MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Masters Theses Student Theses and Dissertations
1959

A study of the genesis of the Krueger zinc deposit and the near-by
barite deposits of the Potosi quadrangle, Washington County,
Missouri

Attilio Ligasacchi

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses

b Part of the Geology Commons
Department:

Recommended Citation

Ligasacchi, Attilio, "A study of the genesis of the Krueger zinc deposit and the near-by barite deposits of
the Potosi quadrangle, Washington County, Missouri" (1959). Masters Theses. 5541.
https://scholarsmine.mst.edu/masters_theses/5541

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/masters_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/masters_theses?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F5541&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/156?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F5541&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/masters_theses/5541?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F5541&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

71y
o} :

A STUDY OF THE GENESIS OF THE KRUEGER ZINC DEPOSIT AND
THE NEAR-BY BARITE DEPOSITS OF THE POTOSI QUADRANGLE

WASHINGTON COUNTY, MISSOURI

BY

ATTILIO LIGASACCHI

THESIS
submlitted to the faculty of the
SCHOCL OF MINES AND METALLURGY CF THE UNIVERSITY OF MISSOURI
- in partial fulfillment of the work requlred for the
Degree of
MASTER OF SCIENCE, GEOLOGY MAJOR
Rolla, Missouri
1959

Approved by

//@Q’NAJM? . (advisor) ‘/ % . ()m@-oa/

,V/gz, {///ﬂzﬁﬂ/&u /g ' //é"ﬂégbvv -
A A

‘ LIS RY
76 373

Missouri &2~
< onoha, M.Ssadn

Iasllirgy




TAELE OF CCHTENTS

XLIST OF FIGU:’R:’ES. e e [ ] [ ] ® o . o . e o
LIST OF TABLES LY e e [ ] [ ) [ . ® ° [ 3 o e
ABSTRACT 0~ 0 [ ] e ?Q ® 3 . L3 [ . . 3 [ LY

,GENEBAL'INTRODUCIION

I.

1iI.

III.

Iv.

ACKNCWLEDGEMENT

L]

L ]

GEZOGRAPHICAL AND GECLCGICAL INTROCILUCTICN.
Physical geography of the Potosl quadrangle
Stratigraphy of the Potosl quadrangle . « &
structural geology of the Potosi quadrangle

GENERAL DESCRIPTICK CF TZE DEPCOSITS .

Residual barite R
Dedrock barit€e « o o o o o o o
PREVICUS INTRPRETATICIISe ¢ o o o

Sarite deposlits of the Ualted States exclusiv

MiSSOurio L] * L) e L} L [ L] L] L]

Barite deposits of foreign Countries,

Barite deposits of Missouri . .
DETAILED CBSTZRVATICHS ¢ o o o o
Tefinition bf terms used. . . .
Geometric observations, . « . .
Barite in coherent dolomite .

L3

-

3

[ 4

[

L 3

3

L]

* -

[

L]
..
.
L)
L]
e

Barlte in the matrix of the dolomlte breccla,

Berite 1ln complex arrays. . .

*

L]

L ]

Observations on crystal growth. « « « « « &

GeochemleotiyFe = o 5 « » = 5 5 =

L

Geochemlistry of barium and barium compounds

Geochemiceal observations. $ & & & & § ® &: ® 8
General rules of loglc. . . o ¢ « v « o « o« Fiw « T2
DISCUSSICN OF THE OBSERVATIONS IN VIEW OF THE VARICUS

- POSSIBILITIES CF ORIGIN . . . .

Definition of terms used. . . .

Time and secquence of deposition (paragenesis)

Geometric criteria., . « . <« &
Geochemical criteria. . . . .
Sequence of deposition. . ..

Conclusions on the time of deposition . . .

e

.111

. Vi

L]
MDYV LU LW

. 15

e 31

e of

L] 31
. 35

. 37
. k4

. 61
. 67

. T4
o
. 76

. 77

. 84
087

.93



TABLT CF CCONTENTS (continued)

Source of the ote'bearing
Eplgenetic supergene.

Eplgenietic hypogene .
Syngenetlc supergene.
Syagenetic hjpogéne .
VI. GIWERAL CCICLUSICLS . . .
BIBLIOGRAPHY:. 2 o o o o o « @
VITA:w @ v o o o o o o o o o &

L d

flulds.-

L] * [ ]

. . .

11,



LIST OF FIGURES

of a matrix portion of the brecclia of the _
Krueger 21nc Dep081t . LY * ¢« o e - @ - . ] . . .

*RAGE

. 22

. 23
. 24

. 25

. 28

« 29

. 53

.53

FIGURES
71. ’Re&idual barite. crystals and. quartz druses alqns
< ‘Missouri Highway NO. "2le 4 ¢ ¢ ¢7¢ e o7 o 0’0
2. View of the open pit of the Krueger 21nc Deposit‘
3. .Barite and dolomite breccla: outcropping in ‘the .
open plt cf the Krueger Zinc Deposit . . . . .
4, Cuteropping barite An the openpit of the Hornseyﬁ
Bros. Mining Company R
50 Detail Of 'Figure 4 « e 3 L] ‘."0 .o. . . 3 .0. 'o ® -o-
8. Open plt with outcronping barite north of :
"Missourl Highway No. 8 . ¢« &« «74 ¢ ¢ ¢ ¢ o o &
7o Detail Of Figure 6 ° . * ] e o ) . . . -‘o L] .”;
8. Detall of Figure 6 . . . . . e e e e e e e e
98, Detail of ‘the outcropping barite-limonite. '
e - boxwork shown in Figure 9B . + s ¢ ¢ o o o e
- 9b. Barite and 1imonite ‘boxwork in dolomite in . the
__— open .pit north of Missourl Highway No. 8 . . .
'10. Patches of barite in the open pit north of
‘MiSSOuPi Highway No. 8 . . . . s e - . . "f .
llaug Detail of Fﬁ gure llb . . e o o . o . . . 3 . . 3
11b. Berite and chert nodules in the outerop along
Missouri Highway No. 8 . . o o o o o o o o o
1l2a. Top-bottom feature in a piece of the drill
- core of the Krueger Zinc Deposit ¥ w % m k.w @
12b. Detall of Figure 122 + v v v o o o o o o o o =
13. Barite-sphalerite-marcasite as matrix of the
dolomite breccia of the Krueger Zlnc Deposit _
14, ,Barite—sphalerite-galena ag matrix of the e g
T breccia of- the Krueger Zinc . Deposit P A
15. Samples of the dolomitic breccia of the Krueger
’ Zinc DepOSitSo . .o-'. e . - . . e . e o .o . - e
l6a. Bladed crystals of barite . in the outerop on
‘ the Hormnsey Bros. Mining Company e 6 o o o .a
l6bq  Detail Of Fi&ure 16& . [ e [ L) o e ‘ B -.o‘; ..; 7
- 17. Crystals of barite in a cavity in the center

i1t

- 5?..1



_ _ iv
LIST OF FIGURZS (continued)

FIGURES V PAGE

18a. Thin crystals of barite at the bottom of
: small vugs in the drill .cores of the Krueger
Zinc .u‘epCSj.t . . . . s e [ L] . . ° . . . .

18b. Thin crystals of barite at the bottom of
small vugs in thc drill cores cof the Xrueger .
Zinc De‘—\o Di ts . e L] L] L ® L ] L] L] [ ] . L L - . L] L] '

192, Crystals of barite essoclated with marcasite
at the bottom of vugs in the drill core of )
- the Xrueger Zinc Deposit. . . . & ¢ o « . o o . 60

1%b. Massive barite as:z ociatca with marcesite at
the bottom of vugs in the drill core of the
Erueger Zinc Deposlt. « « & « ¢ ¢ ¢ ¢ o o o o« o 60

20. Scheme of introduction and reactions o’hmerine S
‘ exhalative iron deposits. . . « .« . « 4+ . . . , 68



LIST OF TABLES

TABLE I  PAGE
l. Chronological list of literature on barite and .
theories Of Origin e e ) 3 ) L3 e L] . ° . . . . '-'. ° 41
2. The NIGGLI Classification of rock textures . . . . ." 46
‘3. The geochémistry of barium (after BORCHERT, 1950). . 63
4, Illustration of replacement and/or cavity filling
dePOSj.tiOn L J L ] . . ES L ] . L] * L L] L] L] @ L L] L] L L ] L] 81
5 Block diagram showing the location cf the U. S.
Bureau of Mines drlll holes of the Krueger-Zinc . .
Deposit (in back cover map pOCKet)
6. Block diagram of the positlon (zones) with ore
minerals 1in the Xrueger 2Zinc Deposlt on the basls
of the assays of the U. S. Bureau of Mines dri]l
cores, (in back cover map pocket)
7. Block dliagram showing the projection of the areas’
. with ore minerals on the plane of the Shirley
fault, on the basis of the data of the U. S. -
Bureau of Mines drill cores of the Krueger Zinc
Deposit. (1n back cover map pocket)
8. Topographic map showing the locations of the

ma jor open pits with residual barite aznd out-
cropping barlite in the Potosl quadrangle
(1n back cover map poeket)



ABSTRACT

This thesis deals with the study of the- genesis of
the ﬁrueger zinc deoosit and the’ near—by barite aeposits

» » - - ». ..

Aof the Potosi cuadranale Washington Gounty, Missouri.

The rocks outcroop*ngeﬁn the Quadrangle embraée-
Pre-Cambrian end Lower Daleozoic fcrmations, fhemPétosi
and Eminence. being the most important formations w*th
regara to the studieo doposits. |

S The few structures present in the area are of . theA

'vertical type ana are more ebundert in the SOLtnern pert

of the_quadranéle.

Speclal emphasis is placed on the relaticnships

”betweeniihe barite, the dssociated'sulfides, and the hnost -

rock.

Geometric end geoohemieal criteria,ere studied in
detall and used to explain:the¥1ooal-genesis of tﬁe ore
depoéits{ Geoﬁeﬁrio eﬁidences, eitherrin the oﬁtcrope

or in the drill cores, suggest the nossibility’of a syn-‘

'genetic origin. The geochemistry of barium and the. sulfides

supports this mode of'origin.

An attempt to solve the problem of the origin of
the ore fluids was made.. Both the supergene and hybogeﬁe
theory are considered. More ériteriaeeppeér'tojsupport'

the second-one,-

vi



GENERAL INTRODUCTION - ACKNOWLEDGEMENTS

Genersl Introduction.

Interesting and'impdrtant‘deposits of barité and
essoclated sulfides have,beén'known and mined in the Potosi
quadrangle of Washington County, Missouri, for a century or
more. vThefproblém of their-genesis has been subjected’to
controversial opinions during the years-since their dis-
covery. |

TheAsimilarity of the Missouri deposits wlth other
barite deposits in the United States and abroad has 1nsp1r¢a
a large séfies'of publicatlons. Most of these have been
reviewed in thls thesis and compared with the data collected
iﬁ the field end studied in the laboratory by the writer.
Literature of barite deposits from all parts of the world
has been stud1ed; This has provided a background of data
_and conditions foﬁnd in other deposits of the same occur-
rence and has supplied many different 1deas and theories on
their genesis. |

The épproach to the problem involved two steps:

first a careful étudy of outcf%ps in the area and secoﬁd a
Apetrographic enalysis of the sampleé in the laboratory. It
became necessary to apply new criteria and to elaborate on
the conventional ones to permit'a better understanding of
the factors and causes of the origin of the barite deposits

of Misecuri.
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The conclusions reached in the present thesis differ
considerably from the previous interﬁretations and.suggést
new possibllitles 1in regard to the genésis of the studied
- deposits. | }
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CHAPTER I
GEOGRAPHICAL AND GEOLOGICAL INTRODUCTICN

The studied ore deposlts are located 1n Washington
County, one of the counties in the southeastern part of the
State of Mlssourl., The Washington County barlite distfict is
the most important one in the state and includes all of the
area belonging to washington'County and a few square miles of
St; Francols County. .A second district, in central M1356ur1,
cgﬁers pafts‘Qr several counties 1n’thé area of the Lak; of
the Ozarks. These bérite'deposits are smaller and could not
be studled at this time.

The present work concentrated on the study of the
" barite deposits of the Potosli quadrangle, which lies.in the
center of Weshington County. ‘

Physical Geography of the'yotoéi Quadrangle.

The Potosli Quadrangke 1s comprised between the 37045'
and the 38°00°' parallels, north latitude, and between the N
90°45' and 9100 meridians, west longltude. :
" The whole quadrengle, about 22 km. (14 miles) wide,
and 27 km. (17 miles) long, can be considered, in a general
way, as a pért'of a wide plateau. ‘The lowest and ﬁhe,highest
points,in the area are in proximity of the Town of Latty, in
the valley of Fourch a Renault, about 215 m. (700 ft.) abofe :

sea level and the other, the Little Pilot, a ﬁorphyry knob,
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365 m. (1200 ft.) above sea level 1in the northwestern slide of
the quadrangle. |
The dralnage of the whole area is a part of the .
Meramec Rlver Baslin. The tributary, in the Potosil Quadfangle,
is the Blg River and 1ts smaller tributarles. The north-
western waters of the area are collected by the Curtols
River, and other stfeams flowing directlyvintd the Meramec.
Rlver. The major part of the streams has a flat angle grade.
Cnly in o few cases i1s the river bed as far below the average
plateau surface as 60-90 m. (200-300 ft.). Because of the
local characteristié of the fivers there(are'very few fléodi
planes in the area and they occur only along the big streams.
| The major part of the solls, as their study shows, is
ofgthe residual type, wlth a few small areas of the alluvial
type close to the largest streams, as stated above. These
" resldual solls, important and interesting for the-purposes
of“the present study, are,frequehtly rich in quartz and
cﬁert nodules. The richness in silliceous nodules 1s one of
“thé main causes of the péor»agricultﬂgal quality of the soils
of the region. .
The area under study 1s prevalently covered by for-
ests:of pines,‘oaks, and cedars. Agriculture 1s developed
on the flood planes, with Wheét and cormn as>princ1pal crops.
The populatlon conslsts mostly of farmers and is cbh—
centrated in the towns of Potosl and Caledonia or. dissem-

inated on farms.



Stratigraphy of the Potosl Quadrangle
Data for the geology of the Potosi Quadrangle have

been taken mostly from C. L. DAKE's paper (1930)‘. Ebrithe

purposes of this study a 5enefai éummary»of the‘sequence'of

the formations

outcropping in the area and a short illustra-

tion of the main tectonlc events that have taken place in

part or in all

of these rock formationS-are descrlbed below. .

C. L. DAKE and other geologists who have studied the

area agree on the recognition of the following formations:

Quaternary

‘Ordovicien .j

Cambrian | ﬁ

Pre-Cambrian
As seen’
present in the

Paleozaie.

+Alluvium - residual soils and alluvium sensu
strictu

[ . Roubildoux Formation -~ sandstone wiﬂh a fair
abundance of cherty material and thin
lenses of dolomite :

.Gasconade Formation - cherty dolomite

r . Eminence Fbrmation - dolomlte and chert

.Potosl Formation - crystalline dolomite,
quartz and chalcedeny druses, chert

.Derby—Doerun Formation - finely crystalline
. to earthy, but not cherty dolomite

.Davis'Formation - shale, limestone, and
. limestone conglomerate

.Bonneterre Formation - crystalline dolomite,
‘no chert

.Lamotte Formation - sandstone with several
shale layers

.Rhyolite porphyry and rhyolitic tuffs
in this stratigraphic section, the rormationa

area belong to the Pre-Cambrian and to the

1. All references are in bibliography.



Pre-Cambrian _ v

' The Pre-~Cambrian rocks of the Pptosl Quadrangle con- -
sist exclusively of rhyolite porphyry and rhyolitic tuffs,.
Granlite, granite porphyry or baslc dlkes have‘not been

found.

Rhyolite Porphyry. Outcrops of these rocks are found espe-
cially in the southern part of the Potosinuadrangle, close
to the border between Washington and Iron Counties., The
porphyries form a serles of-relatively small knobs that
become a definite range in the southern part. A small:
porphyry knob, named Little Pilot, 1s located in the gorth~
western part of the qdadrangle and is the highést point of
the area., The dark reddish—brown rhyolite porphyry con-
ta;ns small.orthOCIaée and quartz crystals in a ground mass
of very fine texture.

" According to GEIJER (1931) and AMSTUTZ (1958), micro-
scoplc examlnatlons re?éale& thai some bortioné of the

.rhyolites are to be classified as keratophyric andesites.

Rhyollitic Tuffs. As reported by DAKE .(1930), some thin
bedded slabs of_turr were found Jﬁst oﬁtsidé'the northwestem:
corner of the Potosl quadrangle; They were, however, not in

place.

Cambrian

The Cambrian system 1s represented by the six formag

tions déscribedvbelow.



Lamotte Fbrmatioh. The Lamotte consists prevalently of a
Sandstone, gometlimes interbedded with thin layers of clays.
The color of thls sandstone is»extremeiy varilable becéuse‘of
the different amounts of iron oxides 1t conﬁains.f The forma—
tion outcrops only in a small area near Caledonia in the

southwestern part of the quadrangle.

Bonneterre Formation. Sandstone, sometimes calcareous, and
sandy dolomlte constitute the biggest portion of the Bonﬁe-
terre Formation. In the upper part 1t 1s prevalently formed
by a méssive and coarse dolomite. This formatlon also, out-
crops only ln the southern part of the Potosli Quadrangte,
particularly in the Belgrade and Belleview sections.

Davis Formation. _The Davis Formation, outcroppling sparéely
in the southern part of the Potosl Quadrangle, conslsts
princip 2lly of shales although some limestones and dolo-
mites are frequently interbedded. -

.Derby-Doerun Formation. The Derby-Doerun Formation, as the
Davis,'is very scarcely repreéented“in the area. It out-
crops only 1in the south central part of the quadrangle in
an area where tectonlc movements occurred. Lithologically

- the formatlion consists of a very fine crystalline dolomite
without chert. ULRICH united'ﬁhe two last formations under

the general name of Elvins Formation.

Potosl Formation. The Potosi Formation, together with the

Emlnence, 1s the rock complex containing most of the barite



8
deposits of the district. It is well represented in the
whole quadrangle, but especially-neaf the Town of Potosl and
in the Palmer area, in the southwesterﬁ corner of the quad-
rangle. The major part of the outcropping barite is found
in this formation, and also almost all of the barite mined
in southeast Missouri 1s recovered from-it. The thickness
of the formation does not exceed T70-100 m. (250-300 ft.) and
in many places its thickness 1s greatiy reduced by erosioﬁ.

A light to dark brown, relatively crystalline, medium
to fine grained, very cherty}dolomite constitutes the bulk
of the Potosl formatlon. Shales and sandstones are no%
represented at all. Very frequent druses are prevalentiy
composed of chalcedony, coated in the interior by relatively

large quartz crystels.

Eminence Fofmation. The Bmninence is the most wlidely dis-
tnited formaiion throughout the Potosl Quadrangle and much
of}the barite 1s contained 2lso in this formation. Barite

1s present in outc!ops especially near the contact with the
| sub jacent Potosl Formation. The Eminence Formation 1s
formed by a serles of massively bedded dolomlite layers with
falrly abundant chert. A property distingulshing the Potosi
from the Emninence 1s the lighter color of the latter. Shgles
and saﬁdstones are scarce and occur always as thin beds or
lenses. Chert 1s very abundant and one of the main char-

acteristics of the formation.

Ordovician

Cnly the lowest formations of the Ordovician are



present in the area.

Gasconade and Roubldoux Fbrmations. The top of the sﬁratie 
graphlc sequence 1n the Potosi Quadrahgle is formed by the

~ Gasconade and Roubidoux formations. ~_They occupy the cen-
tral part of the quadraﬁgle and aléo_the southern part,
where they are in d;rect contéct with ﬁﬁe Bonneterre, Davis,
and Derby-Doerun formations because of tectonlc movements

. which origilnated e system of faults a few miles north of |
Belgrade. |

Quaternary

” The mature topography of the region makes dlfficult
a.séparationfbetween the 01ld and the recent Quaternary |
deposits. The streams do not have a strong eroslve action
and the alluvial deposits are few. Only in proximity of
‘the largest streams alluvial deposits can be found and thelr
materlal 1s always derived from ﬁhe Paleozolc Formatlons.
| The Whoievquadraﬁgle is élmost completely covered by

" residual solls originated by weathering of these formatlons,

Structural Geology of the Potosi Quadrangle

fault éystémsqih the aréa'and conslders that they are normal
vertical gravity faults. The only possible fold of the
‘reglon may be the so-called Shirley syncline which may cause
the preservation of the Roubidoux formation in the quad-
rangle. | | |

This fault and the fault systems are, according to
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DAKE, the Shiriey feult and the faulted zone of Palmer.
These are sald to be probably of different age. The Shirley
fault which passes a few miles east of Shirley 18 said to
be ycunger then the Roubldoux Formatlion, the youngest
Paleozolc formation in the aree. This fact 1s supported by
DAXE's observation of an enomalous ébhtact between Roubldoux
and Eminence, reported frbm a few places only;

The Shirley fault 1s supposed to pass through the’
Krueger property and was esoumed by various authors to have
served as a channelway for mlneralizing solutions. The
present author hes not seen this fault on the surfacé,égd
thé block dlagrams (see tables 5, 6, 7) do not prove or
stfongly suggest 1té presénce. The fault assumed to belbre-
sent by previcus authors (DAXE, 1930; BALLINGER, 1948; and
others) was drawn intp the block diagrﬁms essuming that
their'ﬁssumptions were cofrect.

As will be discussea ‘in more detall later in thia
thesls, the connectlons between the mineralized and/or
Abrecciated portions of the drill holes, as reported by
BALLINGER (1948) and as relogged by the writer, do not prove
ihéibresenée'ofithe‘rault. There.ls &t the most a very . j
\sli&ht;auggestion thét the northeastern part 6f:the;sﬁb:*3’ $£:
terraneous breccla horizon 1s slightly (a few feet only)
higher than the southwestern part. Yet this could be caused
by a slight monocline or by an original stratieraphic
elevatiqn—difference of the breccla,

tne of the two fault systems in the Palmer area was
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thought to be pbssibly of the ,'séme age as the questlonable

Shirley fault; the other is pr’obably-,oléer ahd at least |
post.-Emineﬁ’ce’, DAKE, .(1930). TR



CHAPTER I
GENERAL DESCRIPTION OF THE DEPOSITS

The barite deposits of the Potosi Quadrangie are
located in two principal areas. The first, around the Town
of Potosi, occupies the northeastern corner of the territory
~studied for this thesls; the second, on the central western
edge, belongs to the Palmer and neighboring sectlons.

The following chapter offers a brief description“of
thgﬂoutérops vislted, and the mode of occurrence.of the:
bafite in the field. The barite occurs as residual and as
bedrock deposits. They willl be discussed in thls sequénce:

Residuel barite
Bedrock barite
- Residual Barite ‘

, ' The residual barite is presented. in gsolls and over-
”5urden as fragments of different sizes and shapes, from a
few to several centimeters. The origin of this bérite,
frequently containing small cubes of galena;.is not aiffi-
culgipo_explain. During weathering‘and decomposition bfAthe
barite Bearing dolémites, the insoluble residue,'consisting
mainly of quartz druses, chert, and barite, was concentratéd
in the solls where it is now found. The enclosing dclomitic
sediments wére decomposed and removed'by the Watef.

The Cambrian barite ‘bearing formations, liii the

Potosl and Emlnence, have been directly in contaect with

N
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atmospheric agents for a long time. They were subjected to

a strong weathering action,which did‘not, or only to a ne=-

gligible extent,act on the quartz, chert, and barite pre-

sent in the formations (see figure 1), These-factors made
the large and commerclally interesting concentration of
barite in the residual materlal over almost the whole reglon
present,

Residual barite has been and still 1s mined principally
1nside.the followlng areasz; _

Palmer area: 90°55'/91°00 west - 37°48'/37°52' north; sec-
tions 7, 8, 15, 21, 22, T.36 N.,R.1 E.,and sections 1, 12,
15, T.36 N.,R.1 W. | | ”

Deposits along Missourl Highway No.114: 90°48' west — 37958'

" north.

Superbar Company Déposits: along Missourl Highway No.8, nortn-
east of Potosi,

Hornsey Bros. Mining Company: southwest rim of the Town of

Potosi} 20°47' west - 37°46' north.

2. Except for the Palmer area the geographjcal coordinates
refer to the central point of the area mentioned., No
sectlon, township, and range can be given for ncme of
the cited locallitles because part of the Potosi Quadran-
gle 1s not sectionalilzed.
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Figure 1 - Reslidual barite crystals and quartz druses along
Missourl Hlighway No. 21 near 0ld Mines. Quartsz
forms a rigld network in which barite occurs.
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Bedrock Barite

Any study of the genesls of ore deposlts has to-be
based mosﬁly on observatiohs and considerations of the min~
eral in place, with particular reference to its relations to
. the surrounding rocks. ,in this case, speclal attention has
been given to the few ouﬁcrops of barite and assoclated sul-
fides in bedrock present in the Potosl Quadrangle. The
"barite deposits cf the area are here sub-divided as follows:

Krueger Property: 90°953' west - 37°55' north ; NE} Sec. 24,
T.37TN.R.1E. - . , - ,

Hornsey Bros. Mining Company Deposits: 90°48' west - 37° 56'
north , : - :

Deposits along Missourli Highway No. 8: 90°48' west - 37°57'
. north , _ ,

Krueger Property

‘The Krueger Property.(see.figﬁres 2, 3) 1s located )
about six miles west of Potosi along Missourl Highway No, 8
and includes an area of about 160 acres on the‘orographic
right side of the River Fourche a Renault, between the Mlddle

and North Fork Creek in the NE}, Sec. 24, T.37N.R.1lE.

| The surface rock in the‘area is predomlnantly of
Emlnence age and consists of a light gray, moderately granu-.
lar, maéaively bedded,”cherty délohite. The contact bétween
the Eminence and the Potosl formation 1s difficult to deter-
mine because of the strong similarity of the rocks of the two
formations at the contact. This contact 1s actually traﬁsi¢

tional.

According to C. L. DAKE (1930), the Krueger Property
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is related to the Jhirley fault which 1s sald to go through
the deposit at/or near the shaft. This point will be dis-
cussed later. The fault was not detested by the writer. In
a few places, DAKE and others who surveyed the area were |
apparently able to récognize a displacement on the surface.

This ore deposit 1s associated with a dolomitic
breccla. The minerals present are sphalerlite, galena,
marcasite, and barite. A relatively large amount of chert
is also‘present. At the entrance of the open pit, Just
above the water, there are on the socuth side a few outcrops
of dolomite in which only barite-qccura. Oon thélhorth s;de
the short outcrop contalins breccliated cherty material which
shows some minerslizatien of sulfides in addition to barite.

Unfortunately it was l1mpossible '‘to observe the deposit
underground. The only shaft present on the property was
‘completely underwater during the earller vislts. Later the
owner of the property héd almost éompletely destroyed an&
‘filled the shaft.

Samples were collected on the surface and belong to
material once taken out from the shaft. Thé stﬁdj of the
propexrty 1is thus_based on observations on the‘small cutcrops
&t the shaft entrance, on the dump ﬁaterial, and on the~dr1i1
hole records publlshed by the United Stateé Bureau of Mlnes,
as well as on the 1ogging of 19 drill holes by the writer in
the Minneapolls Core Library of the U. S. Bureau of Mines.

Details of the;mineralogy and paragenetic sequence of

the minerals'preéént in the bréccla are discussed in Chapter V.
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Hornsey Bros. Mining Company deposits

These deposits are located on the southwestern rim of
the Town of Potosl (see figure 4). They consglst mostl& of
residual solls in wh;ch barite with some lead sulfide is
found. Galena 1s frequeéently present as big crystals or
aggregates.

A few outcrops of barite in bedrock were found close
' to the northern 1imit of the deposits on both sides of the
road. Barlte occurs here as a constltuent of the matrix
between pleces of dolomlte rock, sometimes forming its major
conspituént. In the 1at§er case it has the appearance of a
barite network{(ﬁee figure 5). | | .
: Sﬁlfidel; except galena, are not associéted with the
barite in this locatlion.

.Deposits along Missourl Highway No. 8

On Missourl Highway No. 8, about two miles west of
Potosil, on the left orographilc side of Bai&es Creek, several
open plts can be seen on the side of the highway and in the
wood. From these plts barite was mined several years ago.
The pit with the largest outcropping face is pictured on "
figure 6. Details are shown in figures 7, 8a, 8b, 9a; 9b,.A
10§. - |

Here barite occurs in cohsiderable quantity, occa-
slonally assoclated with galena. Barlte 1s well exposed as
small or‘larée irregular patches in a light dolomite on a
relatively large open pit wall, about?eo yards away from the

highway. The dolomlite 1s broken and fractufed and some of
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the matrix space contalns barité; - ‘Drufses of quar‘pz are :p'res-. '
‘ent in small quantity. _Some chert ﬁodules ,occur> in thé out-
crops along Highway No. 8, but there 1s no visible relation
to the barite. Usualij'these‘nodules occupy a higher
stratigraphlc pos‘itién. (see figures 1la, 11b).
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Figure 2 - View of the open pit of the'Krueger’Zinc Deposit.
The old shaft is located a few feet to the right
of the person looking at beds of cherty breccia

with marcaslite and sphalerite.



20 -

Figure 3 - Barite and dclomitic breccia outcropping in the

open plt of Krueger Zinc Deposit. The horizontal
resistant beds congist of dolomite, chert (mostly
brqgciated and cemented with some marcasite and

sph_alerite), and barite.



Flgure 4 - Outcropping barit*ﬁin an.open pit of the Hernseyn”
. Bros. Mining Company. The compleéte absence of
mineralization in the foot and hanging walls 15

well displayed.
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figure 5 - Petall of the figure 4 showing the
. eralization in the hanging wall.

lack of

min-
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:E'igure € - COpen pit wlth outcropping barite north of Missourl
Highway Ho. B.
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Filgure 7 = Detall of the outcropping barite in the open pit’
north of Missourl Highway No. 8 (the length of
the knife is 2% inches). Plcture taken on verti-
cal weall. : .
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- Déﬁail of the outcropping barite and limonite -
in the open pit north of Missourl Hlghway No. 8
(vertical outcrop). The Drawing shows the box-

work of limonite.

Flgure 8
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Figure 9 a. Detail of the outcroppihg barite-limonite boxwork shown in figure 9 b.

“q' Limonite and limonite staining dolemite

Barite

Dolomite




Figure 9 b, Barite and limonite boxwork in dolomite in the open pit north of
Missouri Highway No, 8 (horizontal outcrop)



Figure 10 - Patches of barite in the open pit north of
Missouri Highway No. 8.
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Figure lla.- Detail of Figure 11lb.

% JBarite
ﬂm Chert




Flzgure 11 b - Barite and chert nodules in the outcrop along
Missouri Highway No. 8.



CHAPTER III

PREVICUS INTERPRITATIONS -

The following three sectlons contaln surmaries of the
criterla and theories related to the.barité~gehesis, as’
offered in previous publications both in this country and
abrosd. The following sequenceAis observed:

Derlte deposits of the United States exclusive of Mis-
Baigggideposits of forelgn countries
Barite deposits of Mlssouri
| An attempt was made to set up a bibliography of all
avallable pepers containling valuable informatlon on the
occurrence and origin of barite in sediments. The review
of previous work is, however, based on a selectlcn of papefs

which were thought to be the most important ones from a

genetic point of view.

Barite deposits of the United States exclusive of Missourl

ih;1907‘T.;L. WATSCN studiéd-tﬁe'ged§is 6f the barite
deposits of Virglniat Accqrﬁing to him ﬁhe barite contalned
in the Shénandoah iimestoneé'(Cambro—Ordovicién) was depos- |
ited by shallow waters circuléting'epigeneticaliy in them.
The waters had préviously leached the barium which WATSON
belleved present in the same rormation,\and suécessively
redeposited it as barium sulphate. WATSON offers thé fol-

lowing conclusions which are‘quoted in full length:
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l.” With two exceptions, the barite deposits are asso-
clated with limestone or its residual decay. These
exceptions show the occurrence of the barite in
crystalline siliceous rocks, more or less remote
from limestone masses. _

2. The occurrence of the barite in the limestone 1is
partly as a replacement, and partly as veln-llke
masses fllling fractures; and iIn the residual clays
as loose nodular masses irregularly assembled and
of different sizes and shapes. In each of these
occurrences the barite 1s crystalline in texture,
and 1s the result of solution and deposition.

3. The barite and associated minerals suggests depo-
sition from reasonably-shallow clirculations. The
barite 1s believed to have been largely, if not
entirely, derived, in most cases, from the rocks
in which the concentrations are now found. (p. 733).

In 1913 F. H. FOHS, studying the barite deposits of
Kentucky in Missiséippian end Cambro-Silurian limestones,
related the source of barium directly to the basic igneous
rocks present in the area. The barium, according to this
author, is, ". . . the element appearing as a constituent
of certain feldspars, blotite, and their alteration pro-
ducts. Barite 1is not a rock making m;neral and 1s only
deposited from rock making éolutions." (p. 573).

The barite deposits of the Appéléchian area> were
reviewed in 1915 by T. L. WATSON and J. S. GRASTY. They
related the genesis of the barite present in véins of
elther sedimentary or crystalline rocks, to the barium
compounds derived from rocks surrounding the actual deposits
by action of shallow circulating water,

C. H. GORCON in 1918 studled extensively the barite

3. Alabama, .Georgla, Kentucky, Maryland, Pennsylvania,
North Carolina, South Carolina, Tennessee, and Virginia
are comprised in this area.
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deposits of East Tennessee. These were described by him as
~F. . .ibed veins or shattered zones in limestone 1n‘which the
5ar1te occurs as a replacement, or cement filling the 1nter;
stices in the breccla," or as "residual deposits formed by
weathering of the above . . ."‘(p. 52). Stratigraphically
the barite occurs in the dolomite of the Knok formation
(Ordovician), which contains a large quantity of chert in
hodules or masses,

GORDON, following H. RIES theories (1916), thought
that barite could have been formed from depositian from
aqueous golutions; and expressed 1t as follows:

The -source of the barium was evidently in the dolomite
and assoclated limestones, great thicknesses of which :
have in the course of time been removed by solution (p.56).

Chemical analyses of the Knox dolomite are reportéd
in the séme paper‘showing that barium 1is present in rela-
tiveij appreciable amounts as sulphate and oxlde.

The same theory of waier acting as solvent of the
berium in preexisting fofmations was accepted by J. P. D. HULL
in 1§19 in his paper "Barite Depoﬁfts of Georgia?; Accérding
to him, these deposité might have been formed by~1each1ng of
barium from feldspars and micas of igneous rocks. The barium
could have been removed by action of ﬁeteoric and thermal
waters and transported upward along faults and fractures.
Particularly favorable conditions and chemical reactions
caused the precipilitation of barium as barium sulphate at the
contact between the ascending solutions and the Cambrian

limestones. The Georéia barite{deposits are classified by
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HULL as: "(1) veins, (2) replacement, (3) breccia, (4) resia-
ual, (5) colluvial, (6) alluvial deposits" (p. 12).
C. L. ROBINSON studied the vein deposits of Central
Kentucky in 1931. Three hypotheses were listed by him:
(1) Meteoric waters leaching the vein materials from
the enclosing rock, transporting this material to the
fissures and there depositing the load, or by (2) mete-
oric waters rising by means of artesian condltions,
obtaining thelir load of materials from the underlaying
rocks, carrylng the vein materials in solution from a
deep-seated source, and depositing the load in the
higher rocks, or by (3) magmatic solutions derived from
some deep-seated baslc intrusion, rising along the
fissures or fault plane, and depositing the velin minerals
present at the last phase of magmatic activity (p. 60).
ROBINSON in a brief discussion of the value of thesé theories,
excluded the first one because of the lack of bedding planes
or solution cavities which are present in the other districts
of the Misslissippl Valley. The possiblility of water solu-
tions 1ea¢hins the material from preexistent formations was
discafded because analyses of the limestones of Central
Kentucky showed no fraces of barium, fluorine, lead, and
zinc. The lack of artesién conditions in the district, lead
ROBINSON to preclude also the second hypothesis, and to
acéept the third one.
In 1931 G. I. ADAMS attributed the barite deposits
of Alabama to the mesothermal and epithermal type of hypo-
gene deposits. The author stated that ". . ..the barium
'was brought up in emanations from\magmaé and deposited as
velns and replacements, which were formed after the mein
Applachlan structure was developed at the close of the

Paleozoic" (p. 776).
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The Sweetwater barite deposits of Tennessee were
studied by R. A. LAURENCE in 1939. He suggested, with
reserve, a deposition from thermal aécending water of mete-

oric or magmatic orgiln,

Barite deposlits of forelign countries

Several deposits of barite and assoclated sulphides
have been described 1n different countrlies outslde of the
Uhited States. |

0. HOLTHEDAL (1909), studying the Cambro-gSilurien
system in Norway and 1ts barite Inclusions, expressed the
‘epinion tha£ the barlite crystals are of secondary origin.
and have been formed 1in the sediments by circulating solu-
tions in Silurlan or Devonlan time.

A. HADDING (1939) worked on the barite occurences
in swedlsh blaeck shales and clayey limestoneg. He stated
that the barite has to be considered strietly syhgegetie
uwith}the enclosing'sediments. The barium, contained in
some muﬁwbeds, wes concentrated in place as barium sulphate.

L. STﬂRMER (1953) is, however, of the oplnion that
the barite crystals preaent in limestones and shales of
the Cembro-Silurian of Norway and Sweden could have ori- f**‘
ginated from substitutlion of sedimentary material by barium'A
in the sediments during dggenesis.

The barite deposits in the sedimentary formatlons "
of the Odenwald in Germany were studied by ENGELHARDT (1936),
SCENEIDERHGHN (1948), and MURAWSEY (1954). W. ENGELHARDT
considered 2 possible origin of deposits of the Odenwald
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elther by hypogene warm solutlions or by supergene solutlons |
which had leached the barium from preexistent formatilons.

H. SCHNEIDERHOHN and H. MURAWSKY, however, thought that
barite bearing solutions should definitely have had a
hypogene origin., |

W. and W. E. PETRASCHLKX (1950) recognized syngenetic-
sedimentary characteristics in the barite and sulphide
deposits of Meggen in Westfal (Germany). The same deposits
were studled some years later by E; NICKEL (1956) who sug-
gested a volcanic exhalative origin. The exhslative fluids
could have brought up into the sedimenﬁaronoze barium
compounds.which undef anzeroblc conditions, precipitated
barium sulphate, |

The‘b;rite depoéits of Pessant (France) are,
according to E. RAGUIN (1949), related to the structural
features of the area. The barium bearing solutlons may
have come up along the faults and deposited theif barium
'bontent~epigenet1ca11y in the Liaésic sediments. According
to RAGUIN, =1lso all the other occurrences of barite in .
sediments along the Pyrenees, the Alps and the Central
Massive are related to hypogene solutions, 1htroduced 1§to
‘the aediﬁe;ts through channelways provided by the several
faults of the region.

The large barite deposits in limestone of the Cuddapah
district (South India) were studied by P. B. MURTHY (1950)
who referred to their origin as f, . . the mixing of
ascending barium-bearlng and descending sulphate-bearing
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:»waters in the éarlier formed fissureé.?

The barite and celestine deposiis_of Tarquinia»‘
».(Italy) were considered by B. CONFORTO (1950). The minerals
are contained in a congloﬁefate of Pbét;Plioéene'age and |
presumably originated by epigenefic deposiﬁion from

ascending hydrothermal solutions of low temperature,

Barite deposits of Mlssourl
In 1908 E. R. BUCKLEY working on the barite and

lead-zinc deposits of thé'Potosi area, and following the
ideas of BISHOF about the solubility and the chemistry of
barium, wrote:

The barite of the area under discussion has probably
been derived from barium carbonate which is soluble in
4300 times 1ts welght in water, the solubility being
increased through the addition of carbonic acid gas.

The barium carbonate introduced, in solution, “into the
Potosli formation was probably precipitated through the
mingling of barium carbonate solutions and solutlons
carrying an alcaline sulphate, perhaps calc¢ium sulphate.
The original saurce of the barium was probably the feld-
spars of the ligneous rocks, from which were derived the
materlals making up the sedimentary formations of the
area. The fact that barlte does not occur in the
formations beneath the Potosl, although occurring in
those above, seem to argue that the barite bearing solu-
tlons come from above and that during the period of
introduction of the barite, the Potosl was the oldest
of the sedlmentary formatlons reached by the downward-
circulating barite bearing solutions (p, 247 - 248),

One of the mest extensive works published in the rirat
years of this century on the geology of the Missouri barite
deposits 1s that of A, A. STEEL (1909). He considered-ﬁhe
barite déposited,contempOraneoﬁsiy with the galena; buf not
with calcite and dolomite. He suggested two types of

occﬁrrence of bafiumfln solufion: from weathering of over-



38
laying formatlions or from igneous rocks buried not far below
the deposits.

The genesls of the barite 1in Miséouri_waé exten-
sively studled by W. A. TARR (1918) and the conclusions
were published in "The Bérite-Deposits of Missouri" (1918).
The author outlined two hypotheses for the origin 6f these
deposits: "(1) The barium was concentrated from the
surroundiné rocks and depoéited in the'veins, caves, etc,.;
(2)the barite was deposited by deep-scated solutions as
Qeins, replacements, and cave deposits" (p. 75). TARR,
in the conclusion of his paper, excludéd”the first‘hypo-

. thesls for  the following reasons:
(1). . . carbonate rocks, the dominant type in this
area, have been shown to contain no barium, save 1in
rare Instances where it 1s not certain that it was
not actually introduced into the rocks by later
solutions; (2) the weters in such rocks are dominantly
carbonate waters which are poor solvents for the barium
salts; and (3) the rocks of the region are of very low,
permeabllity, save along the divislonal planesa where .
the activity of solutions i1s-confined to the immediate
w2lls (p. 85).
He excluded an origin from descending solutions, but
accepted as more probable ameplgenetic deposition of the
barite and assoclated sulphides by ascénding_heated watens
;of igneous origin. - )
' W. M. WEIGEL in 1929 published a complete sumnary
of the barilite deposits of Missourl, and also gave hils inter-
pretation of thelr genesis. He did not support the magmatic
origin propqsed'by many geologists because of the structural
features of the deposits. The barite, together with chal-

cedony, chert, and drusy.quértz, supposedly contemporary
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according to WoIGIL, 1s genetlically felated to descending
- waters. Galena, frequently present as crystals enclosed in
the barite, is considered to be of earlier deposition. |

C. L. DAKE's paper on the geology of the Potosl and
Ecdgehill quadrangles was completed in 1930. Ihe problem of
the genesis of the barlte was considered, and four posslble
theorles to explain 1ts origin were advanced: f(l),descending
cold solutions; (2),ascending cold solﬁtions uﬁder arteaian'
head; (3),ascendiné hot solutions from deep-scated hidden
1gneoue sources; and (4),original deposition in colloidal
form, along with disseminated silica, from sea water." (p.204)
“The complete absence of barite in the residual soll of ﬁhe
Gasconade “formation, overlaying~the Potosl and Eminence, 1is,
according to DAXE, a strong'point against the first hypothesis
The presence of an impermeable horizon below the Potosl
formation (Davis formation) 1s one of the .evidences against
the second and third theories. After the exclusion of three
out of four theories, the author emphasized that the barite
was syngenetically deposited as colloidal barite from sea
water during the formation of the enclosing sediments.

W, A. IARR who 1in 1918 had already proposed a magmatic.
‘origin for the barite deposite of Missourl, in 1932 after the
discovery of a veln of barite 1n the granite of Irom Coonty,
some fifty miles south of Potosi, stated: ’ _ |

The occurrence of the barite vein in the granite (which
undoubtedly also occurs under the sedimentaries in the
barite district of Washington County to the north) 1s
confirmatory evidence of the conclusion, prevliously

reached, that the solutions which deposited the barite
in the dolomites of Washington County were of magmatic
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origin., The soclutlons depositing the veln and those
responsible for the barite deposits to the north were .
undoubtedly simlilar, though as the latter deposits were.
stratigraphically higher the solutions depositing them
were undoubtedly cooler. However, although both deposits
are of magmatlic origin, they may not have been deposited

by solutions from the same part of the magma; which would .
account for the minor differences in mineralization (p.447).
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TATLE I

CHRCNCLCGICAL LIST CF LITZRATURE ON BARITE AND THECRIES OF ORIGIN

Author-Year Locality Bedrock Crigin

North Carolina Granlte-Feld- epl-hypo: magmatic

KEITH (1904%)
, spar-Quartzite solution

WATSON (1207) Virginia Limestone epl-super:meteoric
: . water
BUCKLEY(1208) Missourl Limestone- epi-super:descending
_ Dolomite solutions
HAY=S-PHALEN Georgle Limestone- epl-super and hypo:
(1208) Dolomite percolating of surs
. face waters and ther-
mal spring at depth”
HOLTHEDAL (1909 )Norway Sediments Cam- cpl-super: }ater cir-
o bro-Silurian culating solution
STEZL(1909) Missourl Limestone- epil-super and hypo:
Dolomite ascending or descen-
: ding solutions
FCHS(1913) “Kentucky Limestone epl-hypo:ascending
o . solutions
GRASTY(1913) Alabama Dol. Limestone epi-super and hypo:

descending meteoric
water, thermal spring

WATSON-GRASTY Applachlan Sedimentary & epi-super: }leaching

(1915) States cryst. rocka from shallow water
S circulation
RHIES(1916)  General Sediments epi-super:leaching
‘ from aqueous solu-
tions
TARR(1918) Missourl Limestone- epl-hypo:heated wa-
. Dolomite ter of igneous ori-
i gin .
GORDON(1918) Tennessee Dolomite epl-super:water so-
- , : : lutions
Georgla Limestone epl-hypo:thermal wa-

HULL(1919)

ter solutlions



LINDGR:ZN(1919)
WEIGEL(1929)

DAKE(1930)

ADAMS(1931)
ROBINSON(1931)
TARR(1932)
STUCKEY-nAvis

(1933)

ENGELHARDT
(1936)

LAURENCE(1939) .

HADDING(1939)

EMERY-REVELLE
(1942)
SCHNEIDERHOHN
T (1948)
RAGUIN (1949)

TABLE I (continued)

General
Missouri

Missouri

Alabama
Kentucky
Mlssouri
North Carolina

Germany &
General

Tennessee

Sweden

Califormila

Odenwald
(Germany)

France

CCNFCRTO (1950)Italy

MURTHY(1950)

India

Sediments

A Limestone-

Dolomlte -

Liﬁestone-
Dolomite

" Limestone-

Dolomi te
Liﬁestbne
Limestone-

Dolomite
Cryst. rocks
Dolomlites
Limestones
Sandstones
Dolomil te

Shale-Lime-
stone

42

ep14super:meteorio-
waters
epi-supers: descending
solutions

syn-super:coiloidal :
barite from sea wa-
ter

epi-hypo: magmatic
emanations

epl-hypo: pagmatic
solutions

epl-hypo: magmatlc
solutlions

epl-hypo:magmatic
solutions

syn-super:weathering
through descending
solutions

epi-hypo: ascending
thermal water

syn-? : concentration
in place

Recent marine cen-hypo: hot springs

sediments

Sediments

‘Liassic Se-

diments

Conglomerate

Limestone

rich in barium and
sulphate of sea water

syn-hypo: ascendlng

"gsolutions

epi-hypo: ascending
solutions

epl-hypo: ascending
hydro t.herma.l solu-
tions

epi—hypo: ascending
barium solutions and
descending sulphate
solutions



PETRASCHECK
(1950)

STPRMER (1953)
MURAWSKY(1954)
NICKEL (1956)

WEEKS, et al.
(1957)

TABLE I (continued)

Meggen Dep.
(Germany)

Nofway and
Sweden

Qdenwald
(germany)

Me ‘ gén Dep;
%Germany)

Coiorado

Sediments

Limestones-~

‘Shales

Sedlments

Sediments

Sandstones

43

syn-hypo: ascending-
solutions
syngenetic substitu-
tion (%)

syn-hjpé: ascénding
solutlions

syn-hypo: volcanlc
exhalative solutions

syn—hypo: #olcanic
emanations



CHAPTER IV

DETAILED OBSERVATIONS

Definlitions of terms used

S ‘AA‘Study of the geometry of the deposits; of the
geochemlétry of barium and of some factofs of loglc, which
influenced the final interpretation, is offered in the
following pages. |

In order to reach a chciusian which is as inde-
pendent'froﬁ'previbus_theories as posslble, and furthermofe,
in view of the highly controversial nature of the topic, an
attempt 1s made not to introduce geometric and geochemical
terms wlth genetlc connotations. Such sets of terms have
been offered by NIGGLI 0948,A1954) with regard to complete
rock bodieé, and ByAAMSiUTZ-(1956j on individual intergrown
grains. - » T
In the literature the terms "vein™, FVeinletsb,

fmaéées?, fstringersf, and Preplaceﬁentsf afe_used.fér_
barite 5ccﬁrrenpes in bedroék. ‘According to HﬁTTON |
(PLAYFAIR, 1802;A§. 67) veins are fﬁfaverSingvtﬁé sﬁrataﬁ;
The AéI'Glossary (19575 offers various définitions, the
écientific ones of whiéh all imply crosscutting relationshlips.
BERINGEEFMURAWSKIfs Geologlsches Wirterbuch (1957) defines
'beiﬁs as small djkes, thus also implying a«cfosscﬁtting_

relationshlip of elongated body through a bedded or homogeneous
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mass, C. M. RICE (1940) in the "Dictionary of Geologlcal
Terms", defines a veln as an ﬁirfégular slnuous injection
or a tabular body of rock formed by deposition from solu-
tions rich in water or other volatile substances".

For the purpose of a deeper genetlc undérétanding
it is thus necessary to create a specific termihoiogy.

Terms like "spot", Mamoeba-like mass", or 9patchﬁ_appear
to be most appropriate and have the advantage of no genetic
connotatlon.

In a few cases 1t is possible that some connected
spots or patches almdsi form a stringer. There has not
‘been found any reason to use the term "vein", inasmuch és:»
in none of the outéfops cou1d be foundha coﬁtinuatién of
-the déposit in the foot wgll or in the hanging wall.
NIGGLI's classification of rock fabrics offers such simply
geometfickéonnotétiqn-free terms as ﬂphlebite? and "meris-
mite" for the'te;turés observed in the Misséuf; bedrock
bériﬁe_depqsits. ) |

Thé drawings that are useful for the barite deposits
studied are nos. 3, 4, 5, 6, 1n table 2. Thls chapter on
 the detalled observations 1s divided as follows-»

- Geometric observations R -»i ‘*~”,--‘ *~,*C“h”;’
' Barlte in coherent bedreck Coo T
Barite in the matrix of the dolomite breccia ‘
Barite 1n complex arrays
Observations on crystal growth
Geochemlstry
Geochemistry of barium

Geochemical observations
General rules of loglc
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TABLE II

THE NIGGLI CLASSIFICATION OF ROCK TEXTURES

Vi A
TN/
s

2) RN

-

(5 (6) (7) (8)

Purely geometric nomenclature of rock textures
free of genetlic interpretations, For chorismites or chorismatic,
polyschematic rocks or mineral deposits (= rocks which consist of
two or more textural units).

| and 2 = Stromatites 7, 8, 9 = Ophthalmites
3 and 4 = Phlebites \ (8 = Miarolithite)

5 and 6 = Merismites - 10 = Nebul ite
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Geometric ObSArvations
o The cccurrence of borite and .assoclated sulphides
in the Potosl and Eminence formations can be classified
into three principal types, but this subdivision into types
1s‘maée only bccause of convenlencé. The trensitions
between them are actually completelymgfadaticnal, a8
vislble both in the outcrops and drill cores.
Barite in coherent bedrock |
The term cohereanti is here used for those por»ions cf
the dolomites or other sedlments wqicn are not broken up
into pleces walch are separated by a matrix. Barite in
coherent bedrock 1s present in all the outcrops as irregular
phlebitic masses, somé'centimeteré wlde and several centi-
“meﬁers long. Tuese rasces are usually oriented in a hori-
zontal plape. If the ﬁorizontal portions are compared with
the vertical onéé, leaving out the inclined or highly curved
segments, the horizontal pqrtlons outnumber the vertical
dnen by about two to one. Thils gives the general 1mpressioﬁ
of somewhat_bedded.nature to the scattered patches of barlte.
The same tendency to horizontality is conspilcuous
where there are large masses of barite in tha bedrock.
These masses senerally have a dlameter of 25-35 cm., some-
times one of the two dimensions being much greater than the
other. The maximum dimension, in this particular case, 1s
always along the horlzontal plane (see Figures 10-11a,11b).
This type of barilte occurrence is quite widespread At the
marein of the brecciated or type 2 barite deposita, there



| 48
are perfect transitlons between the twd gecmetric forms.
Type one geometry occurs for example 1in the upper

parts of the drill cores of the Krueger pfoperty (logged

by the aﬁthor in the U, S. Bureau'or Mines Core Library of
Minneapolils). V o

Barite in the matrix of dolomite breccla

The second geometrlc type dlffers from the first one

with regard to the inverse role which the barite and the

dolomite play. In this case the dolomite 1s incoherent,
whereas the bérite and other matrix materials are coherent,
As stated above, type bnevgeometry corresponds to no. 3 of
the NIGGLI-textures, whereas type'two geometry corfesponds~
to type no. 5. Texture no. 4 is transitional (see Table 2)

| The lateral extenslion of one of the outcrops,
exhibiting this second type of deposit, 1s shown in Figure 4,
From the same picture the complete 1ack of barite in the foot
wall is seen.. - A |
. Thin crusts of limonite are often observed at the
contact‘ﬁétween the barite and the bedreock in the outcrop
north of Missouri Highway No. 8., The limonite (see Figure
7, 8a, 8b, 9a, ob) 1s also present between dolomite "blocks™
where no barite is found, formlhg the same iaoxwork _pat:tfem‘ ’
as when "cemented" by barlte or barlte and limonite (see
Figure 9a, 9b).

| Limonitic boxworks are also seen on exposed horizoq&al

outcropa, parallel to the bedding of the dolomite, being

‘evidence of the boxwork pattern in three dimenslons.
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The origin of this llimonite 1s discussed 1éter.

In this type of occurrence as well as 1n;th¢ first
one, lafge crystals of galena are frequently assoclated with
the barite and occur always in the center of barite~ma§§es.
In only one case, out of about iwenty where galéna wa.s
found wilth,barite, dld 1t occur in a vertical portion of
the network. In a2ll other cases galéna occurred in larger
barite masses which are the knots of the network.

A relatively high amount of greeh shaly materlal 1s
always present elther in the outcrops of in the drill ceres
studied (in the massivé_beds overlaying the Krueger property
breccia); This shale occuples small fractures, vugs, stylo-
litic féatureé. Sometimes the shale is assoclated with. the
ore milnerals and occurs right above them,

‘ An XRay text was performed by Mr. Krisnaswamy of the
Missourl Sbhool of Mines and Metallurgy on a sample’ of thils
material collected by the author. The results bring to the
cdnclusionuthat this shalewcéhsiats'of a mlcaceous mineral

belonginé.to iron-magnesium mixed layer type. |

In a few cases muddy calg¢areous materlal is present
in the ﬁpper-parts of vertlical networks of the-breccla, and
it is assoclated mostly uithibaritg and sﬁélg (see Figure 12a,
12b). | | ‘ -
Barite in complex arrays

By complex arrays 1s meant _a complex rock.both in a
mineraloglcal as well as in a geometric way. Geopetrically

thlis breccla showa.various‘generations of brecclatlen.
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Previously cemented brecclas are broken a second or third

time. The mineraloglcal variation 1s described later,

garite associated'with 1ead; zine, and iron sulphldes
1é preséht_iﬁ the dolomitic and cherty breccla representing
the mineralized'porﬁion of the Kruéger‘property; .This
breccla consists of angular fragments of dolomite and chert
of different shapes and slzes. The slze of these’frégments‘
veries from about one to ten cm. The color of the medium-
grained dolomite 1s prevalentiy 11éht-gray, and it changes
to pinkish-brown durlng weathering. The chert is always of
a light-gray color. It occurs in_the'breccia Seen in fhe‘
dﬁmp as weli?as in pqrtions of theloutcrop close to the
shaft of the'property. ~Barlte occurs assoclated with sphal-
" erite, marcasite, and galena'as nmatrix of this dolomitic,

cherty breccia (see Flgures 13, 14, 15).

gglena.is présent as crysﬁals-or crfStgl aggregates.
‘1nside iﬁe bérite and never occurs in layers 6r in shell- |
-iike patgerns around the fragments of the breccla., The
analyses of the drill cores did not show any appreciable

-amounts of lead,

Marcasite is fairly‘abunGAnt either as massive, or

smaell grained aggregates conslsting of idiomorphic drusy
crystals. It occupies th1n layers, éoatingvthe dolomlte
fragnents of.small vugs and holes of the breccla. A

" botryoldal form i1s also present. In a few fraémenté of

'the breccle, marcaslte 1s present 1in a disseminated’form.
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In addition, it was sometimes seen in vugs outside thils
breccla and then as a rule covered the bottoms of vugs. A
detalled discussion of the paragenesis will be given in the

next chnapter.

Sphalerite 1s the most abundént sulphide present.
Generally 1t occurs in a massive f&fm and not as crystals,
surrounding the fragments of dolomlite and chert. Sometlimes
1t occurs also as small crystal aggregates either in holes
of the breccla or as dlsseminated spots in the dolomite
itself. In some specimens and in a few parts of the drill
cores studied,‘sphalerite assumes the typical crustaceous
texture (Schelenblende'in german).

Observations on crystal growth

A wealth of cdetall observations on the growth of
individuel crystals and crystal aggregates could be made.
Cnly a few baslc ones, with a bearing on the genesls, can
be mentioned in this connection. When making observations
on fhe slze, the shape and growth texture, as well as the
crowth directlions cf the barite crystals the following
details were noted: Coarse grained crystal aggregates of
barlite are present in all three types descrlbed above and
1llustrated in figures 16a,16b, 17. In some occasions the
crystals are cf considerable size (up to 15 cm.) and some-
times form starshaped arrays, occasionally ending in a drusy
cavity.

The. genetlc ailgnificance of this crystal growth 1s

discussed below. In the drill cores from the Krueger property;
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ih‘about ten places, small and dellcate . crystals of barite
ococupy 1solated spots on quartz and chalcedony or dolomite
crysﬁals}at the bottom of the small vugs (see Figures 18,
1%a).

In most eases,observed in therdrill cores of the
property, the distribution of barite and marcasite in the
matrix or ln the vugs between tﬁe doiomite breccla pieces'
grew from the bottom and.reflects thﬁs’its‘strong deenden¢é

on the gravity Tield. -



B

b.

2.

Figure 12 2, b - Top-tottom feature in a plece of the drill
core of the Krueger Zinc Deposit.
Wnilte spot on tottom is barite, next pcrtion

(2cbout 6 cm.) is calcareous mud, the urper-

ncst portion (dark fiscure filling 1s shaly

material,

Location: hole 38,184 feet depth, U. S.

Bureau of Mines Core Library, Minneapolis,
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Figure 13 - Barlite-sphalerite-marcasite as matrix of the
dolomitic breccia of the Krueger Zinc Deposit.

Location: Dump south of the pit shown in
Figure 2. :



Figure 14 -

-

Barite, sphalerite and galena as matrlix in the
breccla of the Krueger Zinc Deposlt.
Location: Hole-34,lg6 feet depth, U. 3. Bureau
of Mines Core Library, Minneapolils.
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Figure 15 - JSamples of the dolomltic breccla of the Krueger
Zinc Deposit,
In the sample tc the right, the sharp edges of
the dolomite fragments are vislible; at the left
a view on a plane cutting almost excluslvely
through the sulphlide matrix 1s exposed, mostly
wlth marcaslte and sphalerite. Both are
slightly oxidized to limonite.
Location: Dump south of the pit shown on Figure 24



Figures 16a, 16 b - Eladed crystals of barite in the outcrop

. ‘ on the Hormsey ZErothers Mining Company,
southwest of Potosi (Section out of
Flgures 2 and 3).
tne crystal cavity showing centripetal
growth of barite 1s seen in the marked
area on Flgure 1l6a and 1s enlarged on
Fligure 16b, :
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Figure 17 - Crystals of barite in a cavity in the center of
a matrix portion of the breccia of the Krueger

Zinc Deposit.
Location: Large block on the dump south of the

pit.
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a.

Figures 18a, 18b - Thin crystals of barite at the bottom of
- ' small vugs in the drill cores of the
- Krueger Zinc Deposilt.
Location: hole 34,165.5 feet depth, U. S.
Bureau of Mines core Library, Minneapolls.
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Flgures 19a,

a.'

19b -

- b.

’

Crystals of barite and massive barite
assoclated with marcasite at the bottom

of vugs in the drill ccre of the Krueger
Zinc Deposit.

Location: hole 42,156 5 feet depth, U. S.
Bureau of Mines Core Library, Minneapolls,
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Agﬁochemistrx

This sectlon 1s divided into two subdlvisions: the
first glves a general revliew of the geochemlstry of barium
and barium compounds as advanced by several authoritlies as
ENGELHARDT (1936), SVERDRUP, JOHIZCH and FLEMING (1942),
EMERY and REVELLE (1942), RAKAMA and SAHAMA (1950),

P. NIGGLI (1954), E. NICK:L (1956) and others. The second
contains the geochemicél observations of the author on the
barite deposits of southeastern lilssourl.

Geochemistry of barium and barium compounds

Barium belongs to the geochemical group of the rarer
elements (see P. NIGGLI, 1954, p. 50-51). Although it 1is
relativelj rare, 1t forms 1its own mineréls, besides occurring
in camouflage or substltutlion positions in major minerals
such as K—feldépars. The average content of barlum in the
earth's crust is about 0.08 per cent and in sea water 0.05
mg/L as reportéd by GCLDSCHMIDT (1937, Re. SVERDRUP, JOHNSON;
end FLEMING, 1942). RANKAMA and SAHAMA (1950) reported a
value of barium of 0.05 gr/ton while BORCHERT (1950) mentions
a considerably lower quantity. In table 3 1s given_a value
of 10 mg/ton = 0.000 001 % of barium. In the same table
the averages of Ba0 for all the‘common énd.many rarer types
of rock are gilven.

Of a different opinion are REVELLE, BRAMLETTE,
ARRHENIUS and GOLDBERG 1in thelr publication of 1955. These
authors do not acéept the values glven previously and at

pP. 229 of their paper stated:
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Strikingly high concentrations of barium are found in
siliceous sediments fringing the calcareous-ooze areas,
Though barium usually renges between 0,05 and 0.30 per
cent in pelaglc sediments, the concentration here rises
to 1-2 per cent. Barium has never been detected in sea
water, but an upper limit of 0.1 part per million has
- been established by spectroscopic methods. A possible
explanation of the high concentration in the siliceous
ooze 1n that minute amounts of barium in the calcareous
skeletons of marine plankton become concentrated when
calclum carbonate l1s dlssolved, because of the relatively
low solubility of barium sulphate. High-barium concen-
trations would be expected in areas where the rates of
both depositlon and dissolution of calcium carbonate 1s
high. The concentration of barium may thus be a measure
of the rate of dissoclution of calclum carbonate, a
variable which has not been previously measurable,.
Barium as a substlitution element is mostly concealed
in rockiforming,minerals of lgneous origin, the highest'
content béingffound in roCks of the syenité family where
- Ba®t 1s aontained in the’K-feldspafs; It was also detected .
in pyroxeﬁes in granite;'-AHRENS (1950~195l) reports'a
BaO-average of 1450 g/ton in granite, and a BaO-average of
213 g/ton diabase. AMSTUTZ (1953) found 1000 g/ten in
Permian quartz-porphyries in the Alps and only 300 g/ton
in the spllites associated with them.
Potagsium bearing minerals are the most favorable
for containingvbarium, because 1ts lonic radius (1. 43 kX)
enables 1t to substitute for potassium (1onic radius 1. 33 kX).
Barlum forms 1its own minerals during the last phase of |
magmatic differentliation. l
Some authors derive barium from weathering solutlons,
others assume that it was extracted from.previously=fbrmed
igneous rocks by a hypogene solvent action of hydrothermal

solutians.
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In the‘exogenetib cycle, barium can be found as
bicarbohate, chloride, or sulphate obtained.by weathering
'of barium bearing rocks.. The blcarbonate and the chloride
are the most easily transported in the solutions whiie the
sulphate 1s only very slightly soluble and only slightly
attacked by atmospheric agents. The solubility of the‘
" sulphate, however, can be 1ncréaséd 1f the waters leaching
the barium-mineral-bearing rocks contain a small amount of
hydréchloric,acid or chlorides of ﬁhe alkall metals (see
RANKAMA and SAHm, 1950, Dp. 480). "

Several-controversial expianations were offered for
the pregibitation of barium in sediments. ENGELHARDT (1936,
Re. RANKAMA and SAHAMA, 1950), RANKAMA and SAHAMA (1950),
and others stated that bariuﬁ precipitétes eaéily éuriné
the formation of the clay minerals. Among the dlfferent
types of clays those which contain barium or barium compounds
iIn greatest quantity arevthé ones deposited relatifely near
the'coasts in comparison wlth those at the bottom of the
oceané. |

This property of accumulation of barium in relatlvely
éhallow'clays 1s said to be mostly due to the M"adsorption®
properties of the claya. In the Hofmelster series, barium
is one of thé‘eleménts which shows a relatively high tendency
to Madsorbabllity" and this property is related to its lonlec
poténtial (= 1.110) and 1ts ionic radlus (1.43 kX). Here
too, the rélatiohship between K and Ba becomes evident,

‘The enrichment of the ciays of the lithoral zone in
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barium, redﬁces considefably the quantity of the element
stili in solution, and consequently only small amounts of
barium may be carried tQ the open oceans. Anaiyses of
several samplés show a maximum of 0.022 % of BaO in the
red clays as ageinst the 0.047 % of Ba0 in the near-shore}
clays. |

Limestone, dolomltes, and other carbonate sedliments
usually show a very small amount of barilum. This 1s dﬁe tb
the small guantlity of barium avallable during‘their formation
and, also, according to ENGELHARDT (1936), to the absence
of dladochy between barium and calcium.

Bgfium sulphate concretlons have been found in varlous
sedimenté, and the symmetrilcal growth-form of barite described
as ?rosettes? are well known. Barlte concretions in recent
marine sediments were reported close to the west coast of
Ceylon at 1235 metefs depth, near the Kal Island in the Dutch
East Indles at a depth of 304 meters, and near Catalina
,»_Island close to the coast of California at 800-650 meters.
depth; as stated by SVERLRUP, JOH:NSCN and FLEMING (1942).
EMERY and REVELLE (1942, Re. SVERDRUP, JOHWSON and FLEMING,
ié#é) belleve that the formation of these concretions could
be formed by the interactlon between barium contalned in
hot spring watérs and the sulphate content in the‘sea water,

E. NICKEL (1956) studied the possible formation of
pyrite and assoclated barite in the Meggen deposlt in Germany
in great detail, énd published a number of papers on this
problem.‘ The posslbillities of pyrite and barite formation
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in 2 gedlmentary basin are shown in Flsure 20 waich 1s
copled from nhis last paper on the Meggen deposit. The
illustration is reproduced in order to avoid misunderstandins;
The conclusions reached by NICKIL are reported in full from
P. 134 of his publication:

ﬂb sicn in Legerstdtten wie Meggen oder Rammel berg
zelchen eines starken Temperaturgefalles Wi end der
Forderperiode finden, kan man von ejnen "exhalativen
Telescoping" sprechen. In diesen Fallen.is auch die
z.B. 1n Santorjn beobachtete Folge FeCl3-FeCO3-FeSp auf
unsere Lagerstatten ubertragbar, im Sinne der auch sonst
beobachtbaren Erzfolgen (z.B. Lahn-Dill-Geblete
Spatelgen folgt auf hamatit- spate Sulfide in Elsenkar-
bonatgangen usw.).
Wehrscheindlich sind in Meggen schon die ersten
Lieferungen nlch}, HoS-frel gewesen, so dass gemlschte
Hydroxid-Sulfidfallungen stattfanden., Stetlg verschodb
sich die Lieferung zur HpS-Selte, wodurch sich die
Hydroxide vollstanding 1n Sulfide unwandelten. Im-
Schema kopmt man von links nach recQts, der niedergeschlagene
Schlamm jurde dann auch noch nachtraglich mit HoS
durchstromt worden sein. Unsere Mainung 1st also, dass
das solfatarische Stadium zu steril ist, um eine Lagerstgtte
vom Ausmasse lMeggens kurzzeitig und engraumig entstehen
zu lassen, und dass man deshalb den 1im Sinne v. Wolffs
fumarclischen Exhalationzyklus hinzunehmen goll. Um den
Megcoener Verhalunissen gerecht zu werden, musste mgan also
das Schema der Abb. 1 so verandern, dass dle schrage
Cl1-802-CO2-Achse senkrecht zy stehen kommt; gerade das
ware dann charakteristisch fur exhalatives Telescoplng.

Iy ganzen gllt, was SchneiderhOhn fur die hydrothermalen
Losungen schon 1S41 unterstrich: "Man hat oft angenommen,
dass dle Schwgrmetalle auch in Form von Alkalldoppel-
sulfiden 1n Losung selen, Das schelnt nach neueren

. Befunden 1mmer mehr die Wahrscheinlichkelt zu-genommen,
dass Chloride und Fluoride der Schwermetalle glne grosse
Rolle splelen und dass dle glelchgewlchtsverhgltnlsse
dieser Losungen mit der gelosten freien HoS fur dle
Ausfallung eine aussch}aggebende Bedeutung haben" {p.303).
"Zur Beurtelilung der Natur der hydrothermalen Losungen
lassen sich die Fldssigkeiuseischlﬂsse verwenden. In
allen untersuchten: PbS; und ZnS-Proeben der verschiedenen
hydrothermalen Lagerstatten kommen nur Na und etwas
CaClo in einer zlemlich konzentrlerten, wadssrlgen L8sungen
vor" (p.301). ~ .

Wir haben uns schon dahingehend geaussert, dass wlr uns
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slle Absitze entstanden denken nach vorausgegangener
immlger Verie}lung im Meerwasser., Dle nach dem Absatz
noch welter tatigen H2S-Quellen erzeugen die Bilder
primdrer Bildungsunruhe, reichern zuglelch das Sediment
an Sehwefel (FeS--Fe8p) und bewlrken nun erst, nachdem
das Ba ausgetreten ist.umdals L8sung Uberateht bzw. zur
Seite éewandert ist, dle erh8hte kollelddlagenetische
Agilitat des Koagelschlarmmeg, der nun zu der von uns 1lm
Versuch reproduzierten~Gekr83est tur kommt und die
tepochemlische Strukturleruang erhalt. - Nach der Oxildation
zum Sulfat fallt das Ba als BaSOj4 aus. , '

Es 1st denkbar, dass auch dle Art der Barytausscheldung
durch dle spzten (in bezug auf das Eisen immer steriler
werdenden) HQS-Ausstrgmungen beeinflusst 1st. In dlesen
Zusammenhenge sind weitere Untersuchungen zum VerstZndnis
der Barytstruituren im Gange. _

Die Men:igfeltigkelt der Strukturen und Texturen im
Mcggener Lager 1st also bedingt durch eilne Koagelfallung,
durch dle ausschligssende Kollolddliagenese und durch
metamorphe Ueberpragungen an schon verfestigten
Niederschlasen. Die getrennte Lagerung des Pyrits und g
des Schwerspates 1l&sst sich auch dan vop chemischer Selte
ner verstehen, wenn man glelchzeltige Forderung von Fe
und Ba 1n den Ablagerungsrazum hinein annimmt., Mit Hilfe
von Fallungsversuchen wurden dile Bedlngungen
herayégezrbeltet, die man den Vorsiellungen ueber )
Erzforderung und Erzzbsatz zugrunde legen muss. ’

Geocnemleal observations
The chemicel environment of deposition of barium and

barium éompounds - syngenetiéally during sedimentation, or

- epigenetically in porés and fractures of the bedrock - 1is

&etefmined by tiic characteristics of environment of deposition,

or of the bedrock and/or possible fluids (groundwater, etc.)

in which and/or from which it forms. | |
Some observatlons were made in the fleld and are

reported below,

Baslc cnvironment: The environment in which the barite,

ﬁiséussed 1n‘thié thesls was formed, was probably always

baslc since the host rock consists of carbonates. The water
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Figure 20 - Scheme of introduction and reactions of marine
exhalative iron deposits.
(Drawing and translation from NICKEL's paper
1956, p. 102-103).

If in a water basin, which contains partly neutral water,
partly hydrogen sulfide water, and rartly ammonium sulfide
water, (punctuated formulas) springs appear, the following
types of reactlons take place as causes of chlorlde emanations
(from left to right in the scheme):

l. Discharge of FeClz at high temperature into the water,
Feo0z and HClL form according to the Stirnemann experiment.
This " reaction coupled with the formation of 810, from
S81Cly, ls assumed to take place for the formation of the
Lahn-D111 Ores. Because of required partlal pressures for
FeCls, temperature values of at least 300°C have to be

. Supposed,
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2. At low temperature (by way of FeQCl) hydroxide forms.
The hydrochloric aclid has to be neutralized for complete
precipitation., For that reason, ammonlacal water 1s
necessary. In presence of hydrogen sulfide, already
precipitated hydroxides would be completely transformed
into sulfide (arrow to the right!).

3o If one assumes a complete reaction between chlorides and ,
H28, which took place already below the surface, colloldal
sulfides would be discharged at the effluence into the sea
water. M"The principal Zgent in deposits, which acts in
such a way, 1s probably HoS . It peptlzes metal sulfldes
ehd can, through the discharge of pressure , . o €scape
rapldly. The sulfide flocculate out rapldly and form
small but rich deposits.," (SCCHNEIDERHOHN, 1941, p.274).
The HCL which forms 1s neutrallzed by NH3, , _ .

4;ffinaily 1t 1s possible that chlorides penetrate into water
containing ammonium sulfide, and that in this way, sulfldes
precipitate there while the freed acid i1s neutralized.

Reaction-mechanlisms as described in paragraphs 2 to &4 are
posslble for the formatlion of the pyritlc deposits of the
Meggen type. The other posslbllity of formatlon of larger
masses of iron 1s famillar to us from siderite deposits. Also
in the formation of hematlte deposits (see above) follows a
carbonate phase after an oxidation phase., Such solutions are
in a less Intimate relation with the magmatic emanations,
according to the classification of von WOLFF (1914).

On thls basls the axls Clp-80,-C0o in the scheme, by which
the sequence (Cl-3-C0x group 1ls symbollzed, was drawn as an
Inclined ascending line, '

Here also are several*possible;#variatiqnsz'

5. Discharge of iron carbonate in the water causes hydrolysls
and precipitation of hydroxide, BSecondary actlon of HpoS
is possible (arrow to the left). .

6. In the same way as in 3 it can be assumed that a reactlon
with HoS takes place already in the dlscharge channel « «
o e o- ¢ ® & ¢ o0 o o e & o ¢ o [ ] e & e o .0.70 ., e o @
+ o In the scheme Fe8 1s always written for the iron
sulfides, according to the primary preclpliatlon-product
in lgboratory-experiments, One has to take In account
also FeS, FenS8z, FeSo. Barium hes entered as Ba®*-lon 1n
order to show %hat at the beginning 1t does not enter
into the precipitate but reacts later with 30 (which
formed meanwhile). : '
BaCOx 1s written only in the right part of the basin: in
an alcaline medium the entire barium would preclpltate
(double arrow pointing to the bottem); in neutral martne
water it 1s only partlally precipitated (double arrow
polnting to the top). : )
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The individual zones In the ocean water are marked in the
schematic drawing in a way which can be expected in lagoon
type depositlons which are belng invaded by Hgs-springS° '
surficial and marginel neutral water (marked Hp0) surrounding
an emmoniacal zone (NH3 ag,)s In proximity to the spring
high hydrogen sulfide. concentration (HaS aq.), on the border.

agalnst the ammonlacal zone, there is. a transitional region
of ammonium sulfide water (NHA)o2S aq. . |
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of the surface circulatibn is also of a basic composition,
The sedimenfs deposited and»leached by s@;fiéial waters
consist of a éalcareous and dolomitic rock whiéh cause an
in§:}ease of 00; in the water. The baslcity of thevwaters
makes dlfficult the solution of‘barium compounds that may
be contained in the formations, As evidence for the |
absence of solutions capable of dissolving BaSO, the very
large amounts of barite present as insoluble residuum in

the sdils formed by the decay of the sediments can be

mentioned.

Presence of chert: The presence of chert means that silica,

éithef.in'highéf-dilﬁte or in a collolidal state, was
avallable and was‘precipitated elther syngenetlically or
epigenetically (see beiow). | NKAMA and SAHAMA (1950) report
that‘silica conéentfates ﬁostly when the pH'is rélatively low.
It weas alsp‘dbserved that the major conceniration of sllilca,
both as chert, quartz or Qhalcedony,'is found where sulfides

are present.

grain size of the dolomite: The bedrdtck dolomlite shows a
éébtain relationship betwéen its grain size and its ore
mineral content., When dolomlte contains a relatively large

amount of barite, the graln size 1ls large to medium.

Deposition of limonite: Limonite is deposited in 1lnterspaces

of the blocks of dolomite in the breccia whether or not
barite or other minerals are present. This limonite may

fdrm during Weathering of the sediments either as concentrations
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from the adjacent dolomite or as transported limonite from
subjJacent formatlons. | _

Meny other observations could be 1listed. The ones
mentloned are, however, belleved to sérve as é sufficlent
geochemical baslis for a diséﬁssion br the nature of the |
barite and assoclated sulfide deposition, in the frame of
this thesls,

General rules of Loglc

_ .iGenerally, tﬁe approacn to a-natural phenomenon
for whieh 2 numﬁer of more or 1ess'dosmat1c theories have
already been proposed, 1s influenced by these theorles.
The"gengéis of barlte deposlitis 1s an example., In thils
paper a‘éolution evolved, through the appllication of a
number of principles, based on assumptions which are
consldered to be rmiore logical than others.

The. euthor has reached his assumptions on the basis
of observations and criteria'collected‘and, as much as
possible, has tried not to be influenced by previous
theofies offered.

The weight, importance or significance of the
observaiionsrand criteria applied have, however, a relative
value, 'Princiﬁles of prebability, as logleally applled as
possible, were also taken in consideration.

On the preceding pages and in the following chapter
are 1llustrated the observétions and criteria used, and the
concluslons have>been reached through their correlation.

It is accepted that in any problem in which the
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possible solutions can be several that solution has the |
highest probabllity which can be reached by the assocliation
»of the fewest number of necessary assumptlons AMSTUTZ (1959&);
For example if the possiﬁiégééiuiicns'to a problem ébe three
and the number of necessagz assumptions is so distributed-

Solution A o Solution B 5 Solution €
3 agsumptions 5 Assumptions T Assumptions

in terms of probability, the solution A is closer to reallty
than the other two mentloned, provided the agsumptions are
of the same weight;

The same principle presentéd above was used in

reaching the conclusions of this study.



CHAPIER V

DISCUSSICN ON THE~OBSERVATIONS IN VIEW CF THE VARICUS
POSSIBILITIES CF ORIGIN

Definitions of terms used

The discussion of the genesls of the studied deposits
1s based on a critical review of the observations illustrafed
in the preceding chapters and on a comparison with the
dlfferent theorles as repqrted In the literature,

The dlscusslon of the genesls of barlte and assoclated
éulphidé deposits of the Potosl quadrangle and of the
Washington County'in general, 1s divided into two parts:

-- time and sequence of deposition (paragenesis)
-- origin of the ore-bearing flulds.

With regerd to time and origin, there are two main possi-
bilitles of mode of formatlon, or origln of the ore matter,

respectively:

TIKE CRIGIN
Eplgenctic Supergene
Syngenetlic Hypogene

The four possibilities of Qrigin of a rock or mineral
deposlt are thus:
1. epigenetlc supergene
11. epigenetlc hypogene
1ii. syngenetlc supergene
1v. syngenetlc hypogene
A definition cf the controversial terms used in’

discussing genesls of ore deposits 1s useful for a better



understahding of the meaning'in-whiehkthese terms areeuse&._e.
McKINSTRY (1955, D. 656) writes mat“syngenet‘;cjo're deposits’
'earei ?depoe;ts'fofmed b& proceésesesiﬁiiar"to,theee_whidh o
f have formed the”enclosing‘reek aﬁd in'generalfsimﬁ;tgneoﬁsly‘
with'it,? and (p.‘638)‘that epigeneiie ore depoéits are
'"deposits of ore introduced irnto a preexisting rock
(Lindgreen). " DESIO (1949, p. 642), BATEMAN (1956, p. 70),
and others'offef the_same definitions.' For theipurpose of
this study the aboVe,@efinitions need;additions. }The‘linee
between syngenetlc'and eplgenetlic deposition 1s drawn after
dlagenesis of the sediment, I
| Previous authors have 1ntroduced in the 11terature
& eerieslgf different terms to 1ndieate the causes wh;ch
have'lead.to the'depoeition ef"the barite and essociated
sulphlde deposits both in Missourl and in other parts of the
Country or abroad (see Table I).
| Some terms, whieh have been most frequently used 1n
papers dealing with the genesis of the barite deposits,'are
listed below:
| i. magmatic solutions
11l. ascendling solutions
- - 1ii, heated waters of lgneous’ origin
. l1v. magmatic emanations : -
v. meteoric waters

vl. leaching from,shallow waters : et T
vii, descending seolutions \ "t I
viii. solutions at low temperature at shallow depth
ix. exhalative emanations - . :
x.;deposition from sea water

- In the present paper the discusslon about time and o
origin 18 based upon a condensation of the above causes as

shown 1in the_following table:
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TIME z B CRIGIN

Supergene=ore fluids from later ground water
' clrculation
Eplgenetic *

Hypogene= aeposition from eplgenetic hydro- =
” - thermal flulds by replacement and/or
open space filling

Supergene =barium and associated sulphides from.
. weathering solutions of adjacent

Syngenetic ﬁ . granltic and sedimentary rocks

Hypogene:volcanic exhalative feeding of ore
L ' flulds into the ocean

Diageneais 1s deflned in the following way by SUJKOWSKI(1958)

All those processes which turn a fresg¢h sediment into a
staeble rock of some hardness, under condlitions of pressure

and temperature not widely removed from those existing
on the earth's surface.

and AMSTUTZ (personal communication) defines dlageneslis as
e = m the process of consolidation‘of a sediment, embracing
ihe time from its deposition to the time at which it has

become a hard sedimentary rock."

-

ime_and Sequence of deposition nggagenesis)

| . The time of deposition of the barite and assoclated
'sulphide deposits of the Potosi quadrangle can be defined on
the basls of the various observations mentioned above. An
attempt has been made to set up a list of geometric &nd
geochemical ctriteria, and the conelusions are based on &
comparison between these criteria.

For a better correlation these criterie are l1sted
with capital letters and numbers. Each letter refers to the

type of criterion mentioned as Gm for geometrle and Ge for
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geochemical,

Geometrlc criterlia .

Gml) The horizontality of the"mineralized"area 1s’visib1e in
2ll the visited outcrops-as well as from'the logging of
the drill core., Elther barite or barite assoclated
with sphalerite, marcasite, and galena,>are almost com=
pletely confined to a narrow horizon in the sedimentary
formation (Figure 5).. This feature is typical for
sedlmentary rock formations and the deposition of the
minerals could have taken place in a sedimentary envi-
ronment, syngenetically with the rock formatlion itself..
It has been suggested, however, by varlous authors that’
the horizontality of the deposits may be explained by
a replacement of a favorable horizon. The possibility

" that one horizon in the Potosi and Eminence formations
was more favorable than another can hardly be defedded.
The'favorability is an éssumption.and no reasocn 1is
foered in the 1i£efature why a particular horizon
.should be more favorable than another. The lack of
eplgenetlc channelways and eplgenetlic gradlents are
striking, It 1is reasonable to use horizontalityzgs»a
criterle which strengthens a syngenetic origin, Jjust as
crosscutting relationshlips are commonly used as proof
for epigenetic origin. Also{}a replacement in a large
scaie involves later movement of solutions, and the

presence cf channelways in the overlylng or underlying
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formations would be a prerequisitelfdb such‘an origin
(compefe‘AMSTUTZ, 1959 a,_d);

No channelwa&s'bf any’eoft'extending below the Potosl
were found in proximity of the studlied deposits. The'
only place in which any sort of channelways could be
present is in the area of the Krueger property, where
the Shirley fault 1s supposed to be., The breceletion

in this place has been, by some'aﬁﬁhore, related to the
fault, and iﬁ’isfassﬁﬁed by,theSe.authors that ﬁhis'faulf
served as channel for hypogene mineralizingrsolutions,
which spread inﬁo"the.breccia and the adjacent sediments,
depositing barite and sulphides.

From the- study of the drill cores of the Krueger deposit
it is clearly visible that ‘the ore‘minerals.occur not

only in the breccia but also in the relatively massive

.dolomite. As mentioned befofe,ethe vertical'arrays of

bariﬁe, marcasite, ete.;'are all of limited extent and

as seen. in. Figure 8, these small and short vertical

-bodies, which are often erroneously called veins, usually

correspond to, ahd terminate with vertical walls of
breceia fragments. Also the symmetry of the deposit
does not show, andj:;t even suggest any relation .to the
fault (see T&blee 5, 6, T)e |

Instead of presenting rouﬁded surfaces, the ma jor pert
of the fragments ef}the dolomite and chert breccia has
eharp edges. - This fact could preve therélaﬁively'sﬁatic-
bekags ofethén;eaiments,-and the partial rounding of
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a few fragments can be aseribed to»very slight shearing
between the fragments themselves._ Perhaps thc movement
leading to breccilation originated from selsmlic moveménpa.
The rcundness of a few fragments can, however, support
‘the thesls of the epigenetlsts who may interpret them
as replaéement criteria.ﬂ Roundnesé may be due to
mechenlical abraslion of the corners of the brecclila
fragments. Replacement 1nvolveé dissolutidn and thus
~corrosion, ana requlres removal of old and deposition
of new matéerial from & centfal point, line or plain, as
drawn In Teble 4, Figure 1. The following observations,.
show that the roundness 1s due to chemical action, it
mﬁét nave been a solutibn and not 2 replacement action;
The large nuapber of caviﬁies present in the breccila

and in the more compact dolomitic rock shows 2lways a
ideposipion and nucleation from the walls towards the
center of the cavity, which speaks against a replace-
Ament process (see Teble 4, Flgure 2). After Table 4

. was drewn 1t was found by the author that NEWHCUSE
(1928) published almost the same drawing in his paper
on "Microscopic criteria of replacement®™, At page 154
he describes his figure as ™. . . advance island of one
mineral (2) in another (1);? |
The defeﬁdénts cf the répiaéement idea may reply, that
first a solution of material takes place, and then only
depositlion,.,- However there 1s no evidence fbf such an

assumptioh and also such a process. would not be called



Flgure 1, Schematlic drawing showing the geometric arrange-

8o ments which may result from replacement. The
replacement substltution starts from a "channelway"
or from the confluents of various "chanﬁelways" ,
and spreads out in a centrifugal way, corrocding the
adlacent dolomite fragments., Thils geometry 1l1s
absent iIn the studlied deposits.

Figure 2. Cpen: space or matrix deposition. Material whlch may

. ’ have been introduced syngenetically or epigenet-
ically preclplitates and crystallizes in a centri-
petal way starting on the surfaces of the individual
fragments, Thls geometry 1s abundant in the studled
deposits., o
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TABLE 4
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replacement. Any replacement theory has to make about

twice as many assumptions as the syngenetic explan-

ation,
Gm&4) Several top and bottom featuresvare visible scattered

— along the drill cores studied. Barite, and sometimés.
sphalerite and marcasite, 1is frequéntly found in meny
cavitles of the host rock. These cavities are com-
pletely 1solated in the dolomitic mass and the heavy

"minerals are‘ag a ruie concentrated and deposited at
the bottom, whiie the walls are covered by light mineral
crystals, usually quartz or dolomite (Figure 18).
Barite shows sometimes a peculiar form. Delicate
6??stalline aggregates>are concentrated at the bottom
of the vugé (Fﬁgure 18).~ A useful account on the
mechanism of:éavity or geode formation was found in
'PETTIJOHN (1957, p. 205) He states:

Nothing is present in the initlal cavity except
- fluld, presumbbly connate salt solution. Inasmuch
a.s the outer wall of the true geode 1s chalcedony,
the initial deposit must have been a layer of
gelatinous sillca., The formation of thls layer
l1soclated the salt solution. If, in the course of
time, the water outside the cell thus created
freshen, osmosls will begin and bulld up intermnal
pressures., Thilis pressure 1ls directed outward
against the cell wall, ' Hence the geode will tenad
to expand. Expanslon may occur at the expense of
the surrounding limestone, by solution at the
silica-limestone interfaces. Or if the geode forms
prior to consolidation, the surrounding lime mud
may be slimply pushed aslide. Expansion continues
until the cell volume 1s much increased and the _
salt concentration of the contalning flulds reduced
to such value that the expansive force becomes
negligible.

In‘the case of the Missourl barite a'cavity filling
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origin appears to fit the observations best as shown.
The minerals present in these cavities (druses, vugs,
geodeg) appear to be formed without repiacement.
PETTIJOHN (1957, p. 205) also states that "“the metalllc
suifideé, 1f presént,‘afe most generally tﬁe lagt-
deposited minerals" and this observation 1s corro-
borated by the various examples of marcaslite and

sphalerlte occurring in some of the vugs of the studled

‘drlll core,

Low permeabllity anq porosity of the dolomite are other
characterhﬁmhich speak égainst later solutions carrying
minerals.

TARR (1918, p. 83), in relation to the porosity and
pérmeébility of tﬁe Potosl and Eminence stated:

", . . there are no determinations of the porosity
"of the Potosl or the Proctor, but Judging by the
large openings scattered thruout the rocks 1t 1s
about 8 to 10 percent. But thlis porosity does
- not represent the abllity of the water to move
“thru the roek, for the large openings &are dlscon-
nected and, therefore, the true permeabllity of the
rocks 1s that of the dense crystalline dolomite.
This must be fully the equivalent of the perme- -
ablllity of granlite, or about .5 per cent. This
dlfference between permeabllity and porosity 1s
not generally recognized and poroslitles are taken
that are commonly too high. Recent experiments made
by a graduate student under the writer's direction
show that pressures of 1500 pounds per.square inch
wlll not force water thru a limestone with a
porosity of 485 per cent. A pressure of 2800 pounds
per square inch broke the rock but failed to force
eny water thru 1t,"

Permeability,studies which showed negatlive results both
in a quantitatlve and a quallitative way were carried

out by PERRY at the Missourl School of Mines (Master's
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Thesls, 1958).
Gm6) Sedimentary differéntiation of heavy and light mud 1is
" visible in Filgure 12. This geometric féature is |
classical, and 1s clear evlidence for the 6ontem§oraneous
presence of heavy ﬁaterial - posslbly in-colldldal state -
in the mud which was équeezed into the interspeces dr‘ |
the breccia, and after differential sedimentation;
deposited in the sequence now observed. The Flgures
l2a, 12b shows clearly the sequence of the depositioh
with barite atAthe tottom, ccarse calcereous material,
in the middle, and fine shaly material on top. Top-
“bottom features of this type were called geo-petal by
SANDER (re. AMSTUTZ, 1959 c.). The presence of.thls
feafure‘supporté~£he theorxry of the formation of the
breccla close to, or at the surface while $the dolomite
of the superjacent sediments was. still in an unconsoli-
dated or seml-consolldated state. In thls case the
possibility of the influence of selsmic movements in
- the formation of the breccla may explain the facts best,
"since it 1s %Xnown that under relatively strong shocks,
applied for short periods of time, a still plastic
material can react as solld and break. The oozy sedl-
ments on top of the brecciated-layepa foﬁnd thelr way
into the open spaces 1in between the fragments of fhé

breccia and formed the matrilx,

Geochemlcal Criterila
'The following geochemlcal criterla were found to be

of interest with regerd to the origin of barite deposits.
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The low content in sea water, 5x10~7 gr/L, reduces |
markedly, if not ccompletely, the possibility of
concentration and deposition of barium compounds from
the water of the oceans. However, this pbssibiiity
exiéte, if a gradual 1ncreése of barium during geologlc
times 1s taken into consideration. 'If_was feported by
RANKAMA and SAHAMA (1950, p. 493) and also suggested
by AMSTUTZ (1958,a,"p. 236) that in early geologic time

-voléanic'exﬁalgtions and eﬁanatibns were more abundant

and stronger then today, and 1t 1s probable that during
these volcanlc actlvitles one of the volatile'constitu-
ents. was barium, exhaled and/or dissolved elther as’
chloride or carbonate.

ﬁICKEL (1956) 1ntfoduced this concept with regard to the
génésls”of the pyrite and barite deposits of Meggen
(Germany) (sée Figure 20).

Ba** anions combine with’sbz‘ cations and lead to the

precipitation of barlum as bar1um sulfé;te° When barium

- 18 introduced into sea water either as chloride or

carbonate,‘it does not readily precipitate., When HoS

is present in the water, barium usually stays disso-
clated in the water and reacts only when sulphate catlons
are dvailable. Figure 20 from NICKEL 1llustrates cléarly -
the process involved. Barium which enters the sea water |
as barium chloride or cérbcnaﬁe does not react in acld
medium, according to NICKEL, but diffuses as Bat?,
Later 1t combines with BOZ~ present in slightly acld or
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neutral water near the surface, precipitating as barite,
Two possibilities arise if BaCo3 1s introduced in the
water, especlally during the last phase of volcanic
activity (Filgure 20, far right). The first implies the
influence of alkaline_water. When'BaCOB enters NHz-
rich water the complete preéipitatibn takes place; b 8
Ba603 enters the neutral zone directly, the precipitétion'

1s incomplete and Ba** 1s avallable. In this case Bat+

-combines with Sto‘and precipitates later,

Ge3)

Ge4)

Cold solutions éontaining~bar1um compounds preclpiltate
thelr metal content under cerPain chemical conditiohs
at low temperatures. A peculiar example for this type‘
of deposition 18 glven by KUKUK (1951, p. 155, Figure
243). In a water-ditch of a mine in the Ruhr dlstrict
(Germany) barite was found filling almost completely &
wooden boxX. |

Barité'decrepitates at rooﬁ temperatures or at rela-
tively low temperature§5 as repofted by DONS (1956).
According to him, ﬁhis barite may have fo:medfat véry
low temperature, |

The necessity of eplgenetic high-temperature hydro-

‘thermal solutions containing barlum compounds, on the.

basie of the concepts Sf DONS, is not warranted, mhé
decrepltation properties of the barite of the Potosl

area has not been studied extensively. However a slmple
experiment carried out by the writer with a few samples
shows that the decrepitation starts at about 60° to 90° C.-
As shown by CORﬁENS (1949) decrepitation 1s however only
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a primitive method and reports rather.qn the étrength
of the crystals théﬁ,on the‘tempefature of formation.,
The only indication which may be gained‘is an upper
limit of formation. | Y
Ge5) A decrease of pH in sea water causes the precipitation’
6f 5105, according to~RANKAMA,and SAHAMA (1950, p.554).
Voleenic exhalations, with thelr contributions of ﬁasf
and other sulfides and chlorides to sea water,‘create
2. more acld environment favorable to thé concentratioh
and later precipitation of 8102. |
It was observed by the writer that on the &rueger Zinc
Deposit where the sulfides are more abundant, as
compared with the barite deposlts, slillica 1s also_
presént in more quantity. . This concentration of S10o
both as chert or quartz or éhalcedony, ﬁay have taken
place because of an increase in acidity of the water of

the baéin.

Sequence of deposition. (paragenesls) ‘
© The garagenetic éeguence‘obsérved in the Erueger
enosi§ is ‘sumnmarized on page 88 and does not include the
_wallrock. | .

No. l paragenesis is commonly observed in the open
pit and dump of the Krueger deposit (for example pictured
in Filgure 13) No. 2a, 2b, 2¢, 24, 2e sequences were
observed in drlll cores logged at the Core Libi-a'ry‘ of the

U. S. Bureau of Mines in Minneapolls. Paragenesls 2a 1s
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PARAGZWITIC SEAUENCE IN THE KRUEGER DEPOSIT

Mercasite
Sphalerite
Galena
Barite

Limonite

Quartz

Marcesite
Barite

Dolomite

Marcaslte
Dolomlte
Barite

Chalcedony
Dolomite

Marcasite

Barite

Dolomite
Sphalerite
Quartz
Barite
Galena

AND IN THE BARITE PITS

Pfimary

- Secondary
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plctured in Flgure 19a and parauenesis 2d i shown in

Figure 19b. ' A descripuion of the sequence of minerals and i

’ !

-the relationships among them 1s glven below,

, M@;cas;& ’ fairly abundant with zinc sulfide and
bardbe om- tne Krueger deposit, ‘ahows o positions‘inothef
paragenetic-sequence. The first and more abundantioneﬁ
occurs as a number one éeneration deposited directly‘in
contact with the dolomitic and cherty fragnents of the.
breccla. ' The second one ocours in a few places on top of the
sphalerite.bands;' The cause of this second generation of
msrcasitevmay be due to a,laterdenrichment of 1ron sulfide
.‘in_t.he solution. - =

Closely associated with the flirst generatidn, or
possibly often older than this first crustification on top
of the breccla fragmenta or cavity walls, there is &8 sort
of disseminated marcasite type in ‘these breccia fragments._
This dissemination occurs 1n two distinctly- different
distribution-pattenns. One i8 a homogeneous_pepperingjof;7'.
the .dolomite with tiny grains of mercasite. The lack of
a gradient of concentration does not suggest a later pene~
ftratian into the fragments,\either by a filling of pores or
& replacemsnt mechanism. It rather susgests an orisinal RN

The second pattern of distribution shows a marked
drop of the amount of marcasite from the rim or the rragmentsl‘
towards the: inside. Here 1t might be assumsd that a slisht

_1rep1acement has taken place.~ These-zones of higher marcasitedl
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content acasure however only a fraction of a millimeter or
2t the most one or two millimeters. The inside of these

breccla fragments 1s usually devold of marcasite.

g halcopyrite was reported by TARR (1918, p. 55).

No sure indlcations of chalcopyrite were seen during this
study, although marcasite coatings or stainings often show

chalcopyrite colors,

Sphalerite 1s the most abundant sulflde present in the
Erueger deposit. It occurs as small cdark-brownlsh to dark-
ruby crystals scattered along the dolomitic formation, aﬁd
a8 the principal mineral in the matrix of the breccila,
sphaieri,té shows frequently the typical form of “banded
sphalerite" (Schalenblende of the german literatdrej. .The
crigin of this type of texture may be ascribed to colloidal
precipitation which, according to DI COLBHRTALDO (1954, p.lO),
takes place readily in presence of lead &nd 1ron sulfides.

It was obeerved in several samples that sphalerite assumea

the characteristic banded texture when it 1s deposited over
layers of marcasite as first generation deposited on top of
the dolomite or chert fragments as described above. Cn tei
of this banded sphalerite, and 1n other occurrencee,. o
aﬁhalerite'occurs almost always &8 drusy overgrowths on the

bands, or on dolomite, etc.

Galena 1s a rare constituent in the EKrueger depesit.

When preeent,:fahows sometimes 1dliomorphic crystals. It ls.

~always assoclated with barite and generally was deposited



91
earller. Cnlg}in a few questionable cases 1t deposited at

the same time as barite.

Barite is, with galena, the last mineral of the parg--
geneticwsequénce. It occurs in large crystals‘whiéh grow
in a bentripetal waj towards the middle of the‘cavities.‘
They sometlmes terminate as well formed bladed crystals.
These bladed crystals can be seén in the whole outecrop and
are rrequently found also in the residual solls. Light
delicate'crystals are also present in some open spéces ok -
the breccla. These occurrences, end some small barite
filled fractures cutting across first generation mercasite,

suggest?the possibllity of a second generation barite,

Limonite in thin 1ayeré constituting'boxwork-iike
secandary coating_around the fragments of the brecclated

dolomite, are common in both deposits, the Xrueger depbsi%
end the barite plts. The 11mon1te‘was'depoéited much later
than the other minerals. The iron of the limonite may

orliginate from the decompoéition of marcasite (mostly in

the Krueger deposit) or as secondary product from supergene

_leaching of iron in the dolomite.

Quartz occurs rrequently as coating on the wall or -
the cavities in some Vugs 1n the dolomite constituting hoat
rock for the ore minerals: Also dolomite 1s sometlimes
present in a erstalltne form and essoclated with marcasige

and barite. : ' ‘ .
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Quartz: Silica was spparently always the first

materiai‘depesited if available. It occurs as "chalcedony"
end "drusy quartz". Chert is present as wall rock through-
out the Potosi and Eminence, and is censidered one of the malin.
characteristics for the identification of these formations.
As mentloned Before it was found in the area studied that
chert 1s more zbundant where sulfides are preseﬁt. Chel-
cedony 1s very frequently assoclated ﬁith drﬁsy querte. the
chalcedony form of silica is deposited first in the sequence
and with its characteristic:banded texture 1t coats the
walls of the manyAeavities present in the dolomite. The
internal layer of chalcedony 1s»usually coated'withleﬁail
and delicate quartz crystals (“come-quartz®). Frequently
small crystals of marcasite ehé barite.oecﬁf;on_tep.gf this
drusy quartaz. If marcasite and barite are found toRether,

marcasite 1s always earlier.

pglomite as small crystals is sometimes present in
cavities of the dolomitic rock Some of these crystala were
coated later by small and delicate crystals of barte
(paragenetic sequence 2c). In the cavitles in which dolomite
.crystals are found with marcasite, the latter mineral eoatg
the first one (sequence 2b). If dolomite and apgalerite

occur tosether‘(sequenbe aé); ephelerite'is cieeriyilatef.A'

Ige_paragenetic sequence observed in the barite pits

is simpie;'fTheeonly minerals 6ccurr1ns are, listed in the

-sequence of deposition (paragenetic sequence no. 3 in the



table): sillica,barite,and gaiena. Limonite, the secondary

alteratlon product, 1s mentloned dbbve.

Conclusion on the>t1me of depositibn.-

Considering the various criteria mentioned before_
in this chapter contaihing'the,discussion of‘genetic
criteria, and from a2 careful comparison of them, 1t appears
reasbnable to assume that the-déposition of the ore minerels
and marcasite took plaée’Syngenetically. ﬁ?n'example the
enclosing sediments were broken ﬁp on the ocean bottom not
Heia long after il partly during dlagenesis; and in the zrea
cf the ore deposits there'happen.to be an accumulation>of
"sedimentary ore flulds" avallable for cementation of the
Breccia.v " |

The gecmetric and geochemlcal dharactérﬂaof'the
mineraléAinvolved in the process are proved to support
such a thecdry. The_assumptions'which are necessary to
support a syngenetlc origin, seem to be fewer than those
necessary to prove later epigénetic processce as shown
Beléw: ‘ | |
1. Assumptlion necessary for syngenetic origin:

a. Ba** ana S03™ were avallable in the sedimentary
environment.

b, Be® enad 503~ were accumwlatea in
. ate 1 th »
where the dgposits formed. ocally e placga

2. Assumptions necessary for epigenetic origin:

a. Ba** ana oy containing flulds were formed at depth
(hypogene) or in ground water streams (sUpergene)‘

b. Chennelways (porosity, permeabllity, etc.) for these
accumulated Ba®# and S803~ containing fluids were
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avellable (from "unknown depth" or from distent
weathered ereas). .

These fluids or DPresumably greceding fluiqs were able
to upset the stabllity of the dolomite and dissolve it.

d. Cavities were present to begin with.

e. Pathways for the dlssolved material have to lead out
of the place of deposition in order to permlit the
replaced materlal to go out.

f. The new material reaches at the particular place the
conditions for precipitation (saturation, required
Eh, pH values, etc.), in the cavities created by the
dlssolution or in preexisting spaces.

In the next section the origin of the ore bearing
flulds will be dlscussed.

Source of the ore bearing flulds

The four possibilities offered in the introductlion of

the cha pter are here discussed-

Epigenetic supergene crigin. The possibility that later
ground wéter circulation can have leached barium compounds
fremwpreexiétent formations can hardly be defended. Several
factors 6ppose this theory,.aa shown in the chaéter on the
geochemistry of barium..

) The low solubility of barium compounds 1n ground or
surface waters 1s one of these criterla. Even today barite
is practically ungitered, despite the relatively high content
of organlic acids ef these watera.: Tﬁe solubllity 1s sald. |
to increase, however, with the ﬁreaence of alkaline comrounds
in the water. -

Amons the Bérium compounds, carbonﬁte and chloride
are the most soluble and the presence of such compounds in

the overlaying sediments of the examined area should be

.,
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expected 1f any eplgenetic origin could be correct. The |
average calouieted in several analyses of overlaying rocks
-show; however, that barium 1s scaﬁkly or not at all present
in the formations mentioned. » 

Permeability of'the rocks traversed by the migrating
solutions and of the rocks actually host for barlium minerals
must also be ccnsldered. The rock formetion of the Eminence
and Potosi 1s usually of dolomitic composltion and 1ts
permeablility is very low, as was shown by TARR (1918, p.83),
CHLE (1951) and PERRY (1958). In such a case, only joints
and fractures can be considered capable of acting as pathways
for the mineral bearing solutions. It was already mentioned
that no evidence for this could be found in the studled
deposits. |

The chemioal composition of the waters which eroded
the overlaying formations, as well a8 other factors mentioned
above, 1s opposed to a 1ater supergene origin of the ore

bearing fluids.

Epiéenetic hypogene origin. An eplgenetic hypogene orligin
- of the ore bearing flulds was suggested by several authors
for the barite deposits of southeastern Missouri as well as
for other localities of the United States and abroad._

A later hydrothermal fluid however, needs ror»
deposlition of its,mineral content several geometric and
geochemical.oonditions which are not fulfilled in the Potosi
and Emlnence fofmations. |

It 1s useful, herg to summarlze once more the several



26
factorc that have to be considered for such an origiln.

The lack of channelways 1is one of the factors
menticnéd, and the open spaces supposed-to be,present in
the formations before the arrivel of the ore fiuid, were
proved not to be able ﬁo orovide the spade for the large
emownt of cre mineral deposited. To mentlon only one
geometric criteria z2galnst the assumption of‘open spaces,
there are many fragments of dolomite and chert which are
literally csuspended in barite or other ore minerals or in
gangue matrix and are thus not sﬁpported.

A high grade replacement process was also taken into
conslderation and to support i1ts possible occurrence the
law of feplacement of equal ﬁolumes was 1lntroduced: Such
a law cannot be applied becaﬁse no evidences for replacement
processes wére foghd-in‘the studied deposits. If replacement
is accepted, a space has to be prévided for the materlal
carried awéy. This and other criteria are lacking.

A diffusion process has also been proposed as a cause
of Geposition of the ore minerals. Conditions at which
barium carrying flulds can.diffuse wilthout deposition through
‘the formations have to be inside of the stability field of
- these traxeraed formations. It 1s reasonable ﬁo assume, 1n
this case, that a fluid ccntalning barium and diffusing by
BROWN's diffusion principle (1948), should precipitate its
barium content into the underlayiﬁg formations (frequently
shales) ahd-not'primarily, in the dolomitic rocks of the

Potosi and Buinence.
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another way of introducing later hypogene epigenetic
fluids into the sediments from an intfusive-source, particulérly
into carbonate rocks was described for example by BATEMAN
(1256, p. 89). This probability can be excluded in the area
examined, hoﬁever, because the sediments centaining ore min-
erals as well zcs the deposits”themselves-are‘horIZOntally
bedded. Moreover, the absence of up-dlp channelways does
not support the concept of a contact metasomatic deposit,.
nor 1s M"across bedding" deposition observed.

From the'concepis 111ustréted above, the writer
believes that an epigenetic hypogene origin»of the ore

beering flulds 1s highly improbable, 1f not impossible,

Syngenetic supergene origin., .Barium and associated sulfides
could have been carrled in solution from wathering of
adjacent graaitic and sedimentary rocks, tra nsported to the
water of the basin of sedimentabion, and later concentrated
in the unccnsolidctea csediments of the bottom, where
synbenetic brecciction may have olayed an 1im mportant role

in provioing low zcnes where ueavy barium solutions could
accumulate,

As stated by IZIGELHARDT (1936), barium does not ‘
precipitate easily under»ihe‘hofmal énvirbhment for depo-
sition of carbonate rocks. Conditlons of lorel concentratlion
or unusual local scuﬁces thus, could have céused the deposits.
Some of the factors which speak against a supergene orligin

are discussed in section 1.



98
It is questionable whether the lgneous rocke in the-
reglon are & sufficiéﬁt source of barium; zinc, and lead.
Only by assumihg & fector 1eading to a'strongAconcentration»
in space and tlme of weathered Bat*, Zn*+, and Pb++ could

this theory of porigin become a brobable cne.,

Syngenetlic hypégcne origin; iolcanic eihalativ: enrlciament
cf ore flulds, in the scdalmentery baéin,_is the fourth
pos:cible type of origin. -The’source cf barium ﬁay be found,
in this case, in the volatile part of the magmra which formed
the shallow igneous rccks in theAarea. _

All the minerals present in the deposits are well ..
kncwn in the epithermal stage of magmatié differeatiation,
and thié'fact suppérts the guggeste& origin of the ore :t‘lu:l.djs,~

During thne later phase cf magmatlc activity, volcanic
exhalatlons are ﬁgry fréquent, snd it has beea sald that
during early geoldsic times this voléanic activity was
stronger than today (RANZAMA and SAHAMA, 19502 AMSTUTZ;'IQSB).
The.gradual degasslné-cf the earth 1s a well known concept |
of seology (BARTH, 1252). |

[Oyel thé besis cf this assunption a2nd In view of the
evidences previously dlscussed, a volcanle exhal%tion can
be assumed to be the source for barium. ZXNoderate volcanlc
activity 1a shown'to be present all through the Paleozolc
exposed in Missouri,{KIDWELL,ALLEN,BUCHER,KELLER; Re.AMSTUTZ,
1958a, 236). |



CHAP VI

GENERAL CCNCLUSIONS
A syngenetic hypogene 6rigin from voleanic exhalations
ls proposed as the most probable one for the barite deposits
of the Potosl quadrangle. Thls theory ls supported by
seﬁeral lines of evidences as offered throughout this thesis.
Several authors as for example BUCKLEY (19008),
STEZEL (1909), TARR (1918, 1932), and e;bhers, advanced both

an epiéenetic eupergene or hypegene theory for the origin of
the Mlssourl barite. .The criteria mentioned by them to
support those modes of‘origih do not fit the gecometric and
geochemlical evidences collected by the writer and discussed
in detall in the previous chapters.

Among the criteria previously mentlioned, the most
important ones against a possible epigenetic origin of the
considered ore deposits, are here summarized:

« Horizontality of the mineral deposit.

. Absence of channelways extending below
the Potosi formation.

. Lack of ™mineralization" in the faults
of the area.

. Presence of several top "and bottom
features characteristic of contempor-
aneous deposition on the surface. For
example: sedimentary differentiation
of heavy and light mud vilisible 1n
several places,

o Prevalently sharp boundaries of the
fragments of the dolomitic breccia.

. Lack of replacement criteria,

"« The ore and "“gangue" minerals cen
form at surface temperatures,
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Furthermore the necessary assumptions needed for an
epigenetlc orlgin were shown to beAmore complex and of a
larger number in comparison with the ones necessary to
supoort the syngenetlic point of view.‘

The epigemtlc theories 2re thus eliminated and the
followling two synjéenetic poséibilities remaln to be
éiscussed:

. syngenetic supergene
. syngenetlic hypogene

A supergene crigla from erosion on iand, and
subsequent deposition in the form of colloldal barite 1in a
sedimentary basin, requires certailn specizl conditions. A
supergene deposlition through colloldal barite in sea water
was already suggested by DAXE (1930) for the barite deposits
of Kissouri. The difficulties'encoﬁntered in the assumption
of a supergene source were mentioned zbove,

Al though the syngenetic-supergene theory can not be
dismissed, a hypogene source of barium appears to involve
less assumptions. Several criteria leading to a hypogene
synéenetic origin were dlscussed in detall in the previous
‘chapters, ” |

Thé presence of the brecciation in the dolomitic
sediments could be explalned as a result of selsmic movements,
These-may have been responsible for volcanic'activity and
consequently the exhalation of magmatic fluids discharged and
chemically precipltated by a mechanism similar to the ome
described in defail by NICKEL (1956). The‘A1str1but10n of

volcanic material, diatrémés; polysénal and other tectonic
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fractures through'almost.all the Paleozolc, shows that vertical
tecfonic movements were relatively strdng and broadly dlstri--
'butéd. AssociatedAWith it there was some volcanic activity.   7
es mentlioned. | |

This mode of origln has been proposed and e#élained
on the basis of many detalls for numerous deposits of the |
same type 1ln thls and other countrles, for éxgmﬁle by
AMSTUTZ, BORCHERT, GRUNER, LINDGREN, MAUCHER; NIGGLI,
OFTTEDAHL, PROCTOR, RAMDOHR, SCHNEIDERHGHN, TAUPITZ, and
others. | L BT

It 1s here offered as a working hypothesis, on the
basis of the critéria described that for the barite deposits'
of the Potosl guadrangle syngenetic hypogene origin and mode B
of formation has'the highest‘degree of probabllity.
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