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May 25, 1971

.= Mr. Donald M. Mann
Apt, 4 A
909 Logan Street :
BPenver, Colorado 80203

 Dear Don,

On-a recent trip I finally had time to read your proposal
on Missouri Copper in depth. I am impressed with your iceas and
the pr'oposal you have prepared. As you may know, 1. developed
the exploration program for ASARCO in the West Fork area, did
the geology, optioned the property and drilled the discovery holes
that led to the West Fork ASARCO orebody. Your copper pmposal

: Awas therefore of special interest to me.

L,nfortunately, Essex is now committed to several pro;ects
that do not give us room for youp proposal at this time. Inh additiomywacs i
the pressure of Essex's copper demand of almost one million pounds = .. *
of copper per day makes me consider at this time projects-that:
would lead to more immediate copper production than your proposal 3
sugges&

~Thank you for sendmg the pr‘opocal for reviewy 1 hope you et
will continue to consider Essex as a potential joint partner for pro=. SR
jects you want to develop. At your request I am returning your
proposal but keeping your resume.

Best regards,

: Paul T. Eimon
Manager of Exploration

ESSEX INTERNATIONAL, INC.
PIE:td
enclosure. -
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SUMMARY AND RECOMMENDATIONS

SUMMARY

Copper deposits occur in at least five localities in southeast
Missouri (Figure 6). The possibility of discovering copper or
copper-nickle-cobalt deposits such as those at Mine LaMotte

and the Madison Mine at Fredericktown is good. The problem will
be to find a deposit large enough and rich enough to satisfy a
major mining group.  Based solely on past production, exploration
priorities should be: Fredericktown - Emenence - Ste. Genevieve.

RECOMMENDATIONS

I should spend one or two more months searching the literature
and compiling. Specifically, the Leadwood-Flat River-Bonne
Terre and Annapolis areas (Figure 5) should be studied. The
Bunker Hill Company should be contacted as regards the status
of the Higdon Mine. A review of the recent literature of the
geochemistry of lead, zinc, and copper would be helpful.




INTRODUCTION

LOCATION

The project area lies in southeast Missouri (Figure 1) being
bounded by the towns of Sullivan, Bonne Terre, Fredericktown,
and Winona. Access from St. Louis by rail and highway is
excellent. The Missouri Geological Survey along with a branch
of the University of Missouri is located at Rolla. Field work
can be done all year.

GEOLOGY

GENERAL

Precambrian rhyolites, granites, and basic rocks outcrop in
the St. Francis Mountains. These older rocks are overlain
by sediments, the most important economically being the
Upper Cambrian Lamotte sandstone and Bonneterre dolomite
(Figures 2 and 3, from Howe and Koenig, LG n v B TY
Paleozoic cryptoexplosion structures and igneous rocks occur
in Missouri, but their relationship to the mineral deposits
is, at best, obscure.

The major structural element of this area is the Ozark Dome,
with Precambrian rocks exposed along its axis (Figure 4, from
Brown, ed, 1967, p. 35). These older rocks were eroded into
numerous knobs and basins prior to the deposition of the
Lamotte sandstone. Local relief is as much as 1500 feet.
Faults ring the area of exposed Precambrain rocks; the major
trend is northwest (Figure 5, from Ridge, 1968, p. 329).

Southeast Missouri is a lead district. Most of the production
has come from pinchout, reef, and bar reef ore bodies in the
Bonneterre dolomite. Production through 1968 was (Wharton,
gt-al 1969, pL.63):

METAL RECOVERABLE SHORT TONS VALUE

Lead - 105179997 $ 1,615,070,607

Zinc 125,954 24,994,057

Copper 73,263 38,022,073

Silver (Troy 0z.) 93325 .7 8,350,104
Cobalt, Nickel, Cadmium N.A. N.A.

$ 1,686,436,841
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PALEOZOIC ERA

Bedrock through most of Missouri is Paleozoic in age, Of all the
Systems represented, the Cambrian, Ordovician, Mississippian, and
Pennsylvanian are the most prominent from the standpoint of total
thickness and arecal distribution (Fig. 2). Rocks of the Cambrian and
Ordovician Systems are present over most of the soutliern half of the
state. Mississippian rocks are extensively exposed in the northeastern
and southwestern parts of the state, and Pennsylvanian rocks malke
up the balance of the state’s bedrock. Relatively limited exposures
of Silurian and Devonian rocks are present in eastern Missouri.
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Fig. 2. Generalized geologic map of Missouri.

The aggregate thickness of the Palcozoie rooks within the state is
approximately 10,000 feet with less than half of this thickuess being.
present in any one loeality. - The thickest and most systemically eom-
plete section of rocks in the state is present within the confines of the
Forest City basin in northwestern Missouri, Here the section is ap-
proximately 3,700 feet thick and is composed of rocks representing all

13
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Fic. 1. Distribution of major ore types in the Ozark Region of Central United
States. Indicated areas are: 1, Southeast Missouri lead district; 2, Southeast
Missouri barite district; 3, Tri-State zinc-lead district: 4, [Hinois-Kentucky fluor-
spar.district; 5, Central Missouri barite district: 0, Arkansas-Missourt zine district
(Ordovician) ; 7, Arkansas zinc-lead district (Mississippian).

Either the proposed. hydrothermal (source must have heen lirge or there
was an almost inconceivable plunibing system to effect the distribution of ore
fluid over tens, even hundreds of square miles.  The former seems the more
likely alternative of the two-—that there was a Jarge, and possibly deep-scated.,
igneous mass which gave off the mineralizing enanations over a hroad area.
These emanations then rose io the overlying sedimentary column and
deposited their load.

The great size of the mineralized arcas over which uniform ore types were
deposited represents one of the most difficult problenis for explimation by the
hydrothermal method.

CROSS-CUTTING RELATIONSITIPS
Cross-cutting mineralized structures are found in virtuaily every district

of the Mississippi Valley type.  These range from simple veins (Southern
Hlinois-Kentucky, Central Kentucky-Tennesser, Wisconsin-Tlinois, Northern
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Source of the metals is thought to be brines from deep sedimen-

tary basins: the Forest City to the Northwest and the Illinois

to the Northeast (Synder and Gerdeman, 1968, in Ridge, 1968, p. 357)
If, as Helgeson (in Brown, ed, 1967, p. 339) suggests, the lead

and copper are derived in a 10:1 ratio from the metamorphism of
arkosic sediments, in excess of 900 thousand tons of copper

remain unaccounted for.

COPPER DEPOSITS

Copper is an important metal in five areas (Figure 6, from Wharton,
et al, 1969, p. 46):

1. FREDERICKTOWN

Chalcopyrite-siegenite-galena ores were developed in the Mine

La Motte Copper Mine and the Missouri Cobalt Mine (now National
Lead's Madison Mine) Platel (from James, 1949, Plate II). The

ore occurred at Precambrian-Lamotte-Bonneterre contacts and on
local highs and lows in the Lamotte sandstone in inter-knob basins
(Figure 7, from Kline, et al, 1961. p. D

Mine La Motte Copper Mine was discovered in the 1830's and shipped
a matte containing Cu, Ni, and Co in 1840-48, 1857-64, and 1870-
1904. I have no production figures. Copper-nickle-cobalt ore

was apparently spatially separate from lead ore as St. Joe
Minerals removed a lead ore body from this mine several years

ago. :

The Madison Mine, in 1906, had blocked out an ore body 600' x
500' x 12' (288,000tons) which ran 6.91% Pb, 3.5% Ni, 4.0% Cu
and 2% Co. (Grawe, 1945, p. 357). The ore zone occurred at 250
feet. This material was difficult and expensive to treat, and
the company failed. The mine was re-opened in World War II; in
1943, developed reserves were 1.77 million tons averaging 2.29%
Pb., 1.43% Cu, 0.46% Ni, and 0.28% Co. The Madison is estimated
to have produced 25,00 tons of copper.

2. EMINENCE

Evans (1959) describes seven copper prospects related to Precam=-
brian knobs (Figure 8) Copper also occurs in a road cut just

south of the Casey, and in the vicinity of the knob just to the
east of the Casey. The Jerktail, McKinney, Slater, Sutton, and
Bolin prospects occur in a basal conglomerate on structural highs
at the heads of buried Precambrian valleys (Evans, 1959, p. Y i
The Casey and the Jacks Fork are higher in the sedimentary section;

o



BIGURE 5=1

COPPER 0CCU

RRENCES IN MISSCGURI

Figure 6

3 FRANKLIN
;;' H )
Tl ST. CLAIR
o (+]
; /
w
‘x "’
1 suLuivan /
T Q : !
3 TR
4
BOURBONO /J'/
\ Q cusa l )
" |
a !
% )
= g 2 o
£e POTOSI
Q. 1
[ CR AW +HORD ;
! i
(!.,‘

;*'\.,\J'J_—_—-L_ ‘/J(— ST. LOUIS
( 4
{

 JEFFERSON "

e )

5

HERCULANEUM & l i A i
{ i
i
G i
DE SOTO 3 ‘
N {
o A\ -
f
Y '
\_..\’\‘ |'
STE V\»Q\ i
N GENE VIEVE T3 |

(&)

NN
NN
N
‘5
-~

NN
\Y\
\
N Al

DB BT

3 95
%

. 2
) “

-0
SE ¢ /

LAY

”f"\\\ssmswevs ’

W B //
> i 5 \ i
ST. FRANCOIS X
. i o e |
LRONTON (} % QLPERRY
FREDERICKTOWN %,. *'\“Higaon Mine
i k |
o ' & f
GLOVER l ll
| !
' i
{ MADISON } g
(i RON | b PR
L——————J BOLLINGER
Wf" O ELLINGTON |
g%%? ‘
EMINENCE 70
; oéiéé? f Q WAYNE .
_ ¢ ) 1O Py b
a7 Gt |
:
CARTER i ly Si ?
Y ] L BUTLER |
: STODDARD |
: e Kl s
REELEY 20T gl
1
OREGON { !

EXPLANATION

%Avao of copper deposits

8 Copper-nickel -cobalt daposits

Lead- Zinc~ Copper deoosits

46 -




Figure 7

200—
HORIZGNTAL SCALE, fent
- = T abihubin g SR
(0] 200 400
LEGEND

te] Residuum Lamotte sandstone

2.

51,’;7;, Bonneterre Golomite Precamarian igneous

FIGURE 2. - Generalized Geologic Section, Macison Mine.

The LaMotte sandstone is extremely variable in thickness, varying from a
trace where it pinches out against the igneous rocks to 250 feet in the deeper
basins. In the vicinity of the mines, the Bonne Terre dolomite ranges from a
trace to about 400 feet thick,

Ore deposits in the Fredericktown district occur characteristically in
the lower 20 to 25 feet of the Bonne Terre dolomite, Average depth from the
surface to this zone is 300 to 400 fect, The metallic minerals in the ore are
chiefly galena and pyrite with minor quantities of chalcopyrite and siegenite
(sulfide of nickel and cobalt) and occur in a dilssemirated manner throug1 out
the ore zonme, Heavy concentrations of pyrite and marcasite are found through
out the Bonne Terre formation but the bodies of iron sulfides lying above the
ore zone have little or no apparent association with the ore deposits,

T

c

The ore bodics are classified into two Lypes for purposes of pro%pcctiné
and development, One type, called contact ore, occurs near thie pinch-out of
the LaMotte sandstone against the sides of Precambrian hills of igneous rock,
The other ‘type, called basin ore, occurs in areas of unusual structural highs
and lows of the otherwise genmerally horizontal bedding of the LaMotte, Ine
erratic relief of the LaM;rte may have been caused by deposition of the sand
on the irregular Precambrian surface, the formation oif sand bars at the time
of deposition, tectonic disturbances, or a combination of these.

The Bonne Terre host rock near the sandstone pinch-out line was favorably
prepared for ore deposition by a series of fractures, including joints and
minor faults, which parallel and often coincide with the pinch~out line, The
Liost rock in areas of LaMotte highs and lows was structurally pre pared in much
the same manner, At least onc fault within the district is believed to have
displaced the igneous rock,
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the deposits parallel the bedding with chimney-like feeders.
Chalcopyrite is the dominate copper mineral; chalcocite,
malachite, and cuprite are also present.

Production is recorded only from the Sutton. In 1925, 44,390
pounds of ore averaging 27.297 copper was shipped. Another
77,074 pounds averaging 8.365% copper was sold in 1926 (Bridge,
p. 178). The ore contains at most 0.1% nickle and a trace
cobalt.

3. STE. GENEVIEVE

Chalcopyrite replacing a soft chert bed was discovered at the
Cornwall Mine in 1863 (Figures 6 and 9). The mineralization

is parallel to the bedding of the Ordovican Powell formation,
about 2000 feet above the Precambrian surface. Similar
mineralization occurs in the same formation at the Swansea

and Herzog Mines four miles to the northwest of the Cornwall
(Weller and St. Clair, 1928, pp. 331-336). Production figures
are vague; the mines are thought to have produced a few
thousand tons of copper. The hand-cobbed ore graded 20% copper
or less.

The similarity of the mineralization of the Cornwall, Swansea
and Herzog Mines at Ste. Genevieve, and the Casey and Jacks
Fork at Eminence suggest that the Ste. Genevieve prospects may
overlie other copper bearing zones closer to the Precambrian
surface.

4. SULLIVAN

Chalcopyrite occurs in filled sink holes with pyrite, hematite
and clay (Figure 6). The deposits are small. Little information
is available, but Sullivan too, may overlie other copper
occurrences at depth.

57 “BOSS
Chalcopyrite, bornite, and magnetite occur in an acid to inter-
mediate rock that intrudes rhyolites in the Precambrian basement

(Figure 6). Grade for both copper and iron is reported marginal
American Zinc and Getty Oil are drilling Boss now.

DISCUSSION

The case for a copper play in the Paleozoic rocks in Missouri
is based on the temperature dependence of copper solubility,
and the unimportance of this factor on the solubility of zinc

=
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(Figure 10, from Barnes, ed, 1967, p 371). Copper deposits
and lead-zinc deposits could be spatially separate (Figure 11,
from Barnes, ed, 1967, p. 377). Some such mechanism as this
was operant in other types of deposits, such as the zoned
porphyry copper-lead-zinc-silver district at Bingham, Utah.

Referring to the Alley Spring, Eminence, Powder Mill Ferry, Bartlett
Winona, and Stegall Mountain quadrangles in the Eminence area
(Appendix A) on which land ownership (Kerr-McGee controls Moss
Tie), Precambrian knobs, copper prospects, drill holes, etc. are
shown, it appears that brines entering the area in the vicinity
of the P.D. drill hole in Section. 1, T.27N. on the Winona
Sheet and moving North would have risen about 1800 feet by the
time they passed just east of the Sutton Mine and moved on
towards Ozark Lead's Blair Creek lead-zinc reserves, on the
Powder Mill Ferry sheet. This steep slope on the Precambrian
surface could provide the temperature gradient sought. Allan
Juhas and Paul Trost, T.G.S., pointed out that a rise of this
magnitude, assuming a normal temperature gradient, would result
in a temperature differential of abbut 6° C, which might not

be sufficient. A steeper than normal temperature gradient
might be present here because of the proximity of the ground

- water table, which may control the elevation of the lead-zinc
deposits (Figure 11). The base of the Bonnetene formation,
which contains most of the lead-zinc ores is at about -375 feet
in the mines immediately to the North. I have no way to project
the ground water level into the Eminence area.

b

Referring to the Fredericktown, Higdon and Perryville quadrangles
(Appendix B), the slope of the Precambrian surface steepens
markedly between the National Lead drill hole in Sec. 30, T.33N.,
R.8E., and the National Lead hole in Sec. 11, T.33N., R.S8E.

Here again, this may indicate a steeper temperature gradient,
but it might be necessary to rely on the proximity of the ground
water table to attain the required differential.

LAND
FEDERAL :

Reacquired Federal land is available by obtaining a prospecting
permit. The filing fee is $10, and an advance rental of $.25

an acre is necessary. Prospecting permits are issued for a
period of two years; they can be renewed. There is an acreage
limit. Before going into production, a lease is required. The
lessee pays a negotiated royalty on the gross value of the ore.
Copies of the prospecting permit and lease form are in Appendix C.
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CONCENTRATIONS IN ORE-SOLUTIONS el

appreciable without exceeding the solubility products and formation of a
chloride or other sulfide-free complex is favored. For sphalerite, we have
caleulated that within our thermodynamically restricted limits, up to 250°C,
at neutrality and acy- = 1O, the chloride complex provides *Zn concentra-
tions of 10 mg liter or lurger only it HS is aboul 102 m or fess. Fora
Jine concentration of 10 mg liter or larger, the ratio of XZn =S in solution
must be 105 or greater and only about 0.0001 mg liter of the zine in solu-
tion could precipitate as ZnS unless the solution carries a significant
concentration of oxidized sulfur species which are reduced during deposi-
tion, or unless one could presume an independent source of sulfide ion.
The latter two possibilities have already been shown to be unlikely. The
obvious conclusion is that high concentrations of Zn2' in nutural solutions.
<uch as the Salton Sea brine, are not suflicient for ore formation: the solu-
tion must contain at least enough sulfur to precipitate its heavy metal

content.

TABLL 8.4. Approximate solubilities in my/liter of some hasc-metal
sulfides in a solution of 1.0 m 115~ and 0.5 m H:S

25 C S atm 200 C 40 atm

-y ¥
CdS 150 i
o -

HgS 1260 720
SbSa 1 600

> metals

i 1020 j0-21
xS

The second possibility.is u comparatively high =S, leading to formation
of bisullide or sulfide compleses of the buse metals as the mechanism of -
transport, Solubilities for ceveral base-metal sulfides have been caleuliated
from the constants of Table 8.3 for a bisulfide solution at S Ol
These results are given in Table 8.4 togethier with estimated solubility values
al 200°C in the same solution, based on the typical temperature dependen-
cies of the solubilities s estublished by experiment. At fixed composition,
the concentrations at 200°C are estimated o be about the same as at 239
for ZnS, about five times greater for CuS, and about six times greater for
HeS. The concentrations of HNS and S assumed.in this caleulation are
near the upper limits caleulated by Holland (1965) from mineral stabilities
and may be unusually high, particularly for the 25°C caleulattons, One can
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SUMMARY £ 377

quantitatively less abundant: the luter stage barite hus retained fresh crystal
forms. Early barite apparently formed during the advance of an ore solution
into a somewhat oxidizing environment in a carbonate host-rock suturated
with meteoric water: deposition may have taken place under conditions just
below the HS~, SO; - boundary of Fig. 8.7. Further advance of the bisulfide
ore solution could have readily flushed out most of the oxidizing species
and reduced the sulfate content of the environment in which the carly barite
was deposited. In a bisulfide solution, barite is much more solubie and carly
barite was at least partially corroded as the ore sulfides were simultaneously
being deposited: the conditions would have been more oxidizis 1g than during
transport but less so than during carly barite deposition. The later barite was
primarily deposited vertically above the sulfides but partially with them,
perhaps as the oxidation stute varied erratically across the barite-insolubie
boundary of Fig. 8.7. The end stage of deposition was dccompanied by a
receding flow of solution and renewed deposition of barite in the area of the
main ore body, on top of late sulfides.

The distribution of Mississippi Valley-type deposits in Hlinois und Wis-
consin suggests that there is a rough paralielism between the ground water
tuble and the elevation of the ore deposits, although there is a regionul
straunmplnc dxp to the south and west. Localization of the ores may well
have been at an ore solution-ground wuter interface where oxidation,
acidi ﬁumon dllutlon, and decrease in temperature all came about simul-
mneouﬂ) An implication of our model is that drilling under these deposits

for extensions of the sphalerite ore in depth would be unlikely to succeed

because the solubility of sphalerite does not change sufliciently cither with

pressure or temperature (to 200°C) to make deposition ut depth probuble.

- On the other hand, the solubility of covellite, and perhaps other copp

sulfide minerals, does change sufliciently with temperature to suggest that
copper deposits could underlie these zinc-lead deposits if these particular ore
solutions ever contained copper in significant amounts.

SUMMARY

Transport of base metals in bisulfide or sulfide complenes .x,\pg s to lx
both geologically and chemically feasible at temperatures up to 250°C
perhaps higher. These wmph \es are stable within the lnmlmu mmhlmn\ of
PH S fop, temperature, und pressure where transport. must take place.

Caleulated solubilitics lie within the range of our present best, but pooT,
estimates of required concentrations. The physical.and chemical Tactors
which could cause deposition from these complexes appear to be compatiblie
with the inferred geological environments of deposition. Therefore, at least
to 250°C, the evidence supporting sulfide complexing as a mechanism of




STATE

Missouri grants a three year prospecting permit; annual rental
is $1.00 per acre. Under a lease, royalty varies from 4-5% of
the gross value of the concentrates. A copy of the prospecting
permit and lease is in Appendix D.

PRIVATE

In 1959-61, three to four year purchase options were obtained

on private land for $1.00 an acre annual rental. Purchase

prices were $125-$150 an acre, no royalty. I have no copies

of these agreements as Shannon County has no copy machine.
DRILLING

Tenco Drilling Company, Rolla, quoted $2.25 a foot for rotary

drilling, with penetration rates of 400 feet a day.

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Deposits in which copper is an important element do exist in
Missouri. The possibility for discovering copper or copper-
nickel-cobalt ores similar to those in the Mine La Motte and
Madison Mine at Fredericktown is good. The problem will be
to find a deposit large enough and rich enough to meet the
requirements of a major mining group. Based solely on past
production, exploration priorities should be: Fredericktown-
Eminence-Ste. Genevieve.

RECOMMENDATIONS

I should spend one or two more months searching the literature
and compiling. Specifically, the Leadwood-Flat River-Bonne
Terre and Annapolis Areas (Figure 5) should by studied. The
Bunker Hill Company should be contacted as regards the status
of the Higdon Mine. A review of the recent literature on the
geochemistry of lead, zinc and copper would be helpful.
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