoidAand its disseminated sulfides. In other'places,‘
pink dolomite grades into pray dolomite and seems to be contempox-
aneous with the gray dolomite, -

Pink dolcmite’generélly is free of qﬁartz, but occasionally
quartz druse occurs on pink éolomite.' This is in distinct contrast
to the gray dolomite, which generally contains considerable quartz
intergrovn with it,

Pink dolomite, in very minor amounts, reoccurs much later in
the mineral sequence. The writer has observed s few crystals de-
posited on galena and on ephalerite, Very small dolomite ct&stals
elso were observed occurrxng wichin quattz ‘druse deposited on -
sphalerite which, in turn, was older than galena. n;nlomezis repo;ted
Pink dolomite on sphalerite in a single specimen.» Roger5219’observeé
pink dolomiﬁe‘éniéorrddéd‘galeﬁé; Buckley &nd Buehler??0 noted pink

dolowite on hemimorphite.

,218A1fred L. Ransome, "Enargite and Plumbojarosite at Picher,
Oklahoma™, Am. M*nergloglst, vol 20, P. 803 1838,

219austin F. Rogers, pt. III in Eresmus Haworth, "SPecial
Report on Lead and anc", Kansas Geol Surveg Rept., vel. VIII, P
504, 1904. L _ ‘

220g, R. Buckley and H. A. Buehler, “The Geology of the Grenby
Area', Mo. Geol. Survey Rept., vol. IV, 24 series, p. 53, 1905,
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Therefore, elthough pink dolomite was deposited mainly after
gray dolomite, jasperoid, disseminated sulfides end quartz druse, it
aleo crystallized in minor quantities both before and after its main

pexiod of deposition,

Sphalerite

Sphalerite is genmerally the firet and most abundant sulfide to
crystallize on pink dolomite in the vugs, but at'prlin and other
camps to the eést, galena s?ams more frequently to have been deposited
before sphalerite. Since the sphalerite in the vugs is deposited
on pink dolomite which fills fractuvres in jasperoid.containing dis~
ééminaied sphalerite, the sphaleritevof_the vugs is clearly later
than the disseminated sph#lerite.

Swmail, brown ‘to reddish sphalerite crystals also occur on
galena crystals which have forme& on larger earlier lighter-brown
sphalerite. These small sphélctite crystals &re common in cavities
in jaspercid end on chert breccia.fragments. R#tely they occur on
' chalcopyrite, and farely in and beneath heavy marcasite coatings
d&pasited upon galeha. Rarely small dark crystals of sphale:ite
occur oﬁ late quartz crystals and some of these sphalerite crystals
are covered by calcite, More xarely sphalerite wac deposited on
celeite.

Stalactitic, botryoidal material comsisting of zinc sulfide,

galena, and marcasite has been observed in only a few mines.
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Siebenthalzzl.reported gine su}fide stalectites deposited on marcasite
end he222 also observed botryoidal intergrowthe of sphalerite and
galena on chalcopyrite which in turn coated normal sphalerite on the
wall of e wvug, Stalaetitic waterial studied by the present writer
exhibite reticulated intergrowth of galena with the zinc sulfide,
inﬁicating contemporeneous deposition cf these twe minerals. Marcasite
is intergrown with end deposited upon ginc sulfide at the nargin of one
stalactite, Evans aund chnight223 ptoved the presence of emall wurtzite
crystals deposited upon the stalactites. Therefore the paragenetic
soquence for the stalactitie material 1s' sphalerite and galena,
wurtzite and marcasite. This stalactitic eequence is a late phaae of
the gulfide deposition and followed the nain period of deposition of
sphaletite, chalcopyrite and marcasite.

Sphelerite also has crystallized very recently on nails. This
has been repotted by others, but this writer studied a nail at the
prlin,ﬁinetal Huseum, on the head of which cryatals of both sphelerite
lnd galena were deposited The sphalerite begin to crystallize before
the galena, but the two minerals exhibit considerable 1ntergrowth. The

occurrence of sulfides on nails shows that these sulfides atill are

2210.'8. Siehenthai, “Ofigin.of the Zinc and lLeed Deposits of the
Joplin Region - Missourl, Kansas, and Oklahoma'', U. S. Geol. Survey Bull.
606, p. 260, 1951. .

2221psd., p. 263.

223Howa£d T. Evans; Jr. end Edwin T. McKnight, "New Wurtzite
Polytypes from Joplin, Misscuri”, Am. Mineralogist, vol. 44, pp. 1210-
1218, 1959.




161,

being formed from the local mine waters,

Sphalerite occurs and recurs many tiﬁes in the paragenetic
ceequence, It appears: 1) as yellowlsh-brown crystals disseminated
in jaéperoid snd gray dolomite, 2) as brownish crystals on pink
dolomite in vugs, 3) as small reddish~brown crystals on galene,
;halcopyrite_and,earlier sphéleritg, 4) rarely crystals on late
quartz crystals, but before lete calcite, 5) moxe rarely as crystals
on calcite, 6) as . intergrowths with galena in stalactites, 7) as
repetitive crystallization with marcasite in stalactites, and 8) as

small crystals on nails,

Galena

In the Picher field galens mormally is depoeited on and inter-
grown with sphalerite, At Joplin and other fields tc the east, galena
frequently ﬂas crystallizéé before sphalerite.

41though Rﬁge¥5224'bélieved fhat §ctaﬁodral galena is later than
cubic gelena, the preéent wfiter-doubts this relationship.

A small emount of gelena has been woted in stalactites of
. sphalerite. kboutvthree £o f£§é éer(cenﬁ of these'gtalactités is
gaieﬁa; Tﬁe‘éaléna is‘incergrown with the zinc sulfide and in elongated
p&tches which :gdiaté outward from the center of the stalactitic meteriel,
but galena geﬁeraily is absent from the core of‘ﬁhese,stalactitesi
Sphalerite first was depoéiCed alone, and then contemporaneously with

galena. These stelactites clearly are later than the primcipal period of

224gogers, op. cit., p. 452.
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sphalerite, chalcopyrite and marcasite deposition.

The crystallization of small crystals of galena on nails and
tools has been recorded in the literature,229 A specimen of this sort
is exhibited in tke'Jop11n>Mineral'unseum. On this specimen grlena
was deposited after sphalerite, but the tﬁﬁ minerals show considersble
intergrowth...rheee cryeials prove that gelenz i{s crystallizing from
the groundweters of the prlin distrxict st the present time.

From the above discussion one concludes that galera was‘de-
posited more than once: 1) as crystals disseminated in jasperoid end
gray dolomite, 2) as crystals in vugs wmoatly after but also before
the main pgriod‘qf sphalerite deposition, 3) as contcny@rancous icter-
-g:owthé with.sphglerite in stalactitic material, and 4) most vecently

es small crystals on nails,

Chalcopyrite

The nain period of deposition of_chalcopytité folloved‘tﬁat
of pink dolomite ;nd sphalerite; chaicopy:ite»crystalsICoumonly.are
found deposited upon these two miﬂérals, but ch#lcapyiite also was
dgposited befqre aud dﬁring as well as after §p§alerite. Chalcopyrite
crystals most commonly bécur on épﬁalerite, énd'usﬁally sho% little or

no intergrowth with the sphalerite, more rarely chalcopyxrite crystals

ZZSBain, Van Hiéé, end Adams, loc. cit.; Buckley and Buehler,
loc. cit.; Rogers, op. cit., p. 453.
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gre included in sphalerite, pgrcicularly near its margins. Two or
more generations of chalcopyrite crystalé are present witkin some
’sphalerite crystals, chalcopytife crystale covered by spkalerite ere
rare, but fr such occurremces they exhibit euhedral outlines egsinst
the sphelerite. RBarely the leater sphelerite occurs in smsll veinlets
which replace chalcopyrite,

The paregenetic relaticnshié beﬁweea chalcopyri;e endvgaieaa is
difficule to determine because chﬁlcopyrite generally grows on ipbsler-
ite rether than on adjacent galena. This suggestsnthat spﬁalerite.has
scted 25 a seed cxrystal for the chalcopyrite or that the galena is
yourger than thelchalcopyrite. Rarely ehélcopyriﬁe eccurs benesth
galena gud a few cryetals of chalcopyrite hake been noted on galena,
particularly in apecinans from prlin and other fields to the eact.
_The writar belteves thet the main peried of chalcopyrite éeposition
folldwed that of galena,‘but that chalcopyrite deposited upon egpkalex~
ite {n prefercncé to fhe galen#- | | |

Rarely chalcopyrite is deposited'on iate querte, and occasion-
ally it &s cqggéd by ecalcite., In comé cccurrences chalcoﬁyfite iz
deooaited on s?haleiite which in turﬁ is deposited on quartz. This
is a late type of chalconyrite but sn even later type is the rere
occurrence of chalcopyrite on calclte end filling fractures in calcite.

The sbove occurrences show that the chalcopyrite disseminated
inAjaeperoid and éray 6olomiﬁe was formed eerly in the mineralizstion
Process, but m§st ofithe chalcopyrite was crystallized after wmoet of

the ephaicritcland guiﬁna. tlthaugh some chalcopyrite was égposited bef0re
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end during the main period of sphalerite deposition and some chalco-
pyrite was depocited after gphalerite but before galena. Minor
chalcopyrite crystallization recurred after late quartz was deposited

&nd again after calcite was deposited.

Pyrite end uarcaéite

Pyrite occurs bnvﬁéth sphalerite and galens and shows little or.
no intergrowth with these minerals. it conﬁonly is dépoeited on end
intergrawn with chalcopyrite and marcasite and it also is depoeited
on p&nk dclamite but exhibits no intergrowth with this miueral.

Marcasite generally farms cmall tabular crystals on pink
dolomite, sphalerxte and galena &nd generally exhibits little or no
intergrowth with these minerals, Marcasite also occurs on galena
nnd occasionally forms a complete caating over galena frcm which it
may be separated by a niscontmnuous coating of a late drusy quertz.

| ‘arely-ma*casite was deposzted after pytite on chalcopyrite,
all three having crystallizad before the main period of galena dep-~
osition, But after the main period of sphalerite deposition.

' Pyrite and marcasite were deposited maicnly during end after
chaicopyrite, but,often the three minerals ere ictimately intergrown.
Chalcopyrite was the first to complete its deposition. Usually pyrite
coutinued to deposit after the.depesiticn of marcesite had ceased,
hovever fhe reverse sequence is coumon.

Marcesite end pyrite recur as small crystals on late quartz
and in some ingtances were deposited before calcite,

tuunmmit& tnd )1tita slso oceur wtchin calcite. they have '
been doposited on the eurface of the calefte erystals, aud they are
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concentrated along the edges cf some calcite crystals. Corntinued
calcite deposition enclosed these iron sulfide crystals, Marcasite
occurs as emall blades, which both lay £lat om the calciﬁe end elsc
stand oo end. It also occurs in stellaté»groups in some calcite
specimens., Pyrite usually occurs i calcite as cubes., Marcesite
is intergrown with the chalcopyrite in calcite and also occurs as
free crystals in the calcite,

Small erystals of marcasite and pyrite also were deposited on
calcite, Rarely, botryoidal, stalactitic mercasite was deposited on
czlcite,

In some stalactitic zinc sulfide, marcasite is intimately
1ntergrownAwith-and replaces tﬁe zinc sulfide of the outer porticns
of the stalactites. Stalactiﬁié pﬁrite was feported by Leonhard,226
associated with and probably deposited upon galena.

Marcasite and pyrite occur ﬁ#ﬁy times in the paragenetic
sequence, .Pyrite occurs aé euhedral crystals and irregular shaped
greins in limestone &nd chert znd as euﬁedral crystals, round grains,
end irregular to banded areas in jasperoid., Marcasite occurs in
radisl aggreg&tee on the round grains of pyrite, ané as grains on
fractufe surfaces which cut pyrite beuds. Pyrite recurs on radial
marcasite end rarely crystals of pyrite end mercesite are deposited

 with chalcopyrite on, with and efter sphalerite, but before galena,

Pyrite end marcasite crystals are commonly deposited with &nd on

226Alexander V. Leonhard, "Notes on the Mimeralogy of Missouri”,
Trans. 8t. Louis Acad. Sci., vol. 4, Pp. 445, 1882,
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chalcopyrite which has been deposited on sphalerite, Pyrite and
marcasite crystalg rarely ocecur on late quartz beneath late calcite,
end more commonly within end on late calcite. They also form stelact-
ites upon palcite and earlier minersls. .Harcasite occurs on &nd re-

places stalsctitic zinc sulfide.

Enargite

Enargite generally is later than quertz and earlier thanm .
calcite, however an occasional crystal haé.been noted beneath
chalcopyrite an& others have been observéd»to be intergrown with
chalcopyrite of the main chalcopyrite period of depcsition. Ransome?27
reported enargite deposited after calcite, Enargite spperently began
to‘crystallize toward the'end‘of the period of chalcopyrite deposition,
and either continued to be deposited or recurred after the formation

of late quartz crystais. Although energite usually preceded calcite,

some of the enargite was deposited after calcite,

Hurtzite
o n ’ . 228
Wurtzite was detected in the Tri-State district first by Rogers.
It presence was recently confirmed by the x-rey studies of Evans and

McKnight.229 The wurtzite crystals were deposited upon the surface

227 p1fved L. Raﬁsome, YEpargite end Plumbojarosite at Picher,
Oklahoma, Am. Mineralogict, vol. 20, p. 801, 1935,

228auetin F. Fogers, pt. I1I in Evasmus Hawcrth, ''Special Repor
on Lead and Zinc", Kansas Geol. Survey Rept., vel. VIII, pP. LE1-462,

229goward T. Evans, Jr. end Edwin T. McKnight, "New Wurtzite
Polytypes from Joplin, Missouri®, Am. Mimersiogist, vol. 44, pp. 1210-
1218, 1959, . : - g : :
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of stalactites containing sphalerite and galena and therefore are
younger than the stalactitic sphalerite and galena, which were formed
after the wain periods of deposition of sphalerite, chalcopyrite and
warcasite, The paragenetic relationship of wurtzite to late quartz
- and calcite is unknown since these minerais have not been observed
associated with stalactitic sulfides.

The'present wvriter observed anisotropic neeéles within the-
stalactites, which #ere Lelieved to be wurtzite but the amount was

too small to be detected by x~ray analysis, as shown in Table IIJ.

Calcite

Calcite has been deposited after chert, jaspercid, gray dolomite,
end efter the main periods of deposition of sphalerite, galena, chalco-
pyrite, pyrite,‘marcasite and enargite. It exhibits iittle cr no
intergrowth with these minerals, end frequently it completely coats
thé eariier minerzls. Yet, some celcite was deposited early, &s
shown by its rare occurrence witkin sphalerite crystals formed during
the main period of sphalerite depcsition.

Calcite crystallized during two or more periods rather than during
one, Fcrriﬁéton239 end Rogers,23) described many types of calcite
crystals, but did not discuss their paregenetic relatiomships. The

deposition of swall crystals of marcasite, pyrite and chalcopyrite

2309, c. Ferriungton, "Crystal Forms of Celcite from Joplin,
¥iesouri', Publications of the Field Columbian Mueeud, Ceological
Series, vol. I, no. 7, pp. 232-231, 1900,

231Rogers, op. cit., pp. 467-490.
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upon former growth surfaces of calcite and the subsequent covering
of these suifides by calcite, iudicates either coprecipitation of
calcite and ‘sulfides or deposition bf calcite at tuo or more times.
Scalenohedral Calcite'crystals on rhombhedral calcfte crystals indi-
cates some change in the character of the.depositing sclutions, but
thg natﬁre of this change is unknowa.

Calcite deposited before sphalerite and gelena on a nail from
2 wise in the Joplin district was observed-by the writer in the Joplin

Museum, This indicates a‘very recent crystallization of calcite.

I1l. Secondary Minerzls:

In tﬁe mines of the Picher field, where the writer ccnducted
the major portion of ﬁis investigations the oxes nmormally are not
oxidized but secondery minerels have been observea by this writer on
specimens in museum &nﬁ private collecticrs, and most of the secondary
minerals have been deccribed by previous investigetors. Although the
peragenetic relationships of the secondary minerals is variable, the

writer has attempted tc¢ arrange these minevals according to their

parageneiic positions.

Berite
' The poragenetic relations between barite and caicite seem
varieble. The writer observed barite on calcite, and mercesite

which,in turn,wes on calcite, Winslow and Robertson232 noted calcite

232Arthur Winslow and Jemes D, Robertson, 'Lead and Zinc
Deposits", Mo. Geol. Survey Rept., vol. 7, p. 460, 1894.
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on barite, and Roger5233 repcrted both paregenetic relationchips,

Usually barite was the last of the twvo minerals to be deposited.

iragonite

Weldman?34 observed cup-shaped forms of calcium carbonste which
he believed originzlly éere eragonite deposited upon célcite, spheler-
tite and chalcopyriﬁe in the Golcen Roé mine. He stated that " ....
it occurs in more than oneigeneration, as it alterﬁates in deposition,
hot only with calcite, but aleo with the ore-ninerals." Marcasite
wzs deposited upon some aragonite cups.

| Buckley ané BuehlerZ35 reported aragonite on calcite boulders
in the Pennsylvanian shalés of the Granby field.

The writer studied cup-ehaped calcium'carbonate forms from the
Lucky bill mine of the Picher field by x-ray enalyeis, as shovn in

Teble IV, page 119, &nd found them to be composed of calcite.

Smithsonite
The writer observed smithsonite on and replacing calcite crystels.

Pseudomerphs of smithsonite &fter calcite exhibit interlayered smithsonite

233ROgers, op. cit., Pe 503.

234g5gmuel Weidman, “The Mismi-Picher Zinc-Lead District, Oklahowa",
Lkla, Geol, Survey Bull. 56, pp. 58-60, 1832,

2358, R, Buckley and K. A. Bueller, "The Geology of the Granby
4res™, Mo. Ceol. Survey Rept., vol. IV, 2d serles, p. 34, 19C5.
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end hemimorphite.

Feriimorphite

Evcellent pseudomorphs of hemimorphite and emithsonite after
calcite are in the Misscuri School of Mines museum, These ghow hemi~

merphite on emitheonite, or an irterlevering of the two minerels.

Sphelerite

Earthy zinc sulfide on jasperoid and gelena at Galens Kensas,

~
-y
-

was noted by Kobertson.2-¢ He believed that this zinc sulfide formed
‘after the decomposition of normal sphalerite, Smitheonite end hemi-
morphite were not escociated wi;h this eerthy ginc sulfide.

fmell sphalevite crys;als occurring in porous smitlisonite were

noted by Smith,237'who believed that they had formed either curing or

efter the formation of the smithsonite.

Bornite

Bornite is a rére secondery mineral in Joplin oxes., It occurs
88 g thin film ou sphalerite and chalcopyrite, end alsc as irreguler
petches and veinlets, principally zlong the grain boundaries between

nercegite and chalcopyrite.

236 Jsmes D. Robertson, "On a Kew Veriety of Zinc Sulfide from
Cherckee County, Kersas", Am. Jour. Sci., vel. 40, 3d ser,, pp. 160-161,
1€90. :

- 237w, S. Tengier Smith, “Secondary Charxescter of Pebble anﬁ Ruby
Jack of the Joplin District", Econ. Geology, vol. 30, p. 702, 1935,
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Covellite

Covellite is @ very wmiunor secondary sulfide in Joplin ore. It
generally is associated with bormite. It forms irreguler veinlets
which grade into veinlets of bornite, frequentiy essociated with tle
greiv bounderies between marcasite and chalcopyrite, Coveliile inter-
sects and replaces bormite and thus it is younger than borsite. Vein-
lets‘of covellite also have been cobserved by the ﬁriter to transgress
smnithsonite end hewimorphite and thus a period of sulfide formation

foliowed one of oxidation.

Sulfur

Sulfur on covellite costing sphalerite and chalcopyrite was obeerved
by Ransome<>C in a single specimen from the Barr wmine, near Picher,
Oklahoma. Secondary sulfur deposited upon chert, jesperoid, galena
and‘sphalerite at Galena, Kane&s,zﬁés reported by‘Rogers,z39 who

believed that it formed before cerussite and anglesite.

Apnglesite
AAnglesite was cbserved on galerz by seversl investigatcrs:
Buckley andJBuehlerzao Rogers,241 Weidman, 242 Lecoherd, 23 end the

present writer.

-

238Ransome, on. cit., p. 802,

23%Rogers, op. clit., pp. 449-450,
24OBuckley end Buehler, op. cit., p. 453.
241Rogers, op. cit., p- 498.
242ye16men, op. cit., p. 56.

243Leonhard, op. cit., p. 442,
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Ceruscite

Roger6244 observed cerussite pseudomorphic &after calcite in
gpecimens from Granby, Missouri, Cerussite melds of galena crystals
‘were veported from Grenby, Missouri, by Buckley and Buehler?45 The
present writer also obeerved cerussite éeposited on galena and on

calcite in specimens in the Miseouri School of Mines Museum,

Leachillite
Pirsson end WellsZ?4® and Winslow and. Robertson247? reported

leadhiliite deposited upon ceruscite, end Buckley and BuehlerZ48 noted
- leadhillite pseudomorphous after calcite. Leadhillite intergrown
with cerussite deposited on galena was observed by the writer in

epecimens from Gramby; Missouri.

Pyromorphite

Schuidt end Leonhard24? observed pyromorphite on cerussite at
Granby.  Pyromorphite pseudomorphous &after galenas at Joplin and Gramby was
reported by Roger5250 who noted that between the galena and pyromorphite

cerusgite occurred as an intermediste stage of slteration.

244Rogers, op. cit., p. 492,
245Buckley and Buehler, op. cit., p. 43.

2463, v, Pirscon and H. L. Wells, "On the Occurrence cf Leadhi%lite
in Miegouri end its Chemicsl Composition', Am. Jour. fci., vol. 48, 3<
ser,, pp. 219-22¢, 1894,

24Tyinslow end Robertescm, op. cit., p. 457.

‘ 2483u¢k1ey an¢ Buehler, op. cit., p. 45.

2494301f Schmidt and Alexander Leonhard, “The Lead and Zinc reiious
of Southwest Missouri’, Mo. Geol. Survey Rept., for 1874, p. 390, 1874,

250gpgers, op. cit. . 498; Austin F. Rogers, "Notes on Some Pseu-
iomorphs, Pe%rificazions aﬁdpAlter;tions", Am. Pbilo. Soc. Proc. 42, p. 19,
910.
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The writer observed pyromorphite cn calcite,

Cypsum

Various occurrences of gypsum have been observed by the writer
in specimens in the Missouri School of Mines museum and in specimens
from the personal ccllection c¢f Dr. 0. k. Grawe: i) eertny gypsuma
on chert and sphalerite; 2Z) very small, acicular crystals of gypsum on
jespercid; 3) selenite crystals, up to onéiguaxter inch long, deposited
upon merceasite end pyrite wﬁich, in turn, hadvcrystallized on galena
end sphalerite; 4) gypsum crystals on calcite; end 5) gypsum cerussite

which occurred on calcite,

Greenockite
Greenockite occurs as thin coatings on sphelerite, and on hemi-

morphite,

Aurichalcite

Aurichalcite at the Big Coon mine, Galens, Kansas, associated
with cerussite, linerite, caledonite, malachite, chalcopyrite and

sphalerite wes observed by Rogers25l but the paragenetic reletionships

to these minerels were not given. Keller252 has reported aurichalcite

on and mixed with heﬁimofphite from the Shinn mine, Stark City, Missourif

¥elanterite

. ’ . £
Melanterite, deposited on the mine walls, was noted by Veidmen?>

in the Picher field.

' 251215tin F. Rogers, pt. III in Erasmus Haworth “Specizl Report
on Lead and Ziuc", Kéggas éegl. Survey Rept., vol. VIIL, p. 494, 1904.

252W. D. Keller, "Auxichalcite in Missouri', Am. Mineralogist,
‘vol. 25, p. 494, 1904, .

253yeidman, op. cit., p. 57.
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ftarkeyite

The present writer observed that etarkeyite developed as en
efflorescence on specimens of dolomitic Jasperoid after they had been

removed fxrom the Blue Goose No. 1 mine.

Copiapite
Incrustations of copiapite on pyrite and melanterite were
observed by RogersZ34 on the walls of a “cave in" at the Pilgrim

mine ét Cave Spriﬁgs.

Cuprite

Cﬁprite altering to walachite was noted by Rogers255 at the
Big Coon mine, Galeﬁé, Kansas,
Malechite

Malachite as an alteration product of cuprite end as a thin
coaiing on chelcopyrite and sphalerite was noted By Rogers?36 in
Sﬁﬂciﬁens from the Big Coon mine, Galena;:KAnsas; Malachite deposited
on heuimorﬁhite at ﬁhe Shion mine, Sterk City, Missouri, was reported
by Keller257 The present writer observed a thin dfusy cba;ing of
malachite on chalcépyrite end on a skin of covellite covering sphaler-

itein the Lewyers-Chicago No. 2 mine,

254Rogers, op. cit., p. 502.

2551p1d,, p. 465, |
2561b1d., p. 466 and p. 493.

257Keller, loc. cit.



Hydrozincite

Schmidt and Leonhard258 found hydrozincite on smithsonite
which, in turn, was deposited on hemimorphite. That the mimerel is
forming at the pfesent-time is ehown by'the fact that it clouds

vater {ssuing from Buttermilk Spring, near Joplin.25S

Goslerite
Goslarite was noticed by the writer deposited on the walls

of the Big Elk, Southern and many othefimines,

Limonité
‘The writer has observed limonite pseudomorphic after both
pyrite and marcasite. Some of the limonite was on pyrite which has

been deposited on calcite.

Jarosite
The writer found jarobite on jaéperoid and duar:z druse from

the West Side mine, mear Picher, Oklshoma.

Plumﬁqj#rosite

Plﬁmbojafoslté on galené‘from the Barr mine, New Picher, Oklehoma,
was reported by Ransome,260

Hemetite

Hematite &s an alteration product of pyrite and marcasite was

256gchmidt and Leonherd, op. cit., p. 394.
259p1iver R. Grawe, Oral Communication, 1560.

260A1fred L. Raneome, "Enexgite end Plumbojarosite at Picher,
Oklahoma", Am. Mineralogist, vol. 20, p. 803, 1933,
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noted.in a tellcew clay et Granby, Missouri, by Buckley and Bushler,<61

Pyrolugite

Pyrolusite ae bleck spots in & tallow cley at Granby, Missouri,

wac reported by Buckley and Buchler,262

Chalcanthite

Chelcanthite, ar an elteration product of chalcopyrite, WES
obeerved by Rogers?83 in specimens collected from = mine dump st the

Ireve mine, Expire City, Kansae,

Azurite
Rogers264 ncticed ezurite In a single specimen, but he seid

nothing cf its paregenetic relations with associzted minerals.

Allophene

Rogers265 reported allophane associated with epholerite, chert
and a soft clay-like materisl at the Big Coon wmine, Gelena, Kansas, but

he d1d not discuss the perzgenetic relationchips of these minersls,

261Buckley and Buehier, op. cit., p. 46.

——

2621514,
263“'035;1'3, op. cit.‘, P 502,
26411ig, p. 495,

2657h14, p. 497,
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Chrvsocoila

Chrysocolla was reported by Rogers266 as being essocizsted with

other copper minerals at the Big Cocn mine, Galenaz, Kensas.

Céledbnite

Calecdorite was identified by.Roger8257 as & crystalline coating
assoclated with linarite, surichalcite, and ceruseite at the Big Coon
mine, Galena, Kansag, but did not report on its paragenetic relétion-

ehiis to these minerals,

Linarite

A lead, copper sulfate mineral waz believed by Roger9263 to
be linérite, associated with ceruscite, caledonite, malachite and
aufichalcite at the Big Coon mine, Galena, Kansas, Its paragenetic

relationship to the minerals was not mentioned.

Millerite
Smith end Siebenthal269 reported the occurrence of millerite
in the Tri-State district, but they did not discuss its paragenetic

relationship to other minerals.

2663bid.

2671bid, p. 500.

2683p1d.

269y, S. Tangier Smith and C. E. Smith, Description of the
Joplin District in Geologic Atlas of the United States, U. S. Gecl.
furvey folio 148, p. 12, 1507.
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Picropharmacolite

Picropharmacolite on dolomite at Joplin was reported by Genth,270

Wavellite
Wavellite deposited on chert was reported by Wheeler27l to have

been observed bkaroadhead in Jesper County, Missouri.

Vivianite
Wheeler,272 also reported that Dr. Gustavus Hambach had seen
vivienite at Joplin. Its paragenetic relationship to other minerals

is unknownm.

Mimetite
Mimetite on galena was reported’ by Wheeler273 to heve been

observed by J‘enny near Seneca, Missouri,

Aluminite

Aluminite on linestone at Joplin was reported by Wheeler,274

270F, A. Genth, “Contributione to Mineralegy", Am. Jour. Sci.,
3d series, vol. 40, p. 204, 1890.

2714, A. Wheeler, “Hecent Additions to the Mineralogy of Missouri",
Trans., St. louis Acad, Sci., vol. 7, p. 129, 1895,

2721bid., p. 128.
2731bid., p. 127.

27431b1d., p. 129.
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Kaolinite
Terr and Keller2’5 noted kaolinite cdeposited on calcite,
sphalerite, galena and quartz at Oronogo, Miescuri., They also noticed

some replacement of calcite by kaclinite.

Epromite
Smith and Siebenthel??6 reported epsomite zs a weathering pro-

duct, but they did not discuss its associztion with other minerals.

2757, A. Tarr and W. D. Keller, "Some Occurrences of Kaolinite
Pepcsited from Solution', Am. Mineralogist, vol. 22, p. 933, 1937,

270gmith and Siebenthal, loc. cit.
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VARIATIONS IN PARAGENESIS, MINERAL ABUNDANCE AND BRECCIATION

As a result of a paragenetic study of the mimerals in relation
to their areal, stratigraphic and structural dietxibution,certain
conclusions seem valid.

The cheracter of breccistion is not everywhere the same.

Some beds tend to form a mosaic breccia, in which the chert fragments
appear capable cf fitting back together. This type of brecciation is
most characteristic of G-H beds. While mosaic type breccias may be
observed in other beds, these more commonly are characterize& by
eporadic breccies in which the phenoclasts have no relatiomship to
one another, M bed characteriatically.exhibita this type of Sre-
eciation. K bed shows both types of brecciation. The gheet ground
beds O, P and Q generally are less breccisted then the others, but
exhibit sbundant nearly horirontsl fracturing.

Brecciation had uwot teken place all at one time, but recurred
several times. The main period of brecciation tock place efter
lithification of the limestone and chert, and preceded the {ntro-
duction of the jasperoid and gray dolomite. Brecciation recurred
after some of the jasperoid and gray dolomite hed beem introduced.
Breccia fragments cf jesperoid amd grey dolomite exe cexented by
thege same minersls. Brecciation followed the formation of pink
dalomite; for pink dolomite foxrms phemoclasts in the Grace B mine.
Host recently fracturing accompanied by brecciation hes produced
frag@ents of all the sbove minerals ané these fragments now are

cenented locally by calcite.
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Although & generzl peragenetic sequence is present throughout
the district, this study has shown much more variation from the genersl
sequence than was previously thought, Chalcopyrite and pyrite were de-
posited st eight different intervals, sphalerite &nd marcasite at least
six, galena and quertz at least during five.

In the Picher field galena nearly always fcllows the mein
deposition of sphalerite. But at Joplin, Webb City, Granby and
poscibly other fields to the east of the Picher field galena commonly
precedes the main deposition of sphzlerite.

Late pyrite, that which crystallizéd after the main periods of
deposition of pink dolomite, sphalerite, galena and chalcopyrite,
appéars to have been more abundant at Joplin than in the Picher field,
The paragenetic reletionship between this late PYrité and lete
warcasite is quite variable, The two minerals cften ere intergrown.

In some places pyrite crystals are deposited on marcasite in other
places marcasite is deposited on pyrite. The pyrite-marcasite
paragenetic reletionships were recorded for each specimen collected
from the various beds and mines of the Picher field, but no suggestion
of horizontal or vertical zoning of these minerals wes found. Ex-
tension of the study over the reet of the Tri-State district yielced
ceimilar results.

The habits of smzll late euhedral pyrite crystals were noted.
Cubes, cubes modified by the pyritohedren end pyritohedrons were observed,
but ne relation seems to exist between the habit of pyrite and its areel
or stretigraphic distribution in the Picher field. A4n attempt to

extend the study of the habit of pyrite throughout the Tri-State



182,

district was impossible because the exact areal and stratigraphic
position of the availsable specimens were upknown,

Enargite is known from st leset eleven wines in the Picher
field, 1Its occurrence appears ﬁo be confined to K and M beds., The
minersl eppears to be most ebundant in the morth-centrsl portion of
the Picher field end it was not §bserved in speétmens ffom the other
fields in the Tri-State district.

Dolomite ;s rather abundant in the Picher field, at Gremnby and
to the uest‘of Joplin, but only a iittlg dolomite was found in many
wines east of Joplin such as those at Webb City and at Oronogo.27?
In some places, such as‘near Ea#ter Springs, délomite is wmainly fine-
grained and bedded, |

The quartz which was depbsited ﬁs a coarse d:use on sulfides is
wost ebundant in the sheet ground beds to the northeast éf‘the Picher
field toward Baxter Springs.

Glauconité is most ebundant in J bed. A little glauconite occurs
in K end M beds in some places. The minerél rarely occure iﬁ other beds,

Barite wae very abuﬁdant at Thom's Stétion, and rather sbundant
at Webb Cit&;‘ Minor aﬁounts have been observed at Joplin, Duenweg,
Carterville, and Stark City. A little barite has been observed in some

mines in. the eastern part of the Picher field.

277¢rnest J. Palmer, Oral Commurnication, 1958.
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Etalactitic zinc and lead sulfides have been observed at only
& few places, namely at the Zig Zag, Oswego, Firecracker and Combination
mines near'Joplin, and at Oronogé.

Some of the secondary copper winerals, suchk as, chalcanthite,
arurite, chrysocclla, caledonite and liparite have been observed only

by Rogers at the Big Coon mine, Galena, Ksusas.
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REPETITIVE MIKRERALIZATION

A most significant result from this.pcragenetic study is the
discovery of repetitive sequences of_depositidn of the sulfides., At
leacst seven seqﬁences cer be distinguished., Each sequence ie charsacter-
ized by its own paragenesis, by its gssociated gangue wminerals, by the
presence or sbsence of certain minerals, end by ite associated tectonic
activity,

I, Mississippian Sedimentation

The earliest périod of mineral deposition was that of Missie-
sippian sedﬁmeﬁtation; Syngenetic pyrité.cnd poésibly small amounts
of other sulfides were deposited at this time aiong ﬁiﬁh-limestone,
¢ﬁert; fine—graiﬁed bedded gray dolomite'énd gléuconite. Dilagenesis
Probably played an important pért in the form;tion of some of these
minerals. | | | |

1I. Pennsylvanian Sedimentation

Pennsylvahian.éédimeﬁcation foliowed the Missfssippisan.
Syngenetic pyrite, marcasite, sphalcrité and galena formed as dis-
seminated erystals and masses at this time‘in shale, sandstone and

limestone,

I1I. Disseminéted Ep;genetic Meteoric-xineralization

| Foilowing a period of major fracturing and brecciation of
limectone and chert, major amouﬁts of sulfides were deposited,
‘Afhese sulfides show the foilowing paragenetic se@ueuce: pyrite,

mercasite, pyrite, sphalerite, galena, and chalcopyrite. S8phalerite
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and galena exhibit cénsidérable overlep in peragenetic position,

These disseminated eulfides were accompanied by the major introduction
of jasperoid mush or gel and by the crystallization of most of the
coarse~grained gray dolomite.

-

IV, Keln Fracture-Filiinmp and Vuge-bFiliing Epigenctic Meteoric

Minerzlization

Following a later period of fracturing and solution which
affected the previously formed jaepercid and gray dolomite as well as
the limestone and chert, sulfides were deposited in fractures and vugs.
These sulfides were deposited in the following generzl sequence:
sphalerlite, galena, chalcopyrite, marcasite, pyrite, and minoxr emnargite.
This sequence 1s chsracterized by overlap of adjacent minerals end by
meny local vafiations. The sulfides were preceded by the deposition

- of pink dolomite and the sequence is charactericed by the deposition of
cnly minor emounts of quartz end later pink dolomite.

V. Solution and Redeposition oxr Mincr Sulfide Deposition

Foliowing the deposition of lete larger quartz crystzls minor
emounts of sulfides were deposited. These sulfides were deposited in
the following parasgenetic sequence: sphalerite, chaicopyrite, mercasite

and pyrite. Most of the enargite wes deposited during this period.

VI. Further Solution and Redeposition or Minor Sulfide Deposition
Acconpenying and foilowing the deposition of calcite minor

amounts of marcasite and pyrite were deposited. Thece axe followed

by minor amounts of gzlena, ephalerite, chalcopyrite end rere enargite.

Rarely pink dolomite was deposited at this time. Brecciation, solution
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end calcite deposition along limestone-jasperbid contacts preceded
this sulfide deposition.

Vil. Present-day Solution and Redeposition on Nails

Weter entering the wmines in recent times has deposited sulfides
on naile end other meteallic objects. In those cases moted by the
writer the deposition of ephelerite was followed by that of galena.

The depocition of the sulfides was preceded by that of calcite,
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CHAPTIR V
TRACE ELEMERT INVESTIGATIORS
PREVIOUS INVESTICATIONS

The principél elements in the ores of the Tri-State district
are: aluminum, calcium, carbon, copper, iron, lead, magnesium, oxygen,
silicon, sulfux aud zinc,.but‘the présence of other elements has been
known for more than half a ceatury (éee Teble VII), Cadmium was
chemically detec;ed in sphalerite from the Joplin area in 1874 by
Chauvenet278 Galliﬁm-was chemically detected in sphalerite from Joplin
in 1880 by Cornwall,??? end Urbain 280 in 1909 spectrographically re-
vealed its presence in ephalerite from Webb City. McCutcheon28l in
1515 chemically determined gallium and indium in emelter products
from Tri-State cres. Two years later, Buchenan?82 found germenium in

Joplin ore, and Wering283 found thellium in zinc ore from the Webb

2784dolf Schmidt and Alexender Leonhard, "The Lead end Zinc
Regilons of Southwest Missouri", Y¥o. Geol. Survey Rept. for 1874, p. 392,
1874.

279H. B. Cornwall, “Gallium in American Blendes", im. Chem.
Jour.’ VO}.. 2, pp. 44"'45, 1880.

280G, Urbain, “iralyzes Spectrogrephique des Blended), Compnt.
Rend., vol. 149, p. 602-603, 1502,

28ly, F, Hillebrend end J. A. Scherrer, “Recovery cof Geliium £rom
Spelter in the Uafted States', Jour. Ind. Chem., vol. 8, p. 225, 1516.

232G, H, Buchanan, '"The Occurrence of Germanium in Missouri and
Wisconsin Blendes", Ind, Epg. Chem., vol. 9, pp. 661-663, 1917.

283y, Ceorge Waring, "The Zirc Ores of the Joplin District. Their
Composition, Character, and Variation', Am. Inst. Hin. Met. Eng. Trems.,
vol. 57, pp. 657-670, 1917.




TABLE V11

TRACE ELIMENTS FOUI} IR TRI-STATE MINERALS

Author Date | Material Elements
Scimidt and 1874 | Sphalerite Cd
Leonard
Cornwall 1830 | Sphalerite Ga
Urbain 1909 | Sphalerite Ga
Hillebrand and | 1916 | Smelter Ga
Scherrer products
Buchanan 1917 | Sphalerite Ce
Haring 1917 | Flue Nust
Papish and 1820 | Sphalerite Ga
Stilson ‘ ‘
Claussen 1934 | Sphalerite | Ag As Ca Co Cu PFe
"1 Galena Ag Ca " Cr Cu Pe
Graton and 1935 | Sphalerite | Ag Bi cd Ctu Fe Ga Ge
Harcourt , ‘
Stoiber 1940 | Sphalerite | cd Co Ga Ge
Frondel, 1942 | Galena - Ag Al Ba Cr Cu Fe
Hevhouse o
and Jarrell
Jakosky, _ 1942 | Rock and Ag Al As Auv Ba Bi Bo €d Co Cr Cu Ga Ge Hg
Dreyer and . Soil
Wilson ' .
Harren and ‘1945 | Sphalerite | Ag of 4 tu Fe Ga Ge
~ Thompson ' : j
Harbsugh 1350 | VYegetation | Ag Co Cu
Fowler 1950 | Seil Co Ga
HMarshall znd 1961 | Galena Ag C
Joonzun ' .
This Study 1962 | Sphalerite | Ag A} Ca Cd Cr Cu Pe Ga Ge
Galena Ap Al Ca Cr Cu Fa

‘881



TABLE VII {continued)

Anthor

Elements

Schmidt and
Leonhard
Cornwall
Uxbain
Hillebrand and
Scherrer
Buchanan
Waring
Papish and
Stilson
Claussen

Graton ond
Harcourt
Stoiber
Frondel,
Nevhouse
and Jarrell
Jakosky,
Dreyer and
Hilson
Warren and
Thompson
Harbaugh
Fowler
Maxshall and
Joeénsuu
This Study

In
T1

Mg - Pb Pd Sn
It - Mg Ni Pb sb Sn n
In Mn Pb

Mn Ri
In - K Li Mg Mn Mo Na NI Pb - Sb Sa St Ti V W Zn Zx
Pb
Bl Pb Sn Zn

RL Pb Sn

In Mg Mn Pb si T4
Mg - Sb 51 Sn vV  n

* 631
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City-Csrterville fields. 1In 1930, Papish and Stilson284 confirmed
the presence of gallium in sphalerite from Joplin, thb City and
Baxter Springs,

In 1934, Claussen?85 found: Ag, 4s, Cz, Co, Cu, Fe, Mg, Pb,
Pd, and £n in sphalerite; and Ag, Ca, Cr, Cu, Fe, Ir, Mg, Ni, Pb, b,
Bo, end n in galena. In the same year Newhouse286 by chemical and
spcétrographic‘means,.detected thé*preéence offvnnadium‘in‘these
winerals,

In 1935, CGraton and Hercouxrt287 using spectrogrephic meéns
detected:‘ Ag, Bi, Cd, Cu, Fe, Ga, Ge, In,»Mﬁ and Pb in six ephalerite
specimens!from the Tri-State district.

In 1940, Stoiber288 spectrqgtxéhicallynenalyned~seventyffive
sphalerite spécimens,'nine of which w@re-froﬁ the Tri-State district.
He detected Cd, Co, Ga,vce, Mo and Ki in thevTri-Stite apécinens.

He concluded that gallium .and germenfium &re comcentrated in sphalerite

284 33c0b Pepish and Chester B. Stilson, "Gallium IV. Occurrence
of Gellium in Zinc Hinerals", An. Minerslogist, vol. 15, pp. 521-527
1930

285Gerard E. Claussen, "Spectroscopic Anelysis of Certain
Galenaa SPhaIerites, and ?yriteé’ Am. Mineralogist, vol. 19, pp. 221~
224, 1&:4 o

286y, H. Newhouse, “The Source of Vanadium, Molybdenum, Tungsten,
e&nd Chromium in Oxidized Leed Peposits’’, Am. H;neral_gist, vol. 19,
Pp. 209-220, 1934,

237L. C. CGraton end G. A, Barcourt, “Spectrograrhic Evidence on
Origin of Ores of Miseissippi Valley Type", Econ. Geology, vol. 30,
p' 803’ 1935. . .

288gjchard E. Stoiber, “Minor Llements in Sphalerite”, Eccn.
Geology, vol. 35, pp. 501-519, 1940.
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of low temperature deposits, and that indium and cadmium are con-
centrated in {ntermediete and high temperature deposits.

In 1942, Frondel, Newhouse, and Jarre11289 using spectrographic
means detected Ag, Al, Ba, Cr, Cu, fe, Mg, and $i; and they believed
that silver and silicon were felatively coucentrated in the octahedral
face~loci of galena crystale from Joplin and other districts. They
also believed that Al B#, Ca, Cr, Cu, Fe, Mg aud Sr exhibited
significant quantitative variations within the galena crystals, but
they believed that these variations were unrelated to faces of the
galena crystals.

In 1942, Jakosky, Dreyer and Wileon290 spectrographicelly
analyred soil and bulk rock samples from the Tri-State district to
d&termine the relationship between trace element distribution and the
locetion of ore deposits. They found mo correlation between the two.

In 1945, Werren and Thompson2®l spectrogrephicelly amalyzed
154 sphalerite semples, two of which were from Joplin. They found
Ag, Cd, Cu, Ga, Ge, Pe, end Pb in the Joplin smmples. One specimen

waés ruby blemnde, which contained more Ga, Ge, and Pb, and less Fe

289C, Fromdel, W. H. Newhouse, and R. F.:Jtrtell, "Special
Distribution of Minor Elements in Single-Crystals", am. Mineralogist,
vol. 27, pp. 726-345, 1942.

2903, J. Jakosky, R. M. Dryer, amnd C. H. Wilson, "Geophysical
Investigations in the Tri-State Zinc and Lead Mining Pietrict", Kansae
Gecl. Survey Bull. 44, 151 pp., 1942.

291y, v, warren end R. M, Thompson, "Sphalerites from Western
Canada", Econ. Geology, vol. 40, pp. 309-335, 1945.
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and 4g then the normal yellow-brown sphalerite. Their results regard-
ing the relative concentrations of minor elements associated with this
type of déposit egreed vwith those of Stoiber.

In 1950, Harbaugh252 spectrographically and chemically snalyzed
vegetation to deﬁermine if the tré&ce element content of twigs, leaves,
grasses and herbaceous plants could be uséd as a prospecting tool in the
Tri-State district. He found only the zinc content to be areally re-
leted to the ore bodies. Ag, Co, Cu, Ni, Pb and Su showed megligible
correlation with the areas of sulfide ore.

In 1950, Fowler293 reported that the use of the elements Co, Ga,
i, Pb and Sa gave the wost relizble results inm the search for ore
bodies. A4s a éonsequenéé of these studies one swall ore body.was
dieccﬁéted.

In 1961, Marshéll and Joens§u294 speétrogrAphically studied the
relatibnship gétween the concentrations of Ag, Cu and §b and the crystal
habiﬁ of 31 gélena sémﬁlés, 16 of which vere from the ficher field iﬁ
northeastern Oklahoma. ‘0n1§ antimony #&ried wiﬁhlcrystal habit, and

the lowest concentratioms occﬁrred in octshedral cryetals,

2923chn W. Harbaugh; "Biodhemiéal Investigations in the Tri~
State District", Eccn. Geology, vol. 453, pp. 548-5367, 1950,

zgseeorge H; Fowléf; 5Geochemica1 Frospecting in the Missiscippi
Valley (ebetract), Min. Cong. Jour., vol. 36, p. €9, 185G,

294Royal R. Marshzll send Oiva Joersuu, “Crystel Habit and Trace
Element Content of Some Galenas", Econ. Geology, vol. 56, pp. 7358-771,
1961,
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ZONIKG

Horizontgl and vertical zoning of oxre deposits is a well
establiched fact in districts such as Butté, Montena, and Cornwall,
Englend, More recently this fact hae been rtpqtted from many other
districts, as exemplified by the vork of Riley,295 Graf and Kerr,296
and Austin}297‘ Ih‘mostlof this ﬁbtk‘the distribution of trace elements
hes been based u@on the analysis of rock and ore samples. But recently,
Bti&buryzga‘iﬁvéstigAted thé variations of trace element, conteat in
eingle minerals, partichlarly inwsphhlerite, galena and pfrite over
tke Wisconsinrlliinoié ginc-lead district. He found'litﬁle to.indicate
:hé éxiéteﬁgefof zoﬁing in that district.

In the Tfi-étate district various tyﬁée‘of goning have been

295y, B. Riley, "Ore Body Zoning Econ. Geology, vol. 31, pp.
170-184, 1936. '

296ponald L. Graf end Paul ¥. Kerr, “Trace Element Studies,
Santa Rita, New Mexico', Geol. Soc. émerica Bull., vol. 61, pp. 1023-
1052, 1950, —— === s

297¢car1l ¥. Austin, “Geochemical Exploration , unmput, Doctoral
Thesis Univ. of Utsh, 90 pp., 1959,

298 zanes C. Bradbﬁry, "Miperelogy and the Question of Zoning,
Northwest Iilinols Zimc-Lead District" (ebstract), Mining Eng., vol,.
11, vo, 12, p. 1231, 1959,
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suggested, Some investigators, for imnstance, Buckley and Buebler,299
Siebenthal,300 Fouler and Lyden,30l end ¥Weidman302 heve noted that,
in generzal, galena was more ebundent in thevupper beds and that
sphalerite was more abundant inbthe lower bedes. This relatiomship,
however, is only a broad géneralization, and it should be kept in
mind theat many‘exceptions occur, For inetance, cre runs in the
Reeds Spring, cne of the lower ore~bearing beds, contain relatively
sbundant galena., The cause of this type of zoning lies partly in the
fact ﬁhat galéna is more resistant to weathering than sphalerite &nd
hence it is reletively concentrated in the surface residuum, There-
fore the uppex‘workings of some of tﬁé earller mines to the east of

the Picher field contained more leed near the "grass roots".

299g, R, Buckley and H. 4. Buehler, 'The Geology of the Grenby
Ared’’, HMo. Geol. Survey Rept., vol. IV, 2d series, p. 85, 1905.

360¢, E. Siebenthal, "Origin of the Zinc and Lead Deposits of
the Joplin kKeglon - Missouri, Kensee, aend Cklahome”, U. S. Gecl. Survey
Bull. 606, p. 222, 1915.

. 30lgeorge M. Fowler and Joseph P. Lyden, "The Ore Deposits of
the Tri-Stete District", 4m. Inst. Min. Met. Eng. Irems., vol. 102,
p. 235, 1932.

3025 gmuel Weidman, "'The Miemi-Picher Zinc-Lead District, Okls-
homa", Okla. Gecl, Survey Bull. 56, p. 71, 1832,




Horizon;al zoning of the ores has been suggected frequently by
some geologicte and mining engineers, who have pointed out that higher
lead-zinc retios occur at the margins of the rung than in the center
of the ore deposit. The writer has ‘seen this relationship i{n eome K bed
oxe runs. Although this may be true for some runs, the reverse relation-
ehip has also been noted in some runs in K bed. In wmost runs in the
varicus beds, no appavent unifomm horizontal distribution of éalena
~end ephalerite exicts.

The greater ebundance of galena in the upper portions of single
xuns in the district also has been suggested. At best this relationship
can be considered only a vexry gemeral one. The writer has noted that
the galena-rich portions are frequently found in the upper portions of
a working face, but thin galena-rich seams generally may be found
throughout the vertical renge of en ore run.

A fourth type of zoniﬁg in the district is ome which occurs on
& small scale. It was described first by giebenthal.’03 The writer
noted the relaticnship especially in the sheet ground, but elso in
some K bed runs, Within a vertical distence of about six inches, as
shown in Figure 73, the rock changes gradﬁally fxom jaéperoid containing
little or no sphelerite at the base, to jasperoid containing abundaﬁt
sphalerite, tﬁen to sphaiefite, end finally to sphalerite and galena
et the top. Whexe open gpace is preseﬁt abovg ihe_sequence, galena

crystals cccesionally occur on the surface of the operning.

303stebenthal, op. cit., pp. 235-236.
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Figure 73, Mineralired "sheet ground”. Sphalerite (gray
specks and areas) content of the jasperoid (black) increazces upward,
Tep portion of the gpecimen consists entirely of sphalerite. Lower
porticn of the specimen is chert (white). O bed, Elue Goose No. 1
nine,
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Weidman304 reported a fifth type of =oning, the presence of
higher lead-zinc ratios associsted vith the Miemi trough. This
conclusion was based hpon thé relative §bund¢nce of lead and zinc
concentrates from 34 wines in the Picher fieid. Buch an anslysis
is 1mpréct1¢a1 today bécausé of the common ptaétice of mixing ores
fromléarious mines. Weidmen made his etudy when it was common practice
to "hit the lead runs” when lead'pricés were up or when times wére
hard. Therefore Weidman's conclusions should be'infetpteted with
caution.

Weidman,305 Fowler306 and Lyden307 emphasived that the ere runs
are'aaso;iéted with areas of struétutal deformation in whkich greater
.dutntities'of'silicé occurs then in the surrounding undeformed ereas.
4 eimilar type of szing over gresater distances has been suggested

by Giles,308 vho, after a measurement of 88 stratigraphic sectious,

'3°4Weidman,‘gg.'cit.. p. 76.
3054eidman, op. cit., p. 87.

306george M. Fowler, “Structural Control of COre Deposits in the

Tri-State Zinc and Lead Dietrict', Eng. Miping Jour., vol. 133, no. 9,
pp. 46-51, 1938, ' :

307 Joseph P. Lyden, “aspects of Structure and Mineralization
Used as Guides in the Development of the Picher Field", Am. Imst.
Min. Met. Eug. Trams., vol. 187, pp. 1251-1259, 1930,

308 1pert W. Giles, “Boone Chert", Gecl. Soc. America Bull.,
vol, 46, pp. 1632-1834, 1935. :
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coneluded that the amount of chert in the Boone formation decressed
eactward into Arkansas from the Tri-State district, and that it alsgo
decreased upward in the Boone formﬁfien.

Zoning of a sort, was sought 1n the district by Stciber,309
vho attempted to determine the directions of flow of the mineralizing
solutions by a study of ssymmetrical crystal growths and errangements
in vugs, ¥For 159 localities, he recorded'prefexred growth on the
stoss sides of crystals; evergrowths of later crystals on the stoss
sides_bf earlier enes, end irregular distfibuﬁions of crystals within
the vugs. The determinations showed much'ﬁaria;iog, but bhe believed
that, in general, the eolutione had originated from the Kiami trough
and flowed to the north’an&vtovthe south from that structﬁre. The
vertical component of flow.usually was determieed to Ee doenward,
which he interpreted to be due to gravity settling f£rom the solution
£11ling the wugs. |

The most recent stﬁdy of zoﬁing 15 the‘Tri~Stete district 1is
that of'Lyde§,310 who used roning as a guide to mining in the Picher

field., The close sssociation of the gray dolomite to the orevbodies

309Richard E. Stoiber, "Movement of Mineralizing Sclutioms in
the Picher Field, 0“1ahoma—Kansa~", Econ. Geclogy, vol. 41, p. 8UC-
. 812, 1946,

310, g5en, op. cit., p. 1256.
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cf some mines»was nocted by Smith and Siebenthal3ll and wapped by
McKnight and others.312 More recently Lyden pointed out that the
pillars or one wall of most ore Tuns are ri;h in dolqmite (Figure 22,
page 64); the outer wall of the rums contain principally jasperocid
(Flgure 74); while away from the main ore runs the predominant vock is
limestone, as revealed in pull drifts (Figure 66, page 100; end in
Figure75) and in drill holes. The richest zinc-lead ores occur between
the dolomite and jasperoid areas, McKnight313 observed: (1) that

;he centeré of the dolomite cores commonly contain Cherckee shale
introducgd by cave fillimg, (2) that chalcopyrite &nd enargite are
confined almost emtirely to the zome of overlap of delomite and
jasperoid, (3) that the galena zone overlaps that of sphalerite but
tends to extend farther towerd the unaltered liwestone, end (4) that
a barren boulder zome containing marcasite and abundant calcite occurs

&t the inrer margin of the unaltered limestone.

Sllw; S. Tangier Sﬁith and C, E., Siebenthal, Description of
the Joplin District in Geologic Atlas of the United States, U. S.
Geol. Survey folio 148, p. 13, 1907.

312gdyin T. McKnight, et al., Maps Showing Structurgl Geclogy
end Dolomitized Arees in Part of tte Picher Zinc-Lead Field, V. S.
Geol, Survey Tri-State Zinc-Lezad Investigetions Preliminary Meps i-6,

3i3Edvin T. McKnight, "2ouing of Ore Depecits in the Tri-State
District" (abstvact), Wash. Acad. Sci. Jouxr., vel, 32, p. 282, 13942,
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Figure 74, Jasperoid wall typical of ore “runs' showing
jasperoid (black) end chert (white). M bed, Whitebird mine.

Figure 75, Chert nodules and lenses (white) in limestone
(wediur gray). G-H beds, Piokee mine.
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PURPOSE OF INVESTIGATION

Previous in#estigators found very little correlation between
trace element distribution and the presence of ore. Since their-
analyses were those of soils, vegétatiou and bulk rockbsamples. the
present writer investigated the areal, stratigraéhic, end structural
distribution of certain trace glaments in single winerals: sphealerite

ahd galena.
PROCEDURE

Samples for spectrographic analysec were seleéted under a
Binocular.and & mineralographic microscopé :o'obtaiﬁ waterial free
of contaminant phases. Clean cleavage frugmenis were ground to
minue 1UO mesh with an agate mortar end pestle to provide samples
weighing at leact fifty milligrems. Tﬁe powder was fimely ground

but not screenec.

Galena
| The.specirographié analyses of galena were made by Mebel E.
Phillips of the Missouri Geologicgl survey, nsing a Bagird~Atomic
inc. 3-Meter Grating Spectrograph, which has a concave eagle mounted
grating ruled 15,000 lines per inch. The imstrument has & dispersionm
of 5,5 & per mu, in the first order.

A cup, 4 mm. deep and 1% mm, in diemeter, in the lower positive

.electrdde was filled level with pulverized sample. High purity grade
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electrodes were used which showed no traces cf silver {n "blank"
yuns. The samples were arcéd for one minute in a 10 to 11 ampere current
et 30 to 45 volts acroes 2 2 mm, gap. The slit width wes 25 miecvrons.

The arc spectra were recorded on Eastman Kodek Spectrum
&nalyeis Number Ope plates. 4 Jerrell-Ash Comparator Microphotometer
was used to record spectral line densitles,

In preliminory analyses of galena Ag, Al, Ce, Cr, Cu, Fe, Mg,
&b, Si &nd Zn were detected. Since Ag was found in all samples and
exhibited a tendency to very in concentraiion, and was believed not
tc be present in ccontaminant phases, it was selected for further
study.

A lead line st 3262.353 4 was compared with the silver lime
at 3280,683 A. The densities of these lines and the background
adjacent to each line were determined with & Jarrell-Ash Comparator
Microphotometer. For each analysis the reciprocals were obtained for
the ebove recordings and they were converted to intensity values using
the characteristic or emulsfon curve, which was prepared by the use of
a step sector. The background intemsities were subtracted from the
intensity of the gilver and lead lines and the ratic IAg-Ip,./
Ipb-1pp, was calculated. The amount of silver in per cent was
determined from a previously prepared working curve, which was
obteined by analyzing samples prepared by sdding known amounte of
silver oxide to fixed weights of Tri-State galena kaown to be low in

silver.



The development procedure was held rigidly constant.

The photographic plates were gll developed in Eastman D-19 developer
for a period of four minutea at 700 Fahrenheit under continuous
mechenical agitation in a tray type container. After a thirty
minute rineing in water, they were placed in rgpid liquid fixer for
ten minutes, and then washed in running water for thirty minutes.
The use of an internal standard minim!ees deviations from constant
development procedure,

The effects of reversal or self-absorption are negligibile
when the line used as an internal standerd has en intensity less
than 107 of the intemsity of the strongest line involving the
ground etate of theatom. The intensity of the Pb 3262.353 intermal
standard line used in this investigation was much les;_than the most
sengitive and strongest lead lime, Pb 4057.820. The intensity of
the Pb 4057.820 line is 2000 and the intemsity of the Pb 3262.333

line averages about 20,314

For best results the element to be determined ané the internal

standard should have similar ionizetion potentials, Irace element

314George Russell Harrieon, Massachusetts Institute of
Technalogy Wavelength Tebles, John Wiley and 8Sonc, Inc,., Rew York,
429 pp., 1939,
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silver and the internal standerd lead utiliged in this investigstion
heve ionization potentials which are very similar. The ionizaticn
potential of silver is 7,54 volts end that of lead is 7.38 volts. If
sufficient voltage is used the differences in ionigation potential
become less important.

Each sample was run at least three times to insure reproduci-

bility and minimize possible sources of error.

Sphalerite

The sphalerite samples were spectrographicelly anmalyzed by
the complete volatilization method in contrast to the galena samples
which were analyzed by the use of an intermel standard. Clean
¢cleavage fragments of sphalerite were ground by the writer to minus
100 mesh to provide samples of more than 50 wmilligrams and these
were sent to Mr, J. S. Bryson &t the research depertment of the Bagle-
Picher Company at Joplin, Missouri, who made the spectrographic
avalyses,

FPifty milligrams of the sawple powder was mixed with fifty
milligrems of spectrographically pure graphite powder in a clean
agete mortar., Duplicate samples of forty milligrams each of the
mix were placed into crater type amodes of highést purity grephite.
The cathode, 1.5 inch by 1/8 inch, was highest purity grephite.

The sample was completely voletilized in & 10 ampere d.c. &rc at
300 volts across a 3 millimeter gap. Eastman SA no. 1 film was ex~
poced to 8% of the total light. The spectrum range used was from

2300 A to 4500 A.
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The film wes processed under standariwed conditions, end the
Ge 2651.2 A, Ga 2643,6 A, Cd 3261.1 4 end Pb 2833.1 i lines were
measured photometrically and compared directly with standarired mater-
iale.

Standerds of ten different concentrations were prepared for the
elements Ag, Al, Ca, Cr, Cu, Fe, In, Mg, Mn, S§ and Ti. Belected
lines for these elements were agsigned values from ome through ten.

A value of one was assigned to & line which was barely visible end
a value of ten to a wide and very dense line. A concentration-density
chart was constructed which was based upon known concentrations of
those elements. The selected lines for those elements in the sphaler-
ite samples were assigned values from one to ten and the concentrations
of those elements were read from the chart., The lines selected for
those elements were: Ag 3281.7 A, Al 3082.2 &, Ca 3933.7 &, Cr 4254.3
A, Cu 3247.5 i, ¥e 3020.6 &, In 3256.1 &, Mg 2852.1 &, Mo 2794.8 &,

g1 2881.6 4, snd Ti 3372.8 A.
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MODE OF OCCURRENCE

Trace elements may occur in minerals due to solid solution,
as adsorbed elements, as constituents of separate solid mimeral
phases, and as comnstituents of fluid incluelons. Since care was
taken to select material which exhibit only one phase under the
microscope, the trace elements of interest in this study probably
occur mainly in solid solution.

Although the consideration of ionic radii aﬁd the 15% rule of
Goldschmidt315 have allowed predictions as to the likelihood of
solid solutions of certein trace elgmenté in oxide and eilicate
minerals, the seme has not always held true for the sulfide minerals.
This diecrepancy probably is due largely to the fact that the bonding
in the sulfides, in contrast to thet of the oxides and silicates, is
mostly cf a covalent nature. 10 Goldschmidt3l7 suggested that tetra-
hedrsl covaient tadii‘be used in etudying the mode of occurrence of
guest elements in the sphalerite structure, If the tetrehedral ooval-

ent radii as given by Pauling31® may be used, then it is poesible to

315y, M. Goldechmidt, Geochemistry, Oxford Uuiv. Press, Londonm,
730 pp., 1954,

316Linus Pauling, The Rature of the Chemical Bond, 3¢ Ed.,
Cornell Upiv. Press, Ithica, WM. Y., 1960, p. 442.

317go1dechmidt, op. cit., p. 267.

313Pauling, op. cit., p. 246,
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evaluate the likelihood of the presence of an element as a diadochie
solid solution in the sulfide minerals,

The principal trace elements estudied in this work were: germanium,
gellium, cedmium and indium in sphalerite; and silver in galena., Neo
independent minerals of these elements were observed megascopically
or in polished surfaces of samples submitted for epectrographic enalysis.

Ag, Al, Ca, Cr, Cu, Fe, Mg, Mo, Pb, Si, &nd Ti also were de~
tected in sphalerite, but were not used for zoning studies due to their
presence &s contamiﬁants. In gslenma: Al, Ca, Cr, Cu, Fe, Mg, Sb, 5i,
S$n, V and Zn were detected in preliﬁinary runs, but were either con-
sidered present &s contaminants or present in too few samples to be of

value in a study of zoning.

£ilver

Silver is present in =211 galenas, but in the Tri-Sta;e galenas,
the amount of silver is very emall, weasured in parts per million.
The silver content of galera has been variously ascribed to mechanical
mirtures of silver-bearing minersls, such as, argentite, tetrahedrite,
and metildite (AgBiS2); or to & sclid solution ef silver in geléna,
Becauce galenesrich in gilver ere also often rich in bismuth, matildite
in perticular hes been thought to hold the silver detected in galene.
Since bismuth was not detected in Tri~State galena samples, &nd since
silver-bearing minerals were nét detected ir polished sections of Tri-
State gzlenas, silver does nct occur as'a nechanical mixture of some

silver-beering mineral in galena,



208,

Goldschridt31? believed that silver is captured in galena
between the four nearest sulfur atoms, This is euggested by the
fact that the distance between the center of each tetrahedral inter-
etice end the center of each sulfur atom is 2.57 A, and that the inter-
ionic édistence hetween silver and sulfur, corrected for tetrehedrzl
coordinetion end polarizetion of the ioms, 1is 2.43'ﬁ, which is cliose
to the vzlue 2,57,

Therefore it would seem that silver may occur in galena either
as a diadochic £olid ecluticr with lesd, or as an interstitial eolid
soclution in the tetrahedrel interstices between four adjecent sulfur

atome, or in both positions.

Germanium
Germanium is found in the rere minerals srgyrodite (4Ag2S.GeS2),
germanite (Cui(Fe,Ge)S4) end ultrebesite (28(rb,Fe)S.11(Lg,Cu)=5.3GeS2
§b253), according to Rankama end S&hama.32G Ko germanium-bearing
minerals were noted in polished surfeces of the Tri-Stete sphalerite

examined by the present writer. Warren and Thompson321 stated that

319Goldschmidt, cp. cit., p. 408.

320gelvero Rankama and Th. G. Sahame, Geochexistry, Univ. of
Chicago Press, Chicago, p. 734, 1945,

32lg. V. Warren and R. M. Thompscn, "Sphalerites from Western
Carada", Econ. Geology, vol. 40, p. 322, 1845, -
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germanium may be present in sphalerite either as GeS or as an atomic
dieperaion of Ge. Because the tetrahedral covalent radii of germanium
(1.22) and zinc (1.31) are less than seven per cent of one another, and
because the amount of germanium in Tri-State ephalerite is lees than
0.04 per cent, thus causing little strain in the sphalerite structure,
the writer believes that germenium is present in sphalerite as e dia-

dochic solid solution with zinc.

Cadmium

Cadmium may occur as the independent mineral greenockite (Cds).
Tri-State sphalerite from upper strata may possess a visible coating
of greenockite, but for this investigation clean cleavagé fragments
from the centexr of sphalerite crystels were selected for spectrogruﬁhic
snalysis and greenockite wes not observed megascopicsally or microscopic~
ally in specimens submitted for analysis. Since the difference in sire
of the tetrahedral covalent radii of cadwium (1.48) and zinc (1.31)
is less than 13 per cent of the latter, and the amount of cadmium in
Tri~Stete sphalerite is about one-half of one per ceat, cadmium most

likely'occurs as &n cdisdochic solid solution with ginc in sphalerite.

Gellium
Gallium wes believed to be present in ephalerite as Geais by

Coldschmidt and Peters322 due to their similsr crystal structure and

322y, 1. .Coldschkmidt end Cl. Peters, ''Zur Geochemie des
Galliums", Nachr. Wiss. Gottingen, Math,~Phyeik. Klasse, IIi; Iv, p.
165, 1931,
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face-centered tetregonsl structure type &and because the atomic
dismeter of indium exceeds the allowable 15 per cent. They noted

that InSb has the same crystal structure, but that the atomic dismeter
exceeds 15 per cent. They suggest therefore thet InSh may form only

a very limited sclid ecolution with sphalerite, Erametes328 noted that

In3? ione (0.92 kX) are similar to 7n2f fons (0.83) in size and he

suggested therefore that indium is captured in the sphalerite structure.
1f the tetrshedral covalent radii of indium (1.44) end zinc (1.31)

&xe considered, it is eeen that the difference between the two is

less than ten per cent of the latter end also esince the amount of
indium in Tri-State ephalerite iconly ebout 0.003 per cent, it is
csuggestive that indium may occur in ephalerite as a diadochic eolid

- solution with zinc,

DISCUSSION OF RESULTS

Mineral Anslyses
Prelimipary analyses of gslena detected the elements Ag, Al,
Ca, Cr, Cu, Fe, Mg, Sb, Si and Zn, Of these elements Ag was found
in all semples, exhibited = tendency to vary in concentration, and
wes believed not to be present in contaminant phéses. Therefore Ag

wac selected for further study; these data ere given in Table VIII,

3280lavi Erémetsd, “iber die Verbreitung des Indiums in
fivuischen Minerclen und uber seine Trennung von anderen Metzllexn",
Arnn., Acad. Sci., Fennicae, eer. 4, vol. 51, no. 1, 1938, cited in
Kalervo Rankema and Th. G. Sahama, Geochemistry, Univ. Chicago
Prese, Chicago, p. 725, 1949.




SPECTROGRAPHIC ARALYSES OF GALENA

TABLE VIII

212.

Analysis  Sample Location bed &g (p.p.m.)
Ne., Ro.
1 278 Black Eagle mine K 1.01
2 20 Big John mine K 1.40
3 272 Ter Creek mine E 1.52
4 275 Tar Creek mine E 0.60
5 64 Grece B mine M 1.18
6 Sa Gordon Ko, 3 mine M 0.44
7 308 Royal mine M 0.23
8 11 Kew York mine R 0.75
g 3071  Grace Walker mine K 1.28
10 42 Grace Walker mine R 0.63
11 23 New York mine R 0.51
12 306 Royal mirze M 0.54
13 1 Jey Bird mine 0 0.71
14 315a Blue Goose No. 1 mine G-H 0.89
15 . 315 Blue Goose Yo. 2 mine M 0.67
16 315 Blue Goose Ko. 2 mine N 1.37
‘17 3158 Blue Goose No., 1 mine 0] 0.43
18 10l énna Beaver mine G-R 0.76
19 111 KNew York mine M 0.61
20 154 Kenoyev mine M .57
21 60 St. Joe mine GC~-H .35
22. 170 Ketta mine G-E 0.46
23 51 Netta mine M 1.38°
24 137 Whitebixd mine M 0.5
25 121 Crewfish mine K 0.30
26 13 John Beaver mine 0 0.83
27 102 Netta White mine K 1.38
28 174 Rlue Goose No. 1 mine 0 0.53
28 179 Black Esgle mine G-H 0.50
30 201 Piokee mine G~-H G.52
31 64 Grece B.mine M 0.91
(duplicate of No. 5)
32 111 New York mine R 1,14
(duplicate of No. 8)
33 308 Royal mine (duplicate of No.7) K 0.51
34 154 Kenoyer mine M 0.60
35 154 Kenoyer mine M 1.37
36 60 st., Joe mine ¢-H 0.40
37 60 St., Joe mine G-H .56




TABLE VIII (continued)

Analysis Sample Location Bed Ag (p.p.m.)
Yo, No,
38 60 St. Joe mine G-H 0.28
39 309 Dump southeast of 0.59

Picher field

40 204 Grece B mine M 1.38
41 205 Grace B. mine M 0.55
42 322 sunflower mine M 0.79
43 117 Hunt mine M 1.41
44 45.15 Commonwealth mine G~H .27
45 45,29  lucky Jew mine M 1.32
46 45,82 OQOronogo mine 0.55
47 45,33 Miaxi, Okla, 0.58
48 45,41  Carterville, Mo. 0.638
49 45,108 4Aurora, Mo, 1.20
50 96,24 VYebb City, Mo, 1,33
51 1975 Granby, Mo, 1.00
52 180 Duenweg, Mo, 1.28
53 180 Duenweg, Mo. - 0,97
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The sphalerite sawples were analyzed for Ag, Al, Ca, Cd, Cr,
Cu, Fe, Ga, Ge, In, Mg, Mn, Pb, Si eand Ti. Of these elements Ge,
Ga, CJ and In were not present in contaminant phases. The spectro-
grapliic analyses for these four elements are given in Table IX. The
spectrographic analyses for the remaining elements are given in
Tables XI, XII and XIII iniAppendix Aq

Pink and gray dolomite were separated from five specimens and
compared by qualitative spectrographic snalysis to examine the relation=-
ship between trace element content end color of dolomite, Ko eignifi-
cant differences were detected between the pink end gray dolomite of
each sample, except those differences believed due to contamination,
The spectrographic anzlyses for dolomite are given in Table XIV,

Appendix B,

Ranpe of Trace Element Contert

The range of trace element content it galena and sphalerite

is given in Teble X.

Accuracz

The average difference in determinatious for duplicate eamples
is about 6.2 p.p.m. for éilver in gélena, 2.5 p.p.n., for germanium
in sphalerite, 60 p.p.m. for galliun in sphalerite, 2000 p.pem. for
cedmium in sphalerite, &nd 5 p.p.n. for indium in sphalerite. The
small range of values and the.high analytical error in determinztions
of cadpium and indium mekes the use of theve elements of doubtful

velue in distribution studies.
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EPEOTROGRATRIC ANALYSLS OF SFRALIRITE
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TABLE X

RANGR OF TRACE ELEMENT CONTENT

IN ORE MINERALS FROM THR PICHER FIELD

2 e e e e T

Element Mineral Rangea of Trace Element Contant
Minimum Maximum
Silver Galena 0.2 p.p.m. 1.6 p.p.me
Germanium Sphalerite 25 p.p.;. 380 p.p.m.
Gallium Sphalarite 15 p.p.m. 480 p.p.m.
Cadmium Sphalerits 4000 p.p.m. 7000 p.p.m.

Indium Sphalerite 10 p.p.m, 30 p.p.m.




Arsel Pistribution

The areal variations in the concentretious of silver in gaisus
and Ge, Ge, C<, end In in sphalerite wevre sought by plottimg the
concentrations on overleysof e mineg mep of the Picher flald. Circies
were used for values obtained from galeuz and epbaierite teken from
¥ bad or from lower beds. Eolid dote were used for velues obtaimed
from speciwens from the upper beds, es showe in Figuves 76, 77, 7&,
and 79. This study showed thet the trace eiesents in the galens
ard sphuierite of the Picher field do pot exhibit proucunced aresl
roning. Cedgiux in sphslerite and silver iu gaiena ave siightiy were
sbundunt towsrd the edge of the Picher field. Gerwsmium exd gallium
2re sumewhot more sbundant in sphalerite at the morthwestern edge

»f the Picker fisld, but these trexds m sot mavkad,

Verticel Dierribution
The stratigrephic variations in the concentrations of eilver,

germsnium, galiiuz, cadsius and indiux were studied by pletting these
values icwrdug to stratigrephic soce, a5 shown in Pigures 80, €1, 82,
and 83, B '

.‘m varfatiou in couceatrations of these cluuati withic eacl:
bed is lsrge, end mesrly ss great as that between beds, although
slightly bigher velues were obtained from tho upper beda than frou
those frem t!;e lover beds,

The varistion between duplicate determimations and the wide
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spread of determinations for any given bed preclude any generalization

regarding stratigraphic control of trace elements.

Relationship to Parapenesis

A study of trece element distribution with regard to paragenetic
position of sphalerite was undertaken. The germanium content and gallium
contént of early yellowish~brown sphalerite, later brown sphalerite and
late red sphalerite are shown in Figures B4 and 85. The range 6£ values
’ for,sphalefite of each color is great and no correlation seems to exist

between trace element content and paragenetic position of the sphalerite.
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CHAPTER VI
CONCLUSIONS

Underground observations in 37 mines, binocular examination
of over 2000 hand specimens, petrographic and mineralographic study
of 60 thin sections end 110 polished surfaces and spectrographic
determinations of the trace element content of 53 carefully selected
galena and 44 sphalerite samples have permitted the writer to écquire
& detalled knowledge of the mineralogy of Tri-State ore, to determine
the paragenesis of its minerals, the distribution of its trece elements

end to offer some ideas regarding its genesis.
MINERALOGY

Fifty-one minerals are known to occur in Tri-St#te ores. Three
of these minerals, bornite, jerosite and starkeyite ere listed here
for the firet time., The presence of glauconite, covellite and orgenic
matter about which there had been some doubt in Joplin ores were
confirmed during the course of this study. |

The textural relationships between the various minerals have
been studied in detail and some relationships -are recorded here for
the first time: 1) pyrite spheres coated by radial marcasite and
pyrite, 2) géopetal fabrics of pyrite and sphalerite in banded jasper-
oid, 3) intimate intergrowths of pyrite and marcasite with chalcopyrite,

4) sphalerite veining chalcepyrite, 5) repetitive deposition of sphaler-
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ite in stalactitic warcasite, 6) bornite and covellite veining
chalcopyrite and marcasite, |

Mineral rélationshiﬁs previously believed to be lacking in
Tri-State ores but observed and described by the writer are: 1)
complete coatings of marcasite over galena, 2) chalcopyrite ever
sphalerite, 3) pyrité over chalcepyrité, and 4).ché1copyrite inclusg~-
ions in sphalerite.

Mosaic breccias and intraformational breccies underlain and
overlain in some places by undisturbed horigontal beds are illustrated
and described. Alteration of chert modules and fragments, and two
eges of color banding in some cherts were also illustrated and des-
cribed, BSome chért pebbles in the Carterville conglomerate were
discovered to exhibit breccia fragments cemented by chert, Other
textural relationships between Tri-State minerals as seen under-
ground, in hand epecimens, end under the microscope have been abun-

dantly illustrated.
PARAGENESIS

As a result of this detailed study of interrelationships of
the minerals in Tri-State ore, their gemerzl paragenetic sequence
has been worked out and presented in Figure 72. Local deviations
from thie general sequence have been noted and recurrence of crystel-
lization of many of the minerals was found to be more frequent than
previously believed. Chalcopyrite and pyrite have been found to have

been deposited at 8 different intervals, sphalerite and marcasite at
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least during 6, galena eand quartz at least during 5.

Although esarlier geologisets noted the temdency of galena to
crystallize before sphalerite in the eastern pﬁrt of the Tri-State
district and the reverse to be true in the Picher field, a strong
tendency toward a systematic veriation of paragenetic sequence with
either geographic or stratigraphic position is lacking. The .abundance
of certein minerals, like well;crystalliaed quartz and enargite, and
the paucity of other minerals, like dolomite, in some areas eppear
to be local varients without great genetic significance.

The writer has discovered at least 7 cycles of repetitive
mineraliration in the Tri-State district. Fach is characterized by
its own paregenetic sequence. These cycles are marked by their own
mineral suites and ere separated from one another either by an inter-
vening period of tectonic activity or solution, by & hiatus in
deposition, or simply by the recurrent crystallization of earlier
formed minerals, These seven cycles are:

1. Mississippian Sedimentation.

2. Pennsylvanien Sedimentation.

3. Disseminated epigenetic meteoric mineralization.

4. Main fracture-filling and vug-filling epigenetic

meteovric mineralization. .

5. Sfolution and redeposition or ninor sulfide dcposition.

6. Further solution and redeposition or minor sulfide

deposition.

7. Present-day solution and redeposition of sulfides.

In a& further attempt to discover some varietion in mineralization
in the Tri-State district eitber in regard to space or to time, the

trace element content of the principzl ore minerels, gealena and

sphalerite was studfed. Of the 27 trace elements kmown to be present in
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these minerals, only silver in galena, and cedmium, gallium, germaniun
and indium in sphalerite were found to be persistent enough and in
sufficient quantity téhpermit a stﬁdy of veriance. In galena the
quantity of Ag varies from .2 to 1.6 p.p.m.; in sphalerite Cd varies
from 4000 to 7000 p.p.m., Ga-var;eé from 15 to 480 p.p.m., Ge varies
from 25 to 380 p.p.m., and In varies from 10 to 30 p.p.m, Plots of
the sbundance of these trace elements with respect to eresl, strati-
graphic.and paregenetic positibn failed to revesl any striking trend

in the variation of these constitﬁents.
- THE CHARACTER OF THE ORE-FORMING SOLUTIONS

The mineralogy of the Tri-State district permits certain
inferences to be drawn in regard to the genesis of the ore, The
close association and intergrowth of certain mineral pairs, such as,
calcite and marcasite, pyrite and marcasite, and sphalerite and
wurtzite wonld seem to indicate that the pH of the ore sclutions,
vhile varisble, never was far from 7. The numerous recurrences of
the common minerals {n the paregenetic sequence suggests that the
character of the ore solutions, a&s defined by pH, Eh and concentration,
fluctusted but never was far removed from zn average value. The pres-
ence of organic matter and the presence of the sulfides themselves,
suggest thdat the Eh of the solutions was negative,

The veristion in paragenetic sequence and trace element content
of galena and ephalerite throughout the Tri-State district imdicates

that the nature of the ore-forming solutions varied not only through
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time but also from place to place throughout the district. The lack of
definite zoning indicates that the character of the ore-forming solu-
tione was nearly the same throughout the district.

The pumerous recurrences of the major minerals in the pare-
genetic sequence and the non-uniform variations in the trace elemernt
content of sphalerite and galena would be expected in ores formed from
downward-moving, cold meteoric waters, but would be less likely to re-
sult from an upward-moving, cooling, hydrothermal solution.

The writer ccncludes that the ores were formed from ore-bearing
solutions which were nearly the same throughout the district and not
very different from the ground water of the area as it exists today,
for the period of eulfide deposition still is going on at the present

time,
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TXLE X1

SPECTROCRAPRIC AUALYSES OF SFRALERITR

IR TSR T TR

Fa. Ho, &t Al T4 ¥Hn Cx
182 62 Datta sins M 400 S A5 <0.5 <3
183 16 Locky Biil mine " 400 5 g9 <05 <2
18% 277 Black Fagle micne 4 So0 10 Ap - <98 <3
185 20 Brig .John mine K 32000 106 10 1 13
186 12 Tucky Jew mine n 500 10 <0 <05 <3
137 2 Jey dird mine 0 350 5 <10 <0.3 <3
148 92 Kenoyer mine H 1000 $ Qo <6.5 <3
183 8 Lmryars Chicego Po. 2 mine 3 500 5 Qo <0.5 <3
139 63 Grece B aine ] 380 5 <19 <0.% <3
191 176 P~ Bnh-Wa~Tah aire 0 2000 20 <19 <0.5 <3
192 7o Webber mine n 100 16 <10 <5 <3
123 s Blue Gooas Mo, 1 minas G-8 2000 10 <10 <0.3 <3
194 315 Blue Cocte No. I wine 41 0 26 <0 <03 <3
135 315 Blu2 Goose Fo. 2 mine .| 306 20 <10 <0.3 <3
136 148 Blue Coose Fo. 1 mine Ch. 060 20 <10 <G5 <3
197 367 Grace ¥alker mine K 5060 30 <10 <0.5 <3
198 205 Roynl mina ¥ 30000 109 8o 5 <3
199 27 ¥ew York mine R ooz 10 <10 1 <3
200 269 Tar Creek mins 5 10000 20 <190 <0.5 <3
20 21 Crenfizh mine .4 ML 26 <26 <05 <3
202 137 Phitebird mine 4] 00 10 20 <0.5 <3
203 13 Cardin Towmaite nive 3 5000 10 1¢  <G.5 <3
208 im Ao Beowsy mine (+29:+1 5000 20 <10 1 <3
205 214 Jrrratt mine n apnpe 100 30 <53 <3
265 229 Bart mina H 00 20 <10 0.5
207 8 Cordnom Po. 1 mice M on 5 Qg 5 <3
208 215 Tar Crack mive E 3000 50 A8 <G.5 <3

“he



TABLE XI (continued)

Analysis Sazple Loeatiom Bed B.p.m,

Ro. No, Ss Al T4 Mn cr
209 - 18 Piokee mine c-n 3000 50 <10 1 <3
210 5% $t. Joe mine .4 2000 50 <10 <@.3 <3
211 3 Lawyers Chicago Fo. 2 mine | 1000 10 <10 <@.3 <3
112 159 Ronoyer nine " 500 10 <10 <0,5% <3
213 215 Jarratt nine 1 5000 ¥ <10 1 <3
214 216 Jarrett mine | 00 20 <10 8.5 <3
215 63 Grate B mire H 360 10 <10 0.3 «3
216 174 Bun-Bah-Wa-Tah mine 4] 30000 100 in 0.5 <3
217 173 fum-Nah~-Na-Tah mice 0 10000 40 <10 0.5 <3
215 228 Barr nine 3 oad 20 <10 1 <3

{doplicace of Bo. 205)
219 %1 Lawyers Chicago Fo. 2 oine M 1000 16 (10 0.5 <3

{duplicate of Wo. 211) :
226 280 Black Ragle mine G-n 10000 30 20 0.5 <3
221 13a John Beaver mine 0 30000 40 10 1 <3
222 102 Fettns Vhite cine X 100 10 <18 <0.53 <3
221 243 Crace B nmins M 10000 200 <10 1 <3
2245 170 tletts mine G-8 10000 30 <10 <0.5 <)
225 12 Reaoyer mine M 18000 30 19 <0.5 <3

‘sz
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TABLE XI1

SPRECTROGRAPRHIC ARALYSER OF SPHALIRITE

Analyste _ D.p.m,

No, Ro. Fe Cun b Ag
132 62 Katte mine ;| 200 100 b1 30
183 16 lacky BLll mine H 200 204 20 10
184 an Black Eegle mine M 200 200 20 10
185 20 Big John mine R 200 20 20 10
186 32 Lucky Jew mine " 100 100 29 30
187 2 Jay Rixé mine 4] 500 80 10 10
188 92 Eenoyax mine . § 500 200 10 1
139 81 Lawyers Chicago No. 2 mlne M 500 100 10 80
129 &3 Grace B atne | 00 100 20 2
121 176 Rum~3sh~-Na-Tah mine 0 100 190 400 1
192 o 7 Webber ning " 1600 100 10 1
193 i3 Bluze Goose ¥o, 1 mina G-N 1059 400 i0 2
184 318 Blug Coose No. 2 mine " 1000 400 10 1
195 313 Blon Gooze Ne. 2 nine B 1800 400 20 5
136 148 Blve GCeosa Ro. 1 mine <h. 1000 - 490 10 2
137 307 Grace Walker mine 4 100 106 10 10
158 305 Royal mine u 500 100 100 3
193 27 Bavw Tork mine R 500 106 10 5
200 269 Tar Creek mive z 500 200 1000 2
201 21 Cravfish nine K 500 100 10 2
202 137 thitebhird ning | 1000 160 ¢ f1) 1
203 1% Cardin Townsite mine M 1000 100 <o 1
204 103 Apna Bsaver mine G-H 1600 430 40 2
203 214 Jarrett mine n 1000 80 1o 1
205 236 Bart miae o4 1000 160 <10 1
207 8 Cordom Fo. 3 mine » 1000 80 10 2
2038 276 Tar Creek mine E 1009 400 &0 2

-9’?2



ot W,

TABLE %11 {contioued)

Analysis
Ho. Ho. re
209 180 Pickes uine G-n 1000 400 AD 20
210 59 2e. Joo mine M 100 30 <16 0.5
211 21 Laryers Chicago lo. 2 mine n 1000 200 30 2
212 152 Fenoyaer wnine o 10040 100 20 2
213 215 Joxratt mine H 1co 200 30 S
214 216 Joerrett mins H 1060 209 20 S
213 62 Grece A ming 41 1090 200 20 5
216 174 Pum-Noh-Wa-Tak mine Q 1060 200 200 1
217 175 Fum-Rah-Ya~Tah mine 0 740 100 10 1
218 298 Bare miva " 700 200 10 1
{dvplicate of Ro. 206)
215 %1 Lavyers Chicago Ro, 2 mine M 700 200 30 6.3
(dupliente of Mo, 211)
220 280 Black Bepls wine G-R 700 00 20 }
221 1la John Besver mine 3] 1060 100 260 0.5
222 162 Retta ¥hite miae K 1060 460 10 2.5
223 243 Grace B wmine H 3000 100 1¢ 1
224 170 retta mine C¢-H 1000 400 400 10
223 Il  Eercyer mine n 1000 100 A0 0.5

wZ



TABLE XIIL

SPECTROGRAPHIC ANALYSES OF SPHALERITE

Analysis Sample Location Bed DDy
Ro. Ho. Ca Mg
182 62 Netta mine M 100 40
183 16 Lucky Bill mine M 100 40
184 277 Black Eagle mine K 160 40
185 20 ~ Big John mine K 300 200
186 32 Lucky Jew mine M 100 30
187 2 Jay Bird mine 0 100 10
188 92 Kenoyer mine M 100 20
189 81 Levyera Chicago No., 2 mine M 100 50
120 63 Crace B mine M 100 30
191 176 Hum-Bah-Wa=Tah mine 0 100 30
192 70 Webber mine ' M 200 10
193 315 Blua Coose No, 1 mine G~ 200 10
194 315 Blue Coose No. 2 mine M 200 10
195 315 Blue Coose No. 2 mine N 200 30
196 148 Blue Coose No. 1 mine Ch, 1000 30
197 307. Grace Walker mine K 300 50
198 305 Royal mine M 30000 100
199 27 New York mine R ~ 1000 100
200 269 Tar Creek mine B 400 30
201 121 Crawfish mine K 300 40
202 137 Whitebird mine M 100 20
203 13b Cardin Townsite mine M 300 70
204 - 10g Anna Béaver mine G-H 5000 200
205 214 Jarrett mine M 600 70
206 298 Barr mine M 600 70
207 8 Gordon Ko, 3 mine M 50000 700
203 276 Tar Creek mine E 400 40

*8ve



TABLE XIII (continued)

S— o : : N _— . o
Analysis Sample Location Bed DePoM.
Ro. No. Ca Mg
209 - 18, - Piokee mine G- 400 4D
210 59 St. Joe mine M 1000 40
211 91 Lowyers Chicago No. 2 mine M 400 70
212 159 Kenoyer mine M 600 70
213 215 - Jarrett mine M 400 20
214 216 Jarrett mine- M 300 20
215 , 63 Grace B. mine. M ‘260 T
216 174 Hum~Bah-a=Tah mine 0 600 40
217 175 Hmn-Bah-Wa-Tah mine 0 aco 10
218 298 Barr mine © - M 10000 100

: (duplicate of No. 206) : ‘ ‘
219 91 Lawyers Chicago No. 2 mine M 100 70

- (duplicate of No. 211) : ' ’

220 280 Black Bagle mine - G-H 1000 30
221 "13a John Beaver mine ¢ 400 30
222 1032 Hetta White mine K 200 5
223 243 Grace B mine - M 10000 200
224 170 Netta mine G-H 400 10
M 600 50

225 112 Kenoyer mine

Teve
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TABLE X1V

SPECTROGRAPHIC ANALYSES OF GRAY AND PINK DOLOMITE

pres, - prasent

f. tr, - faint trace

low = minor constituent b.v. - barely visible
tr. =~ trace n.d, - not detected
k. ___Pm e e o
Ele~ | Gray Pink Gray Pink Gray Pink Cray Pink Gray Pink Dolo- . %
ment | Dolo, Dolo. Delo. Dolo. | Dolo. Nolo. Doleo. holo. Dolo., Dolo. mite Oxide
Big John Whitehird Grace Walker U. 5. Bur.

mine Grace B mine mina Royal mine mine Std, No. B8
Si pres, [ ¢tr, pres, tr, pres, tr, pres. low pres, | tr. low 0.31
Al low b.v. low hive | low b.v. low tr. low b.v. tr, 0.67
Fe low low low 1ow " low low low low low low tr, 0.084
Ti b.v. n.d. tT. n.d. n.d. n.d. n.d. n.d., | n.d, n.d, n.d, 0,005
M¥n low low low low low low low low low low tr. 0.006
Ra b.v. b.v. tr. b.v. b.v. b.v.: f.tr. h.d, b.v. n.d. b.v. 0,08
.4 nod. n.d'. bng “.d. n.d. nud. n-do n.d. nodo n-do n.d. 0-03
Cu b.v. f.er. f.tr, f.tr. b.v. b.v. tr. tr. b.v. b.v. tr. '
n n.d. n.d, n.d, n.d. b.v. b.v. n.d. n.d, b.v, n.d. n.d,
Pb b.v. f.tr.| b.v. f.tr. | b.v, b.v. b.v. f.tx. | f.tr. | b.v. tr,
v b.v. b.v. f.tr, n.d, b.v. b.v. bh.v. b.v. an.d. n.d. n.d,
Ag n.d. n.d. b.v. n.d. n.d, n.d. a.d, n.d, n.d. n.d. b.v.
Ni n.d. n.d. b.ve n.d. - n.d. n.d¢ u.d. n.d, n.d. n.d, n.d,.

Elements not detected in any of the five somplea

were:

As, Ba, B4, Co, Cr, Ge, Sb, Sn, 5r, Ta, W, 2r.
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