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CHAPTER 1.

THE NATURE, COMPOUNDS, OCCURRENCE
AND USES OF LEAD AND ZINC.

PROPERTIES OF THE METALS.

Lead is a soft, heavy metal of a blue-gray color, (which takes
its name lead-gray from the metal) with a bright metallic luster on
fresh surfaces. On exposed surfaces it tarnishes to a dull, dark gray.
It has a hardness of 1.5 of the Moh’s scale, which means that it is
easily cut by a knife and can be scratched by the finger nail. Its
speciliq gravity is 11.37. Its fusibility is 1 of Von Kobell’s scale,
“which means that it fuses easily in a Juminous lamp or gas flame, or
in a closed tube below red heat (344° C. or 633° F.). At a red heat
it volatilizes rapidly. It is malleable and can be hammered into thin
sheets though not so thin as silver or gold, and is easily rolled into
sheets which are pliable. It is ductile though not to a pronounced
~degree and can be drawn into only tolerably fine wires. Lead is al-
ways more or less impure unless made by special processes. Lead and
ail its  compounds are poisonous. :

Zinc is a white, lustrous metal on fresh surfaces, but tarnished
surfaces are a dull, light gray. Tts hardness is greater than that of
lead, 2 in the mineral scale, and its specific gravity is 7.17. It melts
at a dull red heat, $10°-430°C., and volatilizes at 1000°C. At ordin-
ary temperatures it is brittle but becomes somewhat malieable and duc-
tile at 100°-150°C. At 200° it again becomes brittle. . Zine is easily’
oxidized and the coating of oxide remains on the surface protecting
the metal beneath from further oxidation. It is this property which,
renders zinc valuable for many of the uses to which it is put. Chem:
ically, zine is an active element and displaces several of the other metals
from their compounds.

HISTORY OF LEAD AND ZINC.

The history of lead and zinc is discussed in some detail by wans-
low in Volume VI of the Missouri Geological Survey. This vormme
is unfortunately out of print but the historical portion has been, re-

produced in Volume VIII of the University Geological Survey of
1 Gs '



¥ OKLAHOMA GEOLOGICAL SURVEY.

Kansas. In the present report a brief abstract of Winslow’s pape:
ig given and the reader is referred to the two reports mentioned abow
for more complete detail, and for the bibliography.

Ilistory of lead. Tead and its properties have been known for
a long period, reaching back to the beginuning of history. In America
lead docs not seem to have been separated from its ores in prehistoric
times. No lead is found in the mounds of the Mississippi, Valley
The Indians probably learned the reduction of lead from the white men

In Africa and Asia lead has been worked since the beginning of
higtorical times. The carliest Bgyptians used it for many purposes
and the Chinese were acquainted with the metal as early as 2000 B. C
Important deposits of silver-lead ores in Asia Minor and in Indis
were worked in very early limes.’ '

In Turope lead mining began along the shores of the Medi-
terrancan where the knowledge of the metal was acquired from the
cast.” The famous lead mines at Laurium in Greece were probably
worked as carly as 1200 B. C., extensively worked in the 6th and 5th
centuries B. C., and to a more limited extent down to the begifining of
the Christian era. Mining was revived in this region in 1865.

The Phoenicians and Carthaginians worked the mines of south-
ern Spain and probably those of northern Spain, southern Irance,
Sardinia and Sicily. After these countries were conquered by the
Romans the latter continued the lead mining in these regions and
extended the operations into France and England, southern Italy and
perhaps into Austria. Some of these mines have been revived in
comparalively recent times and are still being worked.

There seems to have been little mining of lead in Germany in
early limes. Mining in the Harz Mountains seems to have begun
in the 10th century but was not active until the 15th. The Silesian
mines were producing in the 13th century. The German mines have
been actively exploited since the 15th and 16th centuries. In Bel-
gium mining was begun at an early period and continued to be an
important industry up to comparatively recent times. The' mines are
praclically exhausted at present. In Russia, mining opecrations on an
extensive ecale were not commenced until the 16th and 17th centuries.
Lead mining in Great Britain was commenced by the Romans and
coniinued less actively by the Saxons and Danes, but the production first
became important about the 15th century and has continued up to the
present.

In North America the earliest lead mining was in Mexico where

the Azlecs mined the silver-lead ores before the Spanish conquest.
s'l‘he Spaniards began mining here in 1520 bul the most important
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development was after 1700. Since 1821 mining has been a very
active industry principally through the influence of English and Ameri-
can capital. '

Lead mining was begun in the United States near'Jamestdwn,

.Virginia.‘ The Wythe County deposits in the eastern part of the state

were djscovered in 1750 and have been worked intermittently up to
the present. Some lead was mined in the New England States, New
York, and Pennsylvania prior to 1850 but very little has been produced
east of the Appalachian Mountains since that time. The production of.
these states has not reached 100 tons of metallic lead in any year since
1907, . ' :

Lead ore was found in the Mississippi Valley about 1700. The
development of the southeastern Missouri ores began at Mine La Motte
in 1720. It was much later before the ores of the Joplin district were
discovered. These were not known before 1850 and were not developed
until 1870. * A more detailed history of this district is given in another
connection. The northern Mississippi Valley ores in Iowa, Wisconsin,
and Illinois were worked slightly from 1790 to 1821. In these states
the industry became very important in 1840 to 1850 but has declined
since that time, while zine mining has increased in importance.
In southern Illinois and the adjacent parts of Kentucky mining be-

gan about 1840 -and was most active from 1865 to 1875.

Practically all of the important silver-lead deposits of the western
states have been discovered in the last half-century. The principal
deposits in Utah and Nevada were discovered between 1860 and 1870,
In Colorado, the Georgetown deposits were discovered in 1866,, the Lead-
ville deposits in 1874 and the Aspen deposits about 1880. In Idaho,
the Idaho City deposits were discovered about 1867, the South -Moun-
tain deposits about 1871, the Wood River in 1872, and the important
Coeur d’Alene deposits were found about 1880, although the value.of the
lead deposits ‘was not recognized until a few years later.

History of zinc. Although zine as a metal is a product of recent
times, its ores have been known' for a considerable period. The ores,
principally the silicate and the carbonate, were used in the producd
tion of brass before the Christian era. It is probable that the meta)]
was first found as an accidental product in the furnaces used in pro-
ducing brass. The first intentional production of zine in Europe pwa
about 1720 although it has been produced in Asia as early as the ¥4t
century. Works were established in Tngland in 1743 and on the isons
tinent in Silesia about 1798. The Belgian process of reductionuwas

‘established in 1809 but it was not until 1820 that the mn.nufactu!p of

zine in Kurope became a well established industrv. :
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Very little zine has ever heen produced in South America and in
North America outside of the Unifted States.

In the United Stales the zinc ores usually accompany the lead
ores, but in the early days of mining in this country the zinc ores
were not recognized and their value was unknown. In many cases
they were mined with the lead ores but were discarded, and no use
was made of them until early in the 19th century. Zine was first
manufactured at the arsenal at Washington in 1838 from the red oxide
ore of New Jersey, which had ‘been discovered in 1820. Works were
established at Newark, New Jersey, in 1848, and at Bethlehem, Penn-
sylvania, in 1853. For some time zinc white was the only product
from the Pennsylvania ores but in 1860 the metal was obtained on a
commercial scale. The Virginia and Tennessee ores were not utilized
until after the Civil war. 1In the upper Mississippi Valley the zine
ares. were firsk smelted at T Salle, Tllinois, in 1860 althpugh they
were known for some lime previous. Zine was manulactured in Mis-
souri in 1867 at Polosi, and in 1869 at Carondelet. The use of ores
from the Joplin district hegan in 1871 and the first ove from this dis-
trict was shipped to Tia Salle but smelters were built at Weir City and
Piltshurg, Kansas, in 1873. The first smelters in southwestern Mis-
souri were built at West Joplin in 1881.

The recovery of zine in the western states has been largely in-
cidental to the working of the ores of other metals, especially those
of lend and silver, and its hislory is closely connected with that of the
development of the lead ores which has already heen briefly noted.

MINERALS CONTAINING LEAD.

The principal minerals containing lead as an important constituent
are galena, cerussite, Jeadhillite, anglesite, pyromorphite, and minium.
Besides theee there are several other lead minerals which are so rare
or which occur in so small quantities as to be of no value as a source of
lead.

Nalive lead.  Tiead is very ravely found in the native state. It
sometimes occurs in very small quantitics where it has heen reduced
from the sulphide or other minerals. It also occurs in a few metorites,

(falena (PhS) is the sulphide of lead, containing, when pure, 86.6
per cent lead and 13.21 per cent sulphur. 1t is of a bright iead-gray eqglor
with a melallic Tustre. 1t eryslalizes in Lhe orthorhombic system and
has a perfect cubic cleavage. The form of occurrence is in  im-
perfect cubes although oclahedral forms are sometimes found. The
specilic gravity is 7.4 to 7.6; hardness, 2.5; and Lusibility, 2. TIn na-
ture galena is always more or less impure, silver  and the sulphides of
2ins, copper, cadmium, and bismuth heing the principal impurities,
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Galena, which is called “mineral” or “lead” by the miners is by far the
most important ore of lead.

Cerussite (PhCO,) is the carbonate of lead, containing when pure,
16.5 per cent of carbon dioxide and 83.5 per-cent of lead oxide or 77.5
per cent of lead. Its color is variable, ranging from white through gray
inte black, and is sometimes tinged blue or green by the presence of
small amounts of copper compounds. The lustre is adamantine. -Cer-
ussite crystallizes in the orthorhombic system, and occurs as plates, prisms
and in tabular forms, is sometimes compact or earthy in irregular shapes
or may be granular, stalactitic or fibrous, or a powder coating galena.
Tts fracture is conchoidal ; cleavage, distinet; specific gravity, 6.55; hard-
ness, 3.35; fusibility, 1.5. Cerussite is probably formed through the
oxidation of galena to lead sulphate and the subsequent action of sur-
face waters carrying carbon dioxide on the sulphate. It gencrally con-
tains small quantities of silica, iron and clayey matter as impurities. As
an ore of lead it ranks far below galena in importance but is of con-
siderable value locally.

Anglesite (PbS0,) is the sulphate of lead, containing, when pure,
6.4 per cent sulphurtrioxide and 73.6 per cent lead oxide or 68.3 per
cent lead. It crystallizes in the orthorhombic system and is prismatic,

~ tabular or pyramidal when crystalline. Anglesite occurs in small quan-

tities in cavities in galena crystals, is sometimes stalactitie, but is more
commonly massive, granular or compact. It often forms a powdery coat-
ing on galena and crystals of galena may be largely altered to anglesite,
leaving only a kernel of galena inside of concentric layers of anglesite.
The color is white, pale yellow to pale green; lustre, adamantine, vitre-
ous or resinous; cleavage, distinct; fracture, conchoidal; hardness, 3;
specific gravity, 6.35; fusibility, 2.5. Anglesite seldom ‘occurs in suffi-
cient quantities to be important as an ore of lead. :

Pyromorphite (3Pb,P0,),.PhCl,) is a phosphate of lead, con-
taining 76.3 per cent of lead. It may be green, brown, yellow, gray,
or white in color, and has a resinous lustre. It crystallizes in prismatic
forms of the hexagonal system. When not crystalline it may be botry-
oidal, reniform, fibrous, granular or massive and earthy. Fracture is ir-
regular; specific gravity, 6.5-7.1; hardness, 3.5-4; Tusibility, 2. Impuri-
ties are often present, the principal ones heing lime, arsenic, chromiun,
and iron. It is not important as an ore of lead. ‘

Other minerals. In addition to the ones named above a large nym-
ber (about 50) of other minerals contain lead, but they are never abuhd-
ant cnough to serve as a source of the metal. Among these areighe
hydrous sulpho-carbonate, leadhillite; the chromates, crocoite, phd#ni-
chloite, and vangueinite; the molybdate, wulfenite, the arsenate, mffne-
tite; the vanadates, vanadinte and descloizite; the oxide minium. and
many. others.
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MINERALS CONTAINING ZINC.

Native zinc has been reported in Australia, in Georgia and in
California! but it is extremely rare.

Sphalerile or zinc blende (%nS )is the sulphide of zinc containing
when pure, 33 per cent of sulphur and 67 per cent of zine. Pure
sphalerile is almost colorless but it usually contains sufficient ironm to
give it a yellow or brown and sometimes black color. Green and lead
blue sphalerite also occur. This mineral is transparent to translucent
with a resinous to adamantine lustre and it crystallizes in dodecahedral
forms of the isomelric system, very commonly twinned. 1t occurs in
imperfeet crystals, isolated, or in large masses with well developed
cleavage, in fine grained or compact masses, or disseminated through
the various country rocks with which it may be .associated. It may
also be found lining cavities in the rock or as stalactites. In the Joplin
district it is sometimes found as a white clay-like substance in pockets
where it has apparently been re-deposited from solution. Sphalerite
is brittle with a conchoidal fracture and with well developed cleavage
in the large crystalline masses. It is specific gravity is 4.05; hardness,
#.5-4; fusibility, 5. At very high temperatures sphalerite volatilizes,
apparently without passing through the lignid condition. Iron and
lnanganese are very common impurities, while lead, copper, cadmium
and silver are less commonly present. Tt is by far the most important

ore of zine, and is often known as “jack,” “black jack” or “resin jack.”

Calamine (Zn(OH), Si0,) is the hydro-silicate of zinc, contain-
ing 54.2 per cent of the metal. It is colorless to pale green, blue, or
hrown, transparent to translucent, with a vitreous lustre, It crystal-
lizes in the orthorhombic system, in tabular and prismatic forms, or
grouped in sheaf-like forms. It occurs in mammillary and granular
forms, in sheaf-like aggregates, lining cavities and in masses in clay. The
cleavage is perfect along some faces; fracture, uneven; specific gravity,
3.45; hardness, 4.5-5; fusibility, 5. Clay is the principal impurity but
iron and other metals may occur in small amounts, Calamine . is
probably formed by the action of surface waters upon sphalerite and
is an important ore in workings above the level of ground water. 1t is

known to the miners as “jack” or gray jack (in some districts) and as
“gilicate.” '

Smithsonite (7n CO,) is the anhydrous zinc carbonate, containing
52.03 per cent of zinc. Tt is normally colorless, hut is often gray and
may be tinged, hrown, green or blue by impurities, and is translu-
cent with a vitrcous Justre. It crystallizes in the hexagonal system
but is usnally botryoidal. and. also occurs in stalactitic, incrusting and
compact granular or earthy forms, resembling those of calamine. Tt

Winsiow, Mo. Geol. Surv., vol. VI, p. 24.
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ftens forms psendormorphs after other minerals.' Smithsonite is
l(;rittle with anpuneven fra%ture. Its specific gravity is 4.30-4.35; hard-
ness, 5; fusibility, very high. Iron, manganese, magngsmm,.culc‘mm and
cadmium compounds are common impurities. Smithsonite is often
intimately mixed with.calamine and with clay. It is an important ore
of zine in some localities (Northern Mississippi field) where it ge-
curs mear the surface in the oxidized zone. The miners of this field
commonly call it “dry bone” ore, although the same term is applied to,
the lead carbonate, cerussite, in.other districts. :

" Hydro-zincite (ZnCO427Zn(0H),) is a phosphate of lead, con-
containing 60.47 per cent of zinc. It is white, gray or yellowish in

. color. While it may occur in crystalline masses it is usually earthy or.

compact. Its specific gravity is 3.6-3.8; hardness, 2-2.5; fusibility, high,
It is of rather common occurrence but is usually in too small quan-
tities to be of any importance as an ore.

Zincite (Zn0) is the oxide of zine, containing 80.3 per cent.or'
the metal. The color of the native zincite is orange to deep red with
adamantine lustre. Specific gravity is 5.43-5.7; harfiness, 4-4.5; in-
fusible. Zincite is usually an original mineral and is of rare occur-
rence. It is important as an ore only in the Franklin Furnace dis-
trict of New Jersey.

Willemite (Zn,Si0,) is the anhydrous zine silicate containing
58.62 per cent of winc. The color varies from wh}te to greenish
through gray, yellow and brown to red. Willemite is transparent to
opaque with a resinous lustre. Its specific gravity is 3.89-4.18; hard-
ness, 5.5. The mineral is not abundant in nature and is produced
as an ore only in the New Jersey field.

Other minerals. Franklinite, the ferrate of zinc is a black mine}'nl
with metallic lustre. It is common in some of the New Jersey zine
mines but is otherwise very rare. Zahnife or zinc spinel is an alumin-
ate of zinc occurring at several localities buf in small quantities. There
are many other’ minerals of zinc but they are so rare and occur in such
small quantities that they are of no importance from an economic
standpoint.

OCCURRENCE OF LEAD AND ZINC IN THE UNITED STATES.

In this connection the general conditions of the oceurrence of;
lead and zinc ores and the principal deposits of these metals in ?haav
United States are brieflly noticed. The deposits of the Joplin district
of which the Oklahoma area is a part, are considered more fully in
succeeding chapter. .
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Classes of Deposits,

There are three general classes of lead and zinc ores: (1) thos
practically [ree from copper, silver and gold, (2) those carrying silve:
and gold with usually some copper in addition, and (3) the lead-silve
ores which consist of galena or oxidized ores containing notable amount:
of silver. The sccond and third groups are confined to the . Rocky
Mountain and Western States while ores of the first group occur ir
the Mississippi Valley and in the Eastern States,

Modes of Occurrence.,

“Zine and lead ores may occur under a variety of conditions, viz:
(1) as true metalliferous veins; (R) as irregular disseminations, formed
by replacement or impregnation in limestones . or f(uartzites; (4) in
contact metamorphic deposits; (5) in cavities not of the fissure vein
type; and (6) in residual clays.””2 The famous zine ore deposits of New
Jersey belong to the sccond class, the ores of the remaining Fastern
States and of the Mississippi Valley principally to the third, fifth and
sixth classes and those of the Weslern Stalos to the first, second, third
and fourth. While the deposits of holh (he Mississippi Valley and
the weslern region contain examples of the third class (irregular mas-
ses or disseminations produced by replacement of limestone or quartzite)
(he origin of this type of deposit in the two regions is very diflerent
as will be noticed in the discussion of the difTerent producing areas.

Nature of Ores.

As has already been noted the principal ores of lead and zine are
the sulphides, galena and sphalerite. These minerals may be original
consliluents of igneous rocks but in ore deposits arve almost invariably
deposiled from aqueous solution. While in solution the metals are
probably in the oxidized form as sulphates, hut are precipitated as the
sulphides by the mixing of the solution with reducing solutions or by
the solution coming into econtact with reducing agents. Organic mat-
ter is usually regarded as the principal reducing agent hut several other
substances probably play an important part in the reduction.

After the sulphides arc formed the surface of the ground is low-
ered by erosion and the upper parls of the deposits may he exposed.
Part of the ores may be carried away and lost il erosion is rapid but
probably ihe greater part of the ores necar the surface, which are al-
feeted hy surface waters, are oxidized to the sulphates and carbonates,
These are dissolved and carried downward by percolating waters, When
these reach' lower levels they encounter reducing conditions and the

2. Rles, I., Economic Geology Of the Unlted States, p. 427.
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esantetals are again precipitated as the sulphides. This process greatly

enriches the deposits at the level of the precipitation and is known as
sccondary sulphide enrichment.

In the majority of deposits of lead and zinc ores, then, the ores at a
depth greater than that reached by the oxidizing waters from the sur-
face, will be principally galena and sphalerite, while above this level
the ores will be principally the oxidized ores, cerussite, calamine and
smithsonite, with usually some unoxidized galena and sphalerite.

Geographic Distribution,

In the United States the ores containing lead or zine or both in
association with copper, silver, and gold are confined to the Rocky
Mountain and Western States, principally Idaho, Colorado, and Utah;
the ores containing lead and zine or lead -alone, without the precious
metals occur in the Mississippi Valley, principally in southwestern Wis-
consin and adjacent parts of Towa and Tllinois, and in southern Mis-
souri and adjacent parts of Kansas, Oklahoma and Arkansas; the ores
containing zinc alone or zine with some lead and without the precious
nctals occur in the eastern states, principally in New Jersey and in-
Virginia, ' ' : ‘

Geologically, lead and zinc ores occur in small quantities in the rocks
of all geological ages, but most of the important deposits are in the
Paleoznie group and especially in rocks of the Cambrian, Ordovician and
Mississippian ages. '~ There are some important deposits in pre-Cambrian
rocks.

Description of Producing Areas.
EASTERN STATES.

New Jerseyd. 'The zinc ores of New "Jersey occur in Sussex
County. Two ore hodies, one at Mine ITill near Franklin Furnace and
one at Sterling ITill near Ogdenshurg, two miles to the south are work-
ed. Both ore hodies are spoon or trough-shaped bodies lying in meta-
morphosed pre-Cambrian limestone. The Mine TTill deposit is near the
confact of the limestone with the gneiss hut the Sterling Hill ore body
is ahout one-fifth mile from the outerop of the gneiss. These deposits
have been known since about 1650 and in 1838 the first zine manufac-
tured in the United States was made from the Mine ITill zincite at thd
United Stales arsenal at Washington. It was not until about 1850 thaf
active development began.. For several years the ore was used in.ithe
manufacture of zinc oxide but in 1860 the manufacture of speiter from
the ore was placed on a commercial basis and development has procdided
rapidly since that time.

3 Spencer, A C. Franklin folio (No, 161); Geol, Atlas, U. S, U. s.
Geol. Survey.
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The ores of these bodics are unique in that they consist of the
oxide of zine, zincite, the anhydrous silicate, willemile and a mixture of

the oxides of zinc, iron and manganese, franklinite. These minerals

are very rarc in other localities and there is no other place in which
they occur in this association. Some calamine and smithsonite were
produced from near the surface. The ore bodies are usually called veins
but are really layers in the limestone which are not sharply separated
from the barren rock. The ore bodies are cut hy pegmatite dikes.
Various theories have been proposed to account for the origin of the
ores, but the matter has not heen definitely settled. Tt is generally
held that the ores have been derived from the limestone subsequent to
its deposition. The folded (trough-like) form of ihe bodies is con-
sidered due to their formation along a certain horizon in the limestone
afler the folding rather than to their formation before the folding took
place. The deposits are cut by pegmatite dikes of later age. The con-
tact metamorphism caused by these dikes has produced an extraordi-
nary nwnber of minerals, many of which are extremely rare except in
this locality. 'The production from these two deposits has been very
great and kept New Jersey second in the list of zinc producing states
for several years. Iarge quantities of both zine oxide and of spelter are
produced and spiegeleisen is made from the franklinite after the separa-
tion of zine.

Virginia-Tennessce Belt. In the folded region of western Vir-
ginia and eastern Tennessce there are some deposits of lead and zinc
oreg which have been worked in a small way. The ores are associated with

the Knox dolomite of Camhro-Ordovician (Ozarkian) age. They oc-

eur in two ways: (1) as oxidized ores, cerussite, calamine and smith-
sonite in residual clay, and (2) as galena and sphalerite in fault breccias
and along the axes of anticlines where the rock has been broken and
breeciated!.  This district has not so far been important as a producer,
but promises further development. :

Pennsylvania®.  “The Saucon Valley deposits promised at one time
to become prominent producers, but have not, awing more to geological
conditions than to actual scarcity of ore.”

MISSISSIPPI VALLEY.

Upper Mississippi Valley District® This district includes the
southwestern portion of Wisconsin, small areas in the northeastern por-
tion of Towa and northwestern Illinois. The lead and zinc ores oceur
principally in the Galena formation, a dolomitic limestone of Ordovician
age. The Galena limestone, and dollomite is underlaid by the Platte-

———— 4

4. Nelson, Wilhur A., Resources of Tennessee, vol. 2, No. 3, March, 1912,
b.  Rles, 11, Bconomic Geology of the Unlited States, p. 436, 1910,
6, Bailn, I, Foster, Bull, U. S. Geol. Survey No, 294.
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wille limestone and overlaid by the Maquoketa shale. The ore ogcurs in
cracks and crevices and in solution channels and pockets of the Galena
and also disseminated as a replacement of the dolomite,

The rocks generally dip to the southwest at low angles but there
are variations in the dip and also broad low folds. The principal ore
deposits are localized in the synclines

The ores are galena and sphalerite, the former being the more
abundant in the higher levels and the latter increasing in proportion
with depth. Marcasite is associated with the ores and materially low-
ers the grade of the.zinc concentrates. This difficulty has been over-
come in some measure by the introduction of electrostatic separation.
Tt is believed that these ores were derived from the overlying Maquo-
keta shales which have been largely removed by erosion, and also that
they were collected by circulating waters within the Galena itself, and
Wwere precipitated in the Galena by reducing solutions’ mingling with
the ore bearing solutions.

Western Kentucky District.” This field occupies all of Crittenden,
Livingston and Caldwell -counties in western Kentucky. The “ores,.
smithsomite, sphalerite and galena are found in rocks of Mississippian
age, in fissure veins which have been produced by faulting and as metaso-
matic replacement of limestone. The lead and zinc ores are associated
with large fluorspar deposits and are obtained principally as a by-pro-
duct in the fluorspar mining. Basic dikes oceur in the region but are
not generally believed to have had any great influence upon the deposi-
tion of the ores. ‘

Southeastern Missouri District3 This district which comprises the-
major portions of St. Francois, Washington and Madison counties, is,
one of the important lead producing districts of the United States. The
‘ore is galena which occurs for the most part in the lower half of the
Bonne Terre formation, magnesian limestones and dolomites of Cam-.
brian age. The galena is principally a disseminated ore. It is believed
to have been derived from the formations overlying the Bonne Terre -and
to have been carried down into the Bonne Terre by percolating waters and
precipitated there by reducing agents, probably by the dolomite itself.
Upward moving waters under hydrostatic pressure from the underlying
LaMotte sandstone have probably added to the ore deposits.

The Joplin District in southwestern Missouri and adjoining pord
tions of Kansas and Oklahoma is the most important zinec producingy
area, and is also a prominent producer.of lead. This field is domsid~
ered in detail in a succeeding chapter.

7. Smith, W. 8. Tangler, Prof. Paper U. S. Geol. Survey No. 36, 19%5.
8. Buckley, E. R., Missouri Bureau of Geology and Mines, vol, IX.
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Northern Arkansas® 'The Cambro-Ordovician limestones and dolo-
mites of northern Arkansas contain some deposits of lead and zine
which have been worked on a small scale for many years, but which have
never hecome important producers.

ROCKY MOUNTAIN AND WESTERN STATES.

Tn the Western States the ores are much more complex than in
the castern and Mississippi Valley regions. They usually carry gold
and silver, copper, manganese and other metals. They are almiost in-
variably associated with faulting, folding, and in the majority of cases
with igneous infrusions from which the ores have heen derived. Zinc is
much less abundant than lead and the production of the western states is
small compared to that of the eastern and central states. Only the
more tmportant of the deposits are noticed in this connection.

Idaho® 1daho has for some ycars been either the first or sccond
state in the produclion of lead. The principal production is from the
Cour d’Alene distriet which lies on the weslern slopes of the Cour
d"Alene Mountains in the northern part of the State. The lead deposits
are metasomatic fissure veins of galena in a thick series of pre-Cambrian
shales, sandstones and quartazites. Monzonite dikes are associated with
fhe deposits and the ores are thought to have heen deposited from hot
solutions rising from the intrusions. The galena carries much silver,
about onc-hall ounce for cach per cent of lead per. ton.  The bulk
of the ore ranges from 3 to 14 per cent lead and 2.5 1o 6 ounces of
silver per ton. 1t is concentrated to about 50 per cent lead. Sphalerite
and pyrite accompany the ores but little zine is produced. The galena
reaches a known deplh of 2600 feel hut ihe deposits hecome poorer at
1000 to 2000 feet. "I'he upper portions of the ore hodies are oxidized.
T'he districl also conlains workable gold and copper deposits,

Colorado. In south-central Colorado {he Leadville camp has been
one of the important producers for many years.  The lead and zine ores,
consisting principally of galena and sphalerite and thejr oxidized pro-
duels, occur as replacement masses in Silurian and Mississippian dolo-
mile and dolomitic limestones and in fissure veins in Cambrian quartzite.
The region is strongly folded and faulted and here are large intrusions
ol porphyry. The ores were deposited subsequent to the intrusions and
previous Lo the faulting. FKmmons' states that the ores were derived
from the neighhoring igneous rocks, by downward circulating waters,
and were deposited by replacement. 1t was his belief that the original
source of the ores might have heen at great depth. Other writers be-
lieve that the ores were derived directly from the underlying pre-Cam-

8. Adams, Geo. L, Prof. Paper U. 8. Geol, ‘Survey No. 24.
10. Ransome, F. L., Prof. Paper U. S. Geol. Survey No. 62.
11. Mon. 1. S. Geol. Survey, vol, 2; Bull. No. 320.
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bwian granite by an upward circulation.- The lead &nd zine ores carry
gold and silver and are associated with manganese, copper and bismuth
ores.

Mines at Creede, Colorado, furnish lead and zinc (galena and
blende) which occur in fissure veins.

At Aspen, silver-lead ore is found in limestone of Carboniferous
age at the intersection of two scts of faults. Spurr'? believes that the
ores were deposited from magmatic waters which moved upwards along
these intersections, precipitation being due to the reaction between the
magmatic waters and the wall rocks. Silver and lead are the. only
metals produced at this mine and the former is the more important.

The ores at Rico occur as lodes, replacements in limestones, stocks
and Dblankets, i. e. deposils usually lying paraliel to the bedding planes
or to the sheets of igneous rocks. The geologic section includes rocks
ranging in age from pre-Cambrian to Jurassic, which are faulted and
intruded by igneous rocks. The ITermosa formation of Carboniferous
age is the principal lead bearing horizon and galena is the lead pro-
ducing ore,

Utah?® In Utah the two principal lead producing camps are the
rark City district and the Tintic district. ' .

The Park City district is located 25 miles southeast of Salt Take
City. The rocks consist of about 6000 feet of sedimentaries mostly of
Carboniferous age, in general dipping southwest but traversed by many
fissures, faults and intrusions. In the oxidized zone the ores are cerus-

site, anglesite, azurite, malachite, and in the sulphide zone, galena,.

tetrahedrite and pyrite. They occur as fissure veins and as replacement
bodies in limestone.

About 65 miles southwest of Salt ake City lies the Tintic dis-
trict. Ilere the rocks consist of a thick mass of Paleozoic sedimentaries
which were folded and eroded before being covered by Tertiary lavas
and tufls. The ores occur in zones in the limestones, as fissures in the
igneous rocks and along the contact of the two. Argentiferous galens,
carrying a little copper and gold, is the principal ore. ’

Other states. "The Eureka district of Nevada was once one of the
most important producers but is principally of historic interest nowt
Montana has several camps producing silver-lead ore but none of them
are as large as the ones which have becn described. The same is true o
New Mexico. '

12.. Mon. U. S. Geol. Survey, vol. 31.. . .
13. Ries, H., Economic Geology of the United States, p. 464 et seq.
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PRODUCTION OF LEAD IN THE UNITED STATES.

The production of lead in the United States for the year 1906 to
1910 inclusive in short tons is given in the following table. These
figures do mot include the antimonial lead produced nor the lead con:
tined in pigments made directly from the ore!

1906 | 190/ I 1908 | 1909 | 1910
STATE Quan- Per Quaa- Per Per L
. cent. of] 1aa t. of Oqa"' Quan- ¢ : per
b A IR s I U el S v o
! | | | |
Missourl .. 111,075 31.91) 122,856 33.77| 122,461 l
) ) , ) ABI| 39.67) 142,65
Il](lll‘l‘l'llo . 112;;(7) ;ggg 1‘1;%?62 30.94] 98464 31.82 37'1?3 gggg 185322 é‘ggi
) 56,26 . 699 16.06| 42,4550 13.72] 64534 : '081| 16,
Colorado ....| 60.6971 1461 48876 1343 28728 02 29,3’3«& . 1333 gggg} R
Novada . 1,609 48] 3,380 .08 3,796 1.23) 4.608 131 2108 .21
(Iaconsin 1763 600 3651 98] 4013 130 3.238 02| 38841 104
8“11 oma . I 1040 a1 1408  345|  2%63)  Rel 1805 49
\er states 11,752l 2.79| 11,831 2:88] 9446 263 9.994] 248 sgeal
- 1 - ' .
Total | | I f |
ota ...izno,lsall il 365.166[| | 310,762 354,188! 372,227
| ‘ | '
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1906 | 1907 | 1908 | 1909 1910
: |
Per Per Per Per .| Per
STATE | Quan-|cent of Ql‘."“' cent. of otlillm. cent. of 0“;?‘:" cent. of o‘li','yn ct. of
ity \“Total | Y | Total Y | Total ¥ | Total Total
I | I l [
Missourd ...[130,348] 65,27 141,824] 63.99 123,665 64.83] 140,676| 61.10| 140,662 B6.71
Colorado ... | 32,456 16.25 26,077 11.66] 24,885] 13.05( 20,121 8.74| 23,238] 9.20
New Jersey 11,206]  5.61} 13.6734 6.07| 6.926 3.63] 16,035 6.97 20,217 8.01
Wisconsin 11,067  6.54] 15,273 6.83| 17,638 9.19] 20,381 8.85 19,752 7.82
Kansas ... 3,902 1.96) 13,850 6.19 8,628 4.62 9,185 3.98 10,220] 4.06
Oklahoma . 719 .32 2,235 1.17 3,088 1.81 2,207 91
Montana 1,415] 71 \ 900 A7 4,725 2.05| 12,408 4.91
Utah ... 2,449 . 1.23 1,972 .88 282 .16 5,960 2.b9 7,221} 2.86
Other states| 6,861 3.43] 10,467| 4.34] 65700] 2.88 10,134] 4.41} 16,474 6.68
| | .
| ! [ | | H
Total ..|191;694] 100.00| 223,745] 100.00 190.749i|'100.00| 230,226] 100.00| 252,479]100.00
| | I |

About 60,000 tons of zinc oxide are produced annually in the
United States, of which 90 per cent or more is made directly from the
ore and the zinc contained in the oxide is not comsidered in the above

table.

METHODS OF PROSPECTING, MINING - AND

CONCEN-

~ The tolal production from domestic ores for the United States
in ghort tons in previous years is indicated below. These figures in-

clude the antimonial lead but omit the 1 in pi ; i
fude the mni it the lead in pigments made directly

Years.
1825 to

. Amount.
.......................................................................... 676,200
17,830

. 59,640
07,825

.......... 143,957
e 120,412
...................................................... 143,630
) 165,709
..... 208,466
269,266
276,455
290,194
308,603
............................ 318,509

1900
1901
1902
1903
1904
1905

PRODUCTION OF SPELTER IN TIIE UNITED STATES.
Zinc in the crude metallic form in which it comes from the smelter

is known as spelter. The production of spelter from ores from the dif-

fenent states i ive i i
o Ows:s ates for the years 1906 to 1910 inclusive in short tons is as

14. Mineral Resources of the Unlted States, U. S. Geologlcal Survey.

TRATING.
(Joplin District.)

Geological conditions under which the ores of the Joplin dis-
trict oceur render it unique among the important mining regions of the
world. The shallow depth at which the ore is found makes thorough
prospecting much cheaper and also makes the outlay for shaft sinking
much less than in most other localities. Owing to the discontinuous or
“pockety” occurrence of the upper ore bodies it is not feasible to erect
large central concentrating plants as is the case in most mining dis-
tricts, but is more economical to concentrate the ores in small mills which
can be easily moved. The low grade of many of the sheet-ground ore
bodies prohibits the shipping of these ores to a centrally located con-
centrating plant, but they may be handled profitably by plants of 100
to 400 tons daily capacity located at the mines. 'The abundance of
fuel, water and transportation facilities makes this plan of concen-
fration in many small mills more feasible than in the mining ‘camps of
the western states. The shallow depth at which the ore occurs and the
relative ease with which the rock is worked make it possible to prospect
and even to open a mine with a limited amount of capital so that the
Joplin region has been known for years as a “poor man’s camp.”

Prospecting.

In recent years prospecting has been done almost entirely by means
of the churn drill. Tormerly shafts were sunk in localities which, from
surface indications, were considered favorable and drifts driven from
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the hotlom of the ehaft. The use of a drill saves a great deal of time
and expense in locating the ore bodies and at the present time shafts are
not sunk until the drill has shown the presence of the ore, and some-
thing as to its thickness and extent. For detailed prospecling the drill
holes must be close together and in many cases strings of holes 15 to
20 fect apart are drilled. The cost of churn drilling varies with condi-
tions but in most parts of the Joplin district the cost for holes less than
300 fect falls between $1.00 and $2.00 per foot. In the Miami’ camp
where the surface rocks are soft shales and sandstones the cost of drill-
ing is reported to be as low as 50 cents per foot for the first 200 feet,
but in these cases the drilling rig belonged to the owners of the leases and
depreciation of machinery and interest on the investment were probably
not considered. Core drills have been used to only a small extent in
the Joplin district and not at all in the Oklahomia field.

Mining.

Shafts are sunk after the presence of a considerable ore body is .

shown by the drill. Drifts are driven from the bottom of the shaft
principally by the method known as under-hand stoping.  The ore
after it is blasted loose is shoveled by hand into cans or tubs, of sheet
steel, (occasjonally of wood) holding 500 to 1000 pounds of ore. I'hese
cans are on sinall trucks running on steel rails and are pushed by hand
lo the foot ol the shalt. The drifts are driven so that there is a slight
fall from Lhe working face to the foot of the shaft. ‘I'wo or three
hundred feet is considered the maximum length for the drifts since in
the shallow workings it is considered cheaper to sink another shaft and
lo haul the ore to the mill in tram cars on the suiface, than to have so
long a haul underground,

Ventilation gives little trouble and usually no especial effort is made
to procure forced ventilation. A sccond small shaft is sometimes sunk
to produce a circulation throngh the workings when they become very
extensive.  Pumping is necessary in almost all of the mines. Various
types of steam pumps are used but where the amount of water to bhe
raised is Jarge the use of the centrifugal pump is becoming common,

From the botlom of the shaft the cans arc hoisted by wire cables
attached to a drum at the top of the derrick or head frame. At the top
the ean passes through an opening in the floor of the dumping room,
provided with a trap door which is closed by the operator of the hoist
aller the can passes it. Bach can is fitted with a ring at the bottom.
While the door is being closed, the operator fastens a hook, which is sus-
pended by a rope from a beam or rafter of the roof into this ring and
releases the drum so that the top of the can is lowered a few fect while
(he hottom is held by the rope, thus dumping the can.
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Milling and Concentrating,

The ore is poured from the can onto a “grizzly,” a coarse screen
made of 60 or 80 pound iron rails set about 6 inches apart. The pieces
of ore less than 6 inches in dimension fall between the rails into the ore
bin and the larger pieces are'broken up by hammers until they will pass
through. TLarge pieces of barren rock are sorted out, thrown onto a
small car and dumped from a short track on a trestle.. Two men are
usually employed in breaking the ore so it will pass through the grizzly
and in sorting out the large pieces of harren rock. - .

At the shafts other than the mill shaft the ore bin empties into
tram cars which are hauled to the mill, usually by wire cables attached

o Sl
[ 1 ,

r'__

Fig. 1. Transverse sectlon of power jig (after Crane)

to hoisting drum. These cars are self-dumping with the front end so it
can be lifted from place. At the summit of the incline to the top of the
ore hin the rails of the track turn to the horizontal, while rails which are
set on the outside of the track rails continue the incline.  The front
wheels follow the horizontal rails while the rear wheels, which are wide
follow the inclined rails upward thus lowering the front end of the csr
so that what may be termed the end gate is drawn up by the cable and
the ore dumped. ,

At the mill shaft the ore is fed from the bin to a jaw or Blake

crusher and the crushed material goes to the rolls, of which there are
2 GS
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usually two or three sets which reduce the ore to the proper size.
Screens are placed after each sel of rolls so that the over size material
is relurned to the rolls. "The finer material is sent directly to the iig.

The jig (fig. 1) consists of a large tank, ordinarily built up of two
hy fours, which is  divided by partitions into (usually) six compart-
menis or celle. Each of these cells has a partition built from the top
almost half-way to the bottom. In the front part of the cell a horizontal
screen or graling is set firmly, the grating of each cell of the six being
two or three inches lower than that of the preceding one. In the back
part of the cell a plunger fitting the compartment tightly is worked up
and down by an eccentric on'q shaft. This gives the water with which
the jig is filled an up-and-down motion in the {ront compartment, T'he
ground ore is washed on to the sercen of the first compartmient and the
pulsaling movement of the water causes the heavy lead (galena) to set-
tle to the .bottom and fall through the screen into the lower part of the
compartment which hag sloping sides converging toward the bottom.
I’rom  this bin the concentrates, “hutch”, are drawn off through a
Apigot into a trough from which they are shoveled into cars on a small
track which leads above the storage bins outside the mill. The lighter
chats and sphalerite are washed over into the next cell and in this and
the succeeding cells the sphalerite is removed in the same manner as the
galena is in the first cell while the chats are continually rolled forward
and at the lower end of the screens are clevated and washed down a
shiice way to the tailing pile. In the tailing mills and in some stand-
ard mills a preliminary concentration 18 effected in a rougher jig, which
is constructed in the same way as the ordinary cleaner jig, but instead of
the material passing from one compartment to another, each cell is fed
independently and the overflow and discharge as well as the “hutch” is
taken from cach separately.

The fine or slime material is screened from the crushed ore hefore
the water enters the Jig and is carried to Wilfley tables. The tables
are set at an angle with the horizontal, are provided with riffles, for
part of their length, and have a reciprocating backward and forward
motion.  The ore and water are fed along the upper side and the chats
being lighter ave carried down over the riffles into a discharge trough,
while the galena and sphalerite heing heavier are caught and by the mo-
tion of the table are carried to {he end where there are no rifflcs.
Here they beenme arranged in definite lines (fig. 2) in the order of
theie specifie gravities, the lead toward the top of the table. A [fairly
sharp separation may he made between the galena and ephalerite but
when pyrite is present it cannot be sharply separated from the sphal-
erile since the specific gravities of the two are so nearly the same that
they travel along the table almost together. The pyrite tends to con-
centrpte in the upper portion of the stream of zine and this portion is
often separated and run ‘back over the tables. Some sphalerite is car-
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ried by the coarse sand ‘which passes to near the end of the table, anc
this material may also be returned to be worked over. The galena an¢
sphalerite are caught in boxes provided with overflow pipes. Trom
these boxes the concentrates are shoveled into small cars and wheeled tc
the storage bins,

The brief deseription given above applies to the ordinarily, well
equipped mine and mill in the northeastern Oklahoma field. There i
considerable variation in the equipment of different mines and mille.
In the early stages of development of a mine and in cases where the
extent of Lhe ore body is too small to justify the expense of erecting a
mill, a hand jig may be used for concentration. The ore may be hoisted
by a hand or horse windlass or by a small *hoist driven by a gasoline
engine or steam engine, which also drives the crusher and rolls. TFrom
the rolls the crushed ore is shoveled into the jig.

The hand jig (figs. 3 and 4) consists of a tank, 8 to 10 feet square
and about two feet deep. The tank is well constructed, bound by
plank and angle iron. Upright posts are bolted to the middle of oppo-
sile sides of the tank and extend about two feet above the top; the top
of the posts are notched to form a bearing for a cross beam. At right
angles to this beam is attached a long lever or arm, which is braced to
the beam. The braces extend beyond the beam and from their ends
is suspended a rectangular trough which hangs inside the tank. This
trough is about ome foot deep and is provided with g screen-grating
bottom. The tank is filled with water usually from a launder or feed
pipe and is provided with an overflow pipe. A plug at the bottom of
the tank allows it to be completely emptied.

To operate the hand jig the lever is pulled down so that the trough
is brought above the water and held there by fastening the end of the
lever to a small post. The trough is then nearly filled with the
crushed ore and the lever is released so that the trough comes under the
waler. Ry means of the lever the trough is then rapidly raised and
lowered under water. By the action of the water through the slotted
hottom of the trough, the materials in the trough become arranged in
the order of their specific gravities, the lead (galena) at the bottom,
sphalerite next, and the chats at the top. After the jig is avorked a

few minutes, the trough is raised from the water, the chats are shoveled .

off and the trough refilled with ore. When g good bed of ove has ac-
cumulated it is shoveled out and placed in a storage bin. A lever is
placed on top of the tank on the side oposite the trough. This lever
nas a long hook which may be hooked into an eye hole on the trough.
‘Then when the lever is drawn back and locked the trough is pulled to
the middle of the tank so that the ore which has fallen through the
fcreqn may be shoveled up from the bottom of the tank. The lever which

gived the up and down motion to the trough, is worked by hand, or may

OELAHOMA GEOLOGIOAL SURVEY.

Side view of hand jig.

Fig. 3.
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be aperated by a crank shaft from the engine when one is used f{or hoist-
g or for crushing the ore. It.will be scen that the came princip]é of
separation is used in the power and in the hand iig but that in the power
J1g the sereen is stationary and the water is gi\'én"a pulsating nwV(]ement
hy a plunger, while in the hand jig the water is stationary anfl the pulsa-
Hon is produced by rapidly lowering and raising the screen throueh tl‘le
water.  When properly worked the hand jig is a very eflicient il]%tl":llllél]t
and a surprisingly large amount of ore can he handled by it. \

#F

I"ig. 4. Plan of hang lig.

Electrostatic and Flotation Methods of Concentration.

_ The great diffienlty in the working of zip y i : :
whmh. resulls from the methods in usg both 1; Zf)(;lscérslt:zlllteioile;:dlo'ss
smelting.  The average recovery in the Joplin district is not over (“(;
10_65 per. cent. of the contenis of the ore, and the zinc concentates cm)'--
tain o many impurities that a zinc content of 60 per cent is considured

(he sfandard although pure sphalerite containg ¢7 per cent of zine.
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These impurities lessen the percentage of zine which is recovered in
smelting, and consequently lower the price of the concentrates. This,
as well as the direct penalty imposed on some impurities, such as iron,
makes anything which will, facilitate producing higher grade concen-
trates without too greatly increasing the cost of production, of great
importance. The low grade of the zinc concentrates in the Joplin
region is due principally to the presence of small quantities of sand
(erushed chert) and of iron pyrites.

As has been noticed, the specific gravities of sphalerite and pyrite
are so nearly the same that a perfect separation cannot be made by any
process depending on the diflerence of specific gravily alone as a princi-
ple of separation. The difference in the specific gravities of the sphal-
crite and the gangue minerals (chats) except where barite is present is
sufficient to effect a complete separation if the minerals are perfectly
separated in crushing. This condition, however, is not realized, and
is far from existing when the sphalerite is well disseminated through
the country rock. A particle of material, even after tolerably fine
grinding may contain both chert and sphalerite. Such particles when

"the sphalerite is in excess usually go into the concentrates, carrying the

chert with them and lowering the grade of the concentrates, and when
the chert (or other gangue mineral) is in excess they go into.the tail-
ings, carrying the sphalerite with them, thus reducing the percentage of
recovery.

Fine grinding reduces the ore so that the sphalerite and country
rock are divided in the crushed material. TIlowever, the very fine
ground material requires more time in jigging, increases the amount of
ore to run over the tables, and produces more finely divided galena and
sphalerite which float off and are lost with the tailings. Other factore
aleo enter into the separation of finely ground ore so that the fine con-
centrates arc often of lower grade than the coarser and very seldom are
enough higher in grade to offset the cost of. the extra grinding and the
extra time required in separation,

The nceds of the situation, therefore, are means of concentration
which will remove the pyrite and also make a cleaner separation between
the sphalerite and the non-metallic substances.

The first part of the problem has been in a measure met by roast-
ing the concentrates to a sufficiently high temperature to render the
pyrite magnetic but not high enough to drive off any of the sulphur, and
to pass the roasted product on conveyor belts under:strong magnets
which remove the pyrite. So far, this has not been attempted at the
concentrating mills in Oklahoma. Some of the smelters of the Joplin
region are equipped with the machinery for making this separation and
make a specialty of buying concentrates high in pyrite and removing the
pyrite, thus materially raising the grade of the concentrates and in-



24 : OKLAHOMA GEOLOGICAL SURVEY.

creasing the yield of zine when they are smelted The separated pyrit
i8 used in the manufacture of sulphuric acid nd b price ot
to 4 dollars per ton. P and commands a price of

Instead of roasting the concentrates and se i i
' parating the pyrite b
magnetic means, the electro-static separation may be 11§ed wpi)t,h emi

xjtg?lss()ticélﬁconcent;'ates. This process is briefly described by Siebenthal a

ELECTROSTATIC SE PARATION.

“The process of roasting and magnetic separation continues t
be used for the separation of pyrite from blende on account of cheap
ness, snnphcxty, and eflectiveness of separation; but electrostatic sepa
ration hng made great-advances for such purposes. The principle ol
elect'roetutlc separation is that materials which are good conductors
passing over a surface highly charged with electricity (an electrode)
will be rapidly charged with like electricity and will consequently be
repelled.  Poor conductors, on the contrary, will be slowly affected and
will drop.nearly perpendicularly from the field. A separation is thue
made, which may be made sharper by passing the concentrated material
over a surface charged with the opposite electricity, when the charge in
the good conducting material is reversed and the material is rapidly
repelied, while the poorly conducting material, being charged with ‘op-
posile electricity, is drawh to the electrode surface, Among the good
conductors are nearly all the metallic minerals, and among the poor
conduclors are zine blende and zine carbonate, and nearly all gangue
minerals and country rocks. Thus the Pprocess is especially adapted to
make the difficult blende-pyrite separation.”

 The solution of the problem of better separation of the sphalerite
from.the siliceous country rock scems to be in an application of the
flotation methods. These methods and their application in Europ;
and Australia are described by Siebenthal in-the paper just quoted and
his description is given here:

FLOTATION METHODS.

““The main feature of development in ore dressing during 1908 was
the successful employment of flotation methods in practical use. Sev-
eral of these methods had demonstrated their cfficiency in experi-mcnful
tests and a {ew in actual practice, but it was not until the latter part of
1907 that they were accounted complelely successful and only in 1908
that they were widely employed. They have received their chief ar-
plication in Australia and lturope, but have had several experimentjz;l
tests and a few practical trials in the United Statcs.

, 16. Slebenthal, C. E., Mineral Resources of the Unlte
’ “ a d States, for 1908,
PPL I, U. S. Geol. Survey, 1909 p. 255.
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“Although the physics of ore flotation is as yet somewhat obscure,
it is generally conceded that the principles concerned deal with the me-
chanics of the free surface of a liquid in contact with solids, and in-
clude adhesion, surface tension, and superficial viscosity, the latter 1ore
particularly in the case of the McQuisten process, to be described later.
The liquid in question is water, and the free surface exists at the pe-
riphery of the bubbles of air or.of carbonic acid gas, as well as at the up-
per surface of the liquid. Tn both cases the surface film of water re-
sists rupture by different minerals with different degrees of strength,
varying inversely with the adhesion of water to these different minerals.
The greater the adhesion of water to the mineral the more easily it i3
wetted ; the less the adhesion of water to the mineral the more it resists
wetting. This property of resistance to wetting is the primary factor in
ore flotation. Thus, the surface fllm of water resists rupture by the
sulphides (or the sulphides resist wetting )most strongly, by the ordin-
ary gangue minerals less strongly, and by quartz scarcely at all. It is
found that these differences are emphasized if the material to be treated
is mixed with oil, the adhesion of which to sulphides and gangue ma-
terial is the reverse of that shown by water. Moreover, oil being lighter
than water, is itself an active agent of flotation. Oil also assists i
fiotation by serving to agglomerate the sulphide particles. K

“If carbonic acid gas be generated from the gangue minerals by the
addition of sulphuric acid to the tank in which the ore is being treated,
the small rising hubbles selectively attach themselves to the particles
of metallic sulphide introduced at the bottom of the tank and float them
to the surface, where they are drawn off as an oily metallic scum, the
gangue settling to the bottom. The selective attachment of the gas
bubbles, upon which the success of the flotation and concentration de-
pends, is a measure of the degree of adherence of the gas bubble to the
different sulphides -and gangue minerals; and that in turn is an inverse
measure of the adhesion of water for the same particles. The particle
of sulphide for which water has least adhesion-—that is, which resists
wetting most strongly or with which water has the largest angle of
capillarity—will on coming in contact with the gas bubble be forced
farther into the bubble, with resulting greater adherence to it..

“Among the means used to accelerate the process and effect a more
perfect separation are deepening the tanks, heating the liquid, and pars
tially exhausting the air above the liquid in the tank.

“The forces employed in ore flotation are most delicately baiammed
Consequently in any given case the process to be worked will reohire
adjustment to the character of the ore by careful experimentation. This
undoubtedly accounts for the local failure of flotation processes else-
where successful. The zincy tailings so well treated in Australia seem
especially adapted to flotation. Iixperiments indicate that this suc-



26 OKLAHOMA GEOLOGICAL SURVEY.

cess is largely due to the proportion of gangue to sulphide and to the
presence of manganese and iron carbonales in the gangue. Experimen-
tally the clean zinc concentrates refused to float. Upon the addition of
the Tequisite amount of inert gangue the flotation was successful. But
on the addition of an excess of inert gangue all sulphides, including
the zinc sulphide, sank. As to the presence of an air film enveloping the
sulphide particle and the part this film plays in the {lotation there ig
difference in opinion. The papers of Messrs. Swinburne and Rudor[®
and of Professor Hluntington more over® while rather sharply opposed as
{o interpretation of the general facts of ore flotation, offer about the only
available experimental data. These papers and their discussion” com-
prisc a general exposition of the subject from several points of view.
As has been shown in the foregoing notes, the field of flotation concen-
tration is limited to the separation of the minerals which resist wet-
ting (generally the metallic sulphides) from the casily wetted minerals
and gangue. Where two or more minerals are floated, a further sep-
aration must be made, magnetic or table, as the case may necessitate.

FLOTATION IN AUSTRALIA.

“Tn the Broken Hill district of Australia there are large accumu-
lations of zinciferous tailings, the result of years of exploitation of the
zinciferous silver-lead ores. By various authorities these heaps of tail-
ings are estimated to amount to about 6,000,000 or 7,000,000 long toms,
and to contain about 1,200,000 long tons of zine, 350,000 long tons of
lead, and 40,000,000 ounces of silver. Several of the companies min-
ing these ores have developed flotation processes, more or less similar and
all employing the buoyancy of air or carbonic acid gas bubbles. The
oxidized and weathered tailings are somewhat harder to handle than the
fresh tailings, but the addition of sulphuric acid to the solution cleans
off the oxidized film and renders the sulphide particles subject to the
forces of flotation.

“The importance of Australian competition in the production of
zinc ore justifies a brief description of the principal flotation methods in
use in that country. According to a table published in the London
Mining Journal, the recovery of zinc concentrates from zincy tailings,
both new and old, in the Broken Hill district in 1908 was as follows:

a Swindiburne, J., and Rudolf. The physics of ore flotation: Trans.
Faraday Soc., vol.-1, pt. 4, pp. 336-344.

b Huntington, A. H., The concentration of metalliferous sulphides by
ﬂotntlon:l T'rans. Faraday Soc., vol. 1, pt. 4, pp. 346-355. :
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Production of zinc concentrates at Broken Hill, New South Wales, in 1908y
by companies and processes.

Company. Process Tailings. Concen-

trates.
. Long tons. Long tons.
Sulphide Corporation ...l b 182,340 98,000
Brokea Hill Preprietary ... 2 ....276,703 64,373
Zinc Corporation ... eeamnnereee 131,966 45,707
Mineralg Separation Co. nBallot e reereaae 32,197

De Bavay's Tieatinent Coi cooeeeeeremcencnssen De Bavay 74,187 22,690

“The Broken Hill Proprietary Company (Limited), with a dump
pile of 3,000,000 tons of tailings, first used the Delprat process, em-
ploying a dilute solution of salt and sulphuric acid as the agent of flo-
tation. Litigation between this process and the Potter dilute sulphuric
acid process, resulted in a compromise by which the Proprietary Com-
pany obtained the right to use the Potter process, and the owners of the
Potter process were granted the use of the Delprat patents elsewhere
in Australia. The plant operated by the Proprietary Company, now
using the Potter process, has an annual capacity of over 50,000 tons
of 42 per cent zinc concentrates.

“The Sulphide Corporation (Limited), operating the Central mine,
has a tailings stack of over 1,000,000 toms. The tailings are worked
by the Minerals; Separation Company operating the Sulman-Picard-
Ballot process, in which the tailings are mixed with a small quantity of
oil or oleic acid and some mineral acid and then violently agitated with
the water in the flotation tank, the sulphide concentrates rising in -a
froth. Two plants are in operation, one upon the weathered tailings,
the other upon the current product of the mine. The total daily capa-
city is about 1,200 tons of tailings.

“The zincy tailings from the Broken Hill North mine are handled
by the DeBavay process, In this process. the tailings, in the form of a
thin paste, are gasified with carbonic acid gas and fed upon inclined
tables which discharge into a trough where the sulphides float off and
are carried to the bin for concentrates. The carbonic acid gas used
may be ordinary flue gas. This process is slower, morc complicated,
more delicate, and apparently more expensive than. the other processes,
but is claimed to effect an almost perfect saving of the zinc. The De
Bavay’s Treatment Company has also acquired 370,000 tons of tailipgs
from the Broken Hill Proprielary Block 10 Company and the current
tailings output of the Broken Hill South Silver Mining Company.

“The Zinc Corporation (Limited) was formed to acquire the stfcke
of old zinc tailings. Among the tailings purchased were those of the
Broken Iill Proprietary Block 10 Company, Broken Hill South Silves
Mining Company, British Broken Hill Proprietary Company, anc
Broken Hill Proprietary Block 14 Company, amounting in all to ove
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2,000,000 long tons. These, with the current output of various mines
already contracted for, are estimated to be sufficient to supply the
present plant eleven years. The method used in the Elmore vacuum pro-
cess, employing oil and dilute sulphuric acid, the flotation being assisted
hy a partial vacuum. The plant has a capacity of 806 tons of tailings
per twenty-four hours. The tailings assay 20 per cent zine, 5.75 per
cent lend, and 8 ounces of silver to the long ton. The concentrates from
the vacuum separation are treated on £0 Wilfley tables, which make 2
products, assaying as follows: (a) Zinc, 46.5 per cent; lead, 7.25 per
cent; and silver, 16 ounces to the long ton; (h) lead, 58 per cent; zinc,
15 per cent; and silver, 39 ounces to the long ton.

FLOTATION IN EUROPE.

“The Elmore vacuum process has been installed in a considerable
number of Turopean mines, chiefly to separate copper sulphides from
various gangue minerals, but in some jnstances to recover zinc blende.

FLOTATION IN THE UNITED STATES.

“Several systems of flotation have been developed in the United

States and the Elmore and McQuisten processes have heen tried at a

number of places in the United States, as. shown below.

“The ‘Criley and Everson oil process’ was tried at Baker City, Oreg.,
in 1890, to separate sulphide ores from their gangue.2 The crushed ore
‘was mixed with black, thick oil and added to water slightly acidulated
with sulphuric acid and heated to near the boiling point. The sulphides
rose to the surface in a thick scum, leaving clean quartz gangue behind.
No details of further commercial utilization of the method are available.

“The Sanders flotation process was first tried in western Kentucky
to make the difficult separation of zinc blende from fluorspar.  The
crude ore, containing lead, zine, and fluorspar, is crushed and screened
through a 20-mesh screen, after which it is passed to concentrating tables
of the Wilfley type, which make three products—Ilead concentrates, zinc-
fluorspar middlings, and fluorspar tailings. The middlings go to the
fiotation tanks, where they are gently agitated in a bath of mneutral
or basic aluminum sulphate (alum) at a temperature of 85° to 90°C.
Small bubbles of gas, said to be IT,S, buoy the sulphides to the surface
and float them off into the settling tank. The recovery of the zinc
contents of the middlings is claimed to be from 80 to 90 per cent, and
the cost of the flotation treatment is put at 34 cents per ton—both
estimates. as defermined in a test upon western Kentucky fluorspar-
Jead-zine ore at the plant in Marion, Ky. An equipment consisting of
'2 flotation tanks, each of 100 tons capacity, employing the Sanders

a. Eng. and MIn. Jour.,, vol, 50, Nov. 15, 1890, p. 681,
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process, was installed in 1908 in the concentrating plant of the. Tri-
Bullion Smelting and Development Company at Kelly, N. Mex., to
separate blende and pyrites.

“The original McQuisten process is a water flotation method pure
and simple, but a later patent provides for the supplementary treat-
ment of the tailings with oil. No ‘acid or gas enters into the flotation.
The machinery consists of a tube, 1 foot in diameter and 4 to 6 feet
in length, which is slowly revolved with the horizontal axis slightly
lower at the discharge end.  The finely ground pulp is fed in at the
upper end of the tube, the inside of which shows a closely coiled spl.ral
groove. As the thin pulp discharges into the tube some of the sulphide
particles are caught and held on the surface of the water by the surface
tension and superficial viscosity of the water.

“The more easily wetted gangue minerals and the sulphides which
do not float sink to the bottom of the tube; caught in the spiral grooves,
the sunken material by the revolution of the tube is lifted above the
gurface of the water again, when another portion of the sulphides is
floated. By the repetition of this action the surface of the water near
the discharge end of the tube becomes covered with a dusty coat of the
‘sulphide, which floats off into the discharge tank and is comveyed to
the concentrate bins. The tailings from the tube are sent to other
tubes, until there is no longer any flotation of sulphides. In a com-
pact form of installation the tubes are arranged in serics of two or three
each, one above the other. For the successful operation of the process,
the pulp must be deslimed before treatment, as otherwise the very fine
slowly settling particles of gangue may he floated off with the ore. A
plant of 125 tons capacity, employing 100 tubes arranged in sets of
four each, as installed at the Adelaide mine, Golconda, Nev., is described®
as making a successful separation of chalcopyrite with minor quantities
of other sulphides from a dense quartzose gangue with spinel and garnet.
Experimental tests have also been made upon the copper ore from Ely,
Nev., upon copper. ore from the Newhouse mine in Utah, and upon the
zine ore at Rico, Colo., the results of which are not available.

“The Elmore vacuum process has heen tried experimentally wpon
various lead-zinc ores in the works of the Xmpire Zinc Company, at
Canon City, Colo., and in the Layton mill, at Salt Take City, Utah. So
far, however, the tests have been successful on but few ores. Tests of
zinc ores containing siderite from the Ruth and the Blue Bell mines
of British ColumbiaP, gave good results with simple acid flotation.
Ores from similar mines which did not contain siderite gave poor results}

“Bxperience has shown that the Australian flotation methods can-

a. Eng. and Min. Jour., vol. 84, pp. 765-770. .
b. Report of the British Columbia Zinc Commission, 1906, pp. 123-128.
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not be applied bodily to the lead and -zine ores of this country, but
that the delicate balance of the flotation forces must be adjusted to in-
dividual ores. Future experimentation will, no doubt, find here a pro-
fitable field for such methods.”

" So far as is known to the writer these methods Liave not been tried
on the ores of the Joplin field and it is doubtful whether they could be

made profitable under present conditions. If the price of concentrates

should advance materially or if the ore reserve should become depleted,
some improved method of separation and concentration will become, not
only practicable, but advisable and at present it seems that some form
of flotation will be the scheme most likely to be adopted.

METHODS OF SELLING CONCENTRATES.

The concentrates from the mills in the Oklahoma mining camps
are sold to buyers from the smelters. Three different plans of de-
termining the price of the zine concentrates as follows:

. (1)A certain price (base price) is allowed for concentrates carry-
- Ing 60 per cent zinc. Each per cent of excess or of deliciency from

60 per cent adds or subtracts $1.00 per ton. One per cent of iron is

usually allowed, and each additional per cent of iron penalizes the ore .

$1.00 per ton. Rach per cent of bitimen gives the same penalty. The
moisture is always determined and the percentages of metal determined
in the moisture free concentrate. -

lixample: After the moisture is deducted a carload of concentrates |
is found to carry 53 per cent of zinc, and 3 per cent of iron, The base

price is $40.00 per ton,

60 per cent —53 per cent =7 per cent deficicney.

7 per cent deficiency=$7.00 penally.

3 per cent of iron=2 per cent more than allowed or $2.00 penalty,
$7.00-++$2.00=%89.00 penalty.

$10.00—$9.00=$31.00 price paid for ton of concentrates.

(%) A smclter will contract to take the output of a mine and pay
the market price for spelter for 86 per cent of the zine content. A
flixed charge per ton which varies with the nature of the concentrates is
deducted from amount per ton as determined by the spelter price.

Example.: When spelter is worth 6 conis per pound, ore carrying
54$pcr cent zine is worth (86 per cent of 54 per cent of 2000 lbs.) X.06)
—$18. -
86X.54X2000X $.06=455.63.
$55.63 —$18.—=$37.63 per ton.

(3)The base price 60 per cent concentrates is fixed at $37.50

OKLAHOMA GEOLOGICAL SURVEY. 31

when the market price of spelter is 8.05 per Ib. Fluctuation in the price
of spelter is allowed for by a change of $8.50 per ton of concentrates
for each cent of change in price of spelter per pound. Deduction for
zine content under 60 per cent and penalties for iron and bitumen are
assessed in the same way as under the first plans of selling except that
% per cent of iron is allowed.

Example: Dry concentrates carry 54 per cent of zinc and 3
per cent of iron. The market price of spelter is 6 cents per 1b.

Base price of 60 per cent. concentrates when spelter is 5 cents per
1b.=$37.50.

Price for 54 per cent concentrates—$31.50. Deduction of $1.00
for iron in excess of 2 per cent leaves $30.50.

Price of spelter is 1 cent in advance of the standard price of 5 cents,
hence $8.50 must be added to $20.50, giving $39.00 per ton of
concentrates.

The examples given above cannot be compared with each other in
ascertaining the relative prices determined by the three methods. The
second and third methods are by contract and the known nature of the
ore; shipping conditions and other factors may enter into the deter-
mination of the fixed amount deducted in the second method, and the
establishing of the base price and the ratio of fluctuation in the third
method. ‘

In any case the concentrates are sampled in the presence of the

buyer and seller or their agents; the sample divided into three por-
tions one of which is assayed by the buyer, one by the seller, and the

- third reserved to be assayed by an umpire should there be serious dis-

crepancy between the other two assays.

The lead concentrates are usually much purer than the zine con-
centrates and are sold at a flat rate per ton, the price depending -upon
the market price of pig lead.

USES OF LEAD.

Lead is used in many ways both in the metallic state and in com-
pounds. In the metallic form lead is used principally for pipes in plumb-
ing and for surrounding electric wire cables. Sheet lead is used in large
quantities for lining sulphuric acid chambers and tank cars for the
shipment of the acid. Thin sheet lead, known as tin foil, is used for lim
ing boxes or containers usel in packing substances which must be kept
from the atmosphere, such as tea and tohacco. Considerable quantities
of the metal are used in the manufacture of shot and bullets.
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Tead forms an important cénstituent of several easily fusible al-
loys, such as type metal, babbitt metal and white metal.

The principal use of lead compounds is as pigments for paint, and
about one-half of the lead produced is used for this purpose. White lead
is the principal lead pigment and is used to a greater extent than all
the others together. Ted lead, chrome yellow, orangn chrome, and Turn-
ers yellow are other lead pigments which have an extensive application,

Lead is used in small proportions in the making of several gradés
of glass, and some of its compounds, particularly the acetate, sugar of
of lead, are used in medicine.

The amounts of lead used for the different uses mentioned ahove
for the year 1907, 1908 and 1909 are shown in the following tables:17

Use of Lead in the United States, 1907-1909.

__PRODUCTS | 1907 I 1908 - 1909
Quaantity |_Percent. | Quaniily | Per cent. | OQuaality | Per ceat,
I - I
White lead short tons short tons short t

and oxide ...... 116,000 28.8 117,500 40.5 134,12;8 38.0
Pipe ... .. 41,000 12.4 33,800 11.6 52,914 15.2
. 21,500 : 6.5 16,400 5.7 23,421 6,7
... 28,000 8.5 31,600 , 10,9 36,433 10.4
Other purposes 125,238 37.8 90,700 31.3 104,004 29.7
Total ... 330,738 100.0 290,000 100.0 351,000 100.0

USES OF ZINC.

The principal use of zinc is in galvanizing shect iron and wire. By

lipping iron into molten zine, the surface of the iron is covered with film
of zine.  When exposed to the weather this becomes covered with a coating‘
of 1l}e oxide of zinc which remains on the surface and acts as a protective
coating, preventing the further decay of the metal. Sheet zinc is used

lo some extent for roofing and for stove boards and similar uses. Zine -

lust is used in large quantities in dyeing, fire works, manufacture of

hydrogen, and as a means of precipitating gold and silver in the cyanide
process of extraction of those metals. »

Zinc oxide, zinc-lead oxide and lithophone are pigments which are
»xtensively used and which consume large quantities of zinc. They are
isnally made directly from the ores. Zine chloride is coming into use
s o preservative for wood, especially for railroad ties and for mine tim-
sering.  Zine sulphate and some other compounds are used in medicine.

17. Mineral Resources of the U. S. for 1910, part I, p. 252, from figures
n the Engineering and Mining Journal,

CHAPTER II.

THE NORTHEASTERN OKLAHOMA FIELD

INTRODUCTION. .

The Northeastern Oklahoma lead and zinc field is the southwest-
ward continuation of the Joplin distriet and the general conditions of ore
occurrence and of mining are the same as for that area. In view of this
fact the general features of the stratigraphy, structure, nature of ‘ores
and rocks, shape of ore bodies, and the genesis of the ores are considered in
reference to the whole Joplin district. These general considerations are
then applied to each of the three mining camps in Oklahoma and the
mining development of each camp discussed in some detail.

PHYSIOGRAPHY.

The Northeastern Oklahoma lead and zinc field lies on the ex-
treme southwestern flank of the Ozark Mountains. - The surface slopes
to the southwest, from a maximum elevation of 1050 feet along the
Kansas and Missouri State lines to an elevation of 750 feet at the junc-
tion of Spring and Neosho rivers. The region to the east of Spring
River (except Jackson Prairie) is hilly, but to the west it grades rapidly
into a level prairic underlaid by Cherokee shales.

The drainage is through Spring and Neosho rivers which unite.
near Wyandotte in the southwestern part of T. 27 N, R. 24
L. to form Grand River1®  Spring River enters the state from
Kansas in sec. 16, T. 29 N., R. 24 Ii, and flows in a winding course
in a general southerly direction to its confluence with Neosho River.
For the greater portion of its course it flows on the Boone chert. Ow-
ing to the westerly dip of the rocks all the principal tributaries come
in from the east. Tive Mile Creek, Warren Branch, Flint Branch, and
Shawnee Branch rise near or a few miles to the east of the Oklahoma-
Missouri State line and flow to the south of west into Spring River.

16. According to a ruling of the United States Board of Geographic
Names, the name Neosho is applied to this stream to Its confluence with the
Arkansas. This ruling, however, conflicts with long established usage and
in this report the stream below the confluence of Neosho and Spring River
will be called Grand River. In the quotations from the United States
tieological Survey, the name Neosho applies to the entire stream.

3 GS
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Neosho River rises in Kansas, crosses lhe State line in sec. 15, T.
29 N, R. 21 BB, and flows southeast in a winding course to its conflu-
ence with Spring River. . The tributaries {rom the north flow almost
straight south while those on the opposite side of the river have a gen-
erally eastward course. Tm Creek, Tar Creck, and Little Elm Creek
are the principal tributaries which flow south through the productive
lead and zinc aress.

GENERAL GEOLOGY OF THE OZARK UPLIFT.

The Ozark Uplift includes almost all of that part of Missouri ly-
ing south of Missouri River, northern Arkansas, the southeastern corner
of Kansas, and the portion of Oklahoma lying east of Grand River and
north of Arkansas River. The core of the uplift is the St. Ifrancois
Mountains, a mass of granite and rhyolite’ in southeastern Missouri.
Lying unconformably on the granite is a great thickness of Cambro-
Ordovician limestones and dolomites. The lead of southeastern Missouri
and most of the lead and zinc of northern Arkansas are found at this
horizon. The Cambro-Ordovician rocks extend into Oklahoma, but the
dip is in general to the southwest and these rocks soon pass under younger
formations. The surface rocks of most of this area . belong to the
Mississippian system. The nature of the section of rocks and the for-
mation names vary in different parts of the uplift. In this connectiou
only those rocks outeropping in Oklahoma are considered. The succes-
sion of rocks is shown in the generalized geologic section (fig. 5).

Stratigraphy.

Ordovician rocks. The oldest formation .exposed in northeastern
Oklahoma is the Burgen sandstone, a white fine-grained, saccharroidal
sandstone which is exposed in the valley of Illinois River in the Tahle-
quab and Siloam Springs quadrangles. In the Tahlequah quadrangle
Taff'7 gives it a thickness of 5 to upwards of 100 fect with the base not
exposed. The outerop widens somewhat to the north in the Siloam
Springs quadrangle although only the upper portion of the formation
is exposed. At Spavinaw in Spavinaw Creek in the exireme north-
castern part of Pryor Creek quadrangle, there is an exposure of white,
siliceous, dolomitic rock, which in its sandier portions greatly resembles
the Burgen sandstone and which occupies the same stratigraphic posi-
tion. The Burgen is correlated with the Saccharroidal sandstone, of the
Arkansas Geological Survey, which lies immediately above the Yellville
limestone. Taff reports the Burgen as nonfossiliferous but the writer
has observed a few very poorly preserved Orthoceras on the surface of

17. Taff, J. A, Tahiequah folfo (No. 122), Geol. Atlas U. S, U S, Geol.
Survey,’ 1906, p. 2.
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*Bb¢ks near the Tahlequah-Siloam Springs quadrangle line near Illinois
River. :

Above the Burgen sandstone is a series of greenish shales with some
brown sandstone and some limestone known as the Tyner formation.
Along Tllinois River northeast of Tahlequah the top of the formation is

e _ﬂa/e

Fayetteville
Shale

Boon e
S TSI Formarion

H Chatrtanooga
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Y Formatrion

. Burgen
| Sandstone.

Fig. 5. Generalized geologlc section for Northeastern Okiahoma.

a.limestone of variable thickness (a few inches to 20 feet) “containing
fossils of Black River age. Along Barren Fork River only the top
of the formation is exposed and it consists of thin shales and sandstones
containing fossils of Lorraine age. This horizon is therefore believed
to be above that of the limestone at the top of the formation along’
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Illinois River, Since the entire Silurian is unrepresented in this lo-

calily, the upper beds were probably removed by erosion during Silurian
times, before the deposition of the Devonian black shale which succeeds
it. At Spavinaw a single exposure of a green shale was noted below the
hlack shale and a “copper-stained shale” is reported from the same hori-
zon hy the driller of a deep weil near Vinita. This would indicate that
t:hc] Tyner formation is persistent to the northeast under the younger
rocks,

Silurian rocks. 'The St. Clair marble of Silurian age outcrops in
the southeastern part of the Tahlequah quadrangle where it is brought
to the surface by faulting. Silurian rocks are not represented in the
northern part of the Tahlequah not in the Siloam Springs, Pryor Creek,
or Wyandotte quadrangles. '

Devonian rocks. 'The Devonian system is represented by the Chat-
tanooga shale which outerops in stream valleys south of Cowskin River.
This is a black, bituminous, slaty shale of very uniform texture and
composition and of great areal extent, the black shales at this same
horn:/,on in Arkansas, Tennessce, Kentucky, Indiana, and Ohio being
continuous and so uniférm in character as to be indistinguishable. Since
it is limited hoth above and below by unconformities the thickness is very
}r;'lnglilar. Siebenthall® gives the thickness in different localities as
ollows: :

“* * * In the cast bluff of Neosho [Grand] River, 3 miles above the
moulh of Cowskin River, the thickness is 26 feet; on Buffalo Creek it
is 20 [eet, at Southwest City 50 feet, at the mouth of Honey Creek 83
feet, and at Spavinaw 90 feet. On Spring Creek 25 feet, not the full
thickness, was noted.” Tafl reports the thickness in the northern part

(r)f tfhe Tahlequah quadrangle as 40 feet, and in the southern part as 20
eet.

~ In the bluff of Illinois River near the southern line of the Siloam
Springs quadrangle the thickness is 60 feet and at the confluence of
IFlint Creelk with Illinois River it is between 30 and 40 feet disregarding
the Sylamore member. The Chattanooga is also reported in deep wells
at Grove and at Vinita. The Sylamore sandstone member lies at the
hase of the Chattanooga shale. It is exposed in Arkansas'and in tle
~outheastern part of the Tahlequah quadrangle but is absent or very
Lhin in the northwest part of the Tahlequah and southwest part of the
Siloam Springs quadrangle and in the Spavinaw region. Along Flint
Creel in the central part of the Siloam Springs quadrangle it is 15 to
20 fect thick. -

Mississippian rocks. The rocks of Mississippian age include the
Ronne:-chert, the Tayctteville shale with its Wedington sandstone mem-

18, Siebenthal, C. &, Bull. U. S. Geol. Survey, No. 340, 1907, p. 189.
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ber, the Batesville formation and thé Pitkin limestone. The Boone
chert is of Burlington-Keokuk age and the other formations are corre-
lated with the Chester group.

The Boone chert is the thickest formation of the region and out-
crops over a far greater area than all the other formations combined.
In Oklahoma its outcrop includes practically all of Delaware and Adair
counties, the southern half of Ottawa County, the southeastern corner
of Craig County, the eastern half of Mayes County, and all except the
southwestern one-fourth of Cherokee County. It also occupies a large
arca in northeastern Arkansas and practically all of the Joplin district
in southwestern Missouri and southeastern Kansas.

The nature of the formation varies considerably in different parts
of its outerop. In the southern part of its outerop in Oklahoma, in
the Tahlequah quadrangle (Adair and eastern Cherokee counties) Taff'?
describes it as follows: '

“The rocks of the Boone formation consist of interestratified cheit
and cherty limestone. At the base there are in places thin limestones
free from chert, while at other localities the chert rests on the Chat-
tanooga shale without intervening limestone beds. The limestone beds
at the bottom, being distinct in lithologic character from the body of
the formation and variable in thickness, are properly characterized as a
member of the formation.

“The base of the Boone formation is exposed in twelve localities,
and in four of these limestone was found beneath the chert. Of the
known occurrences of limestone beneath the chert two were found bor-
dering the small areas of the Chattanooga shale in Barren Fork Valley
gouth of Westville. In the smaller area in the west side of sec. 34, T.
17 N, R. 26 ., the limestone is about 5 feet thick. At the other local-
ity, 3 miles down the stream. it is 10 to 15 feet thick. At these places
it consists of fine-textured and dense, white to pinkish, even-bedded lime-
stone. Light-colored crinoidal limestone beds 10 to 15 feet thick occur
at the base of the Boone formation in the south bank of Barren Fork
at the road crossing in the NW.14 sec. 13, T. 17 N., R. 23 E. No fos-

sils were collected [rom this limestone at the three localities named, but

its position in the formation and its lithologic character strongly in-
dicate that it should be correlated with the basal St. Joe member of the
Boone formation exposed in the northern part of the Fayetteville quad-
rangle and farther east in northern Arkansas. :

“A fourth locality of the hasal limestone member of the Boone for-
mation is in a small valley leading into Illinois River in sec. 36, I'. 18 N.,
R. 22 E., very near the north border of the quadrangle. Here the beds
consist of dull blue and earthy fossiliferous limestone in the lower part,

19. Taff, J. A., Tahlequah folio (No. 122), U. 8. Geol. Survey, 1905, p. 2.
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followed above by thicker and harder limestone beds, the thickness of
the whole being 6 feet. 'These beds belong stratigraphically below the
lighter-colored crinoidal limestones, both being locally developed. ‘I'hey
contain the following fossils, together with a mumber of undetermined
and mostly undescribed species, all indicating Kinderhook age:

Leptaena rhomboidalis Wilckens.
Productella concentrica Hall.
Spirifer ef. peculiaris Shumard.

. “The lighter-colored, often pink, and generally crystalline crinoidal
!nnc.sl'nne, together with the lower part of the cherty limestone, overly-
Ing 1t, contains a Burlington fauna. The ‘common fossils in this division
include the following species :

Schizoblastus sayi Shumard.

Platycrinus and fragments of other crinoids.
Spirifer grimesi Hall.

Syringothyris sp.

Productus cf. semireticulatus.

“’J__‘he middle member constitutes zﬂmost the whole of the Boone
formalion as exposed in this quadrangle, and is made up essentially
of calcareous chert or flint with variable bands or beds of limestone, |

“Fresh exposures oceur in but few Places andthese are in steep
blufls and cliffs where the larger streams meander against the sides of
th_elr valleys, or more rarely in the beds of the smaller streams in their
middle or lower courses where the grades are sufficiently steep and the
volume of water great enough to induce active erosion. The chert ele-
ment predominates so greatly over the limestone in abundance, and is s0
resm'tant to the effects of erosion, that almost the entire surface rock
consists of angular chert bowlders and fragments.

. “The cberts in the upper part of the formation are locally very fos-
siliferous. The following list includes the species most commonly found,
and their association is decidedly indicative of Keokuk age:

Amplexus fragilis White and St. John,
Glyptopora keyserlingi Prout.
Fenestella multispinosa Ulrich.
Dolypora maccoyana Tlrich.
[Temitrypa proutana Ulrich.
Pinnatopora striata Ulrich.
Spirifer logani Hall,
Reticularia psendolineata Hall,
Productus setigerus TTall.
Orthotetes keokuk Fall.
Capulus equilaterns ITall.

“The limestone overlying the chert was believed to be a part of the
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Boone formation at the time the Tahlequah quadrangle was surveyed

- and is included with it in the mapping. Later studies of this lime-

stone made in connection with the survey of the Muskogee and Wins-
10w quadrangles, west and east of the Tahlequah, have shown that locally,
at least, a thin bed of hiack shale occurs between this limestone and the
Boone chert. An abundant fauna, also, which has been collected from
it, shows that it is higher geologically than the Boone and should be
classed with the Fayetteville formation.

“The thickness of the Boone formation is variable. It ranges from
a minimum of 100 feet to a maximum approximating 300 feet. Except
in a few localities the top and base are separated in outcrop by several
miles, and the rocks are so concealed by surface chert debris that the de-
termination of thickness are at best only approximate.”

In the Siloam Springs quadrangle, (morthern Adair, northeastern
Cherokee, and southern Delaware counties) the base of the formation is
exposed for a considerable distance along Illinois River, especially along
the west side (fig. 2). Good exposures of the base are also had along
Flint Creck and along Spavinaw Creek from its confluence with Cloud
Creek to below Spavinaw post office in northeastern Mayes County.
In: this region the lowest portion is of limestone which rests on the
uneven surface of the Chattanooga shale. Immediately above the shale
on Illinois is a variable thickness of shaly thin-bedded bluish and green-
ish fossiliferous limestone. The thickness of this horizon varies widely
within short distances. In Eagle Bluff on the west bank of Illinois
River in northern Cherokee County, (southwestern part of the Siloam"
Springs quadrangle) the bed thickens from 15 feet to. 60 feet and thins
again to 12 feet in a distance of less than one-half mile. Some fossils
from this horizon indicate that these beds-are the equivalent of the Fern
Glen formation at the top of the Kinderhook. This fossiliferous lime-
stone is absent at Spavinaw or is represented by about 6 inches of green-
ish shale. © Above the basal shaly limestone bed is a hard, pinkish, crinoi-
dal limestone from 6 to 12 feet in thickness. This limestone is a good

_horizon marker as it is often exposed and breaks off into large blocks.

Above the crinoidal limestone is a succession of limestones and
cherts, usually in layers 6 to 10 inches thick, which continues nearly to
the top of the formation.

Thicker limestones occur at the top of the formation which are well.
exposed near Grove in northern Delaware Gounty where one of them has
been used for burning into lime.

In the Joplin district of Missouri and Kansas, the Chattanooga
shale seems to be absent and the Boone rests upon the non-persistent
Hannibal shale®® Two members are recognized, the Short Creek’

20. Siebenthal, C. E., Joplin District folio (No; 148), Geol. Atlas U. S.,
U. S. Geol. Survey, 1907.
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oolite member 8 feet thick which lies about 100 feet below the top
of the formation and the Grand Falls chert, 35 to 55 feet thick which
occurs 100 feet below the Short Creek oolite. This chert represents the
lowest horizon of commercial lead and zinc deposits in southwest Missouri:

~In the paper on the Mineral Resources of Northeastern Oklahoma,?
Sicbenthal gives the following description of the Boone: :

114 ! : :
The Boone formation is made up of an alternating series of lime-

stones and cherts; approximately 300 to 350 feet in thick

developed. It forms the surface rock over by far the lca;;:ssst ‘;lélre:eogutlﬁ
area of Mississippian rocks. At the base of the formation there is always
present a limestone member, consisting at the top of a heavy ledge of
coarsely cr)_fstalline encrinital limestone, or marble, which is usually 10
{;f) 15 feet in thickness. This bed is separated by several feet of shaly
m(11e§t0ne from a lower ledge of flagay limestone, locally rather cherly
a]n in many places irregularly bedded, which lies upon the Chattanooga
s m.le. The upper ledge usually outerops as a smooth, wall-like biuff, from
which large blocks, the full thickness of the ]ed’ge break awa,y 1t
has hgen correlated with the St. Joe limestone member in the T‘lhle. ual
and Fayetteville folios. This limestone is normally overlain b ( a :e]:ries
of dark limestones and cherts from 50 to 80 feet in thicknessy Above
these, to the top of the formation, are lighter colored cherts and lime-
stones, with one or more massive ledges of limestone 10 to iO feet in
thickness.  The Short Creck oolite member, noted in the Joplin district
is found in the east half of the Wyandotte quadrangle wherever its hori:

zon is exposed, though west of Spring and N i i i
out or loses its oolite ch'aracter.B ¢ cosho rivere it usually pinches

The rocks of Chester age outcrop in a belt of variable width between
the Boone outerop and that of the Pennsylvanian rocks. In the Tahle-
quah quadrangle (in southern Adair and southeastern Cherokee counties’)
the rocks consist of the Fayetteville shale with the Wedington sandstone
member near the top, and the Pitkin limestone. The Wzdington sand-
stone member is about 20 feet thick and caps the hills in the vicinity of
Westville.  To the west the Wedington thins out and is not represented
in the Muskogee quadrangle (in western Cherokee, northeastern Mué-
kognc,_and sontheastern Wagoner counties). In this vicinity there are
local limestone lenses and thin limestone near the top and ‘the bott‘om
of the formation which are continuous over considerable areas.

In the Wyandotte quadrangle (western Ottawa C i

. . . awa County) Siebenthal?
gives the B'atesvﬂ]e, TFayetteville (with its Wedington melz%er) and 1lgit-
kin formations as IY'ICmbCI'B of the Chester group. 'The Batesville sand-
stone in Arkansas lies between the Boone and the Fayetteville but thins

21, Bull. U. 8. Geol. Survey, No. 340, 1
. . , . , 1907, p. .
22. Op. Cit. p- 190
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rapidly to the west and does not appear in the Tahlequah or Muskogee

‘quddfahgles. In the J oplin folio Siebenthal gives the Carterville forma-

tion as occupying the horizon of the Chester group in the Joplin district
so the formation which he calls Batesville in the Wyandotte quadrangle
is evidently not continuous with the Batesville in Arkansas. The same
thing applies to the Wedington sandstone member of the Fayetteville
shale for as has been noticed in the preceding paragraph it does not ap-
pear in the Muskogee quadrangle and the whole Batesville-Fayetteville
interval is represented by the Carterville formation in southwestern

Missouri.

In the portion of the Pryor quadrangle east of Grand River
(castern Mayes and northwestern Cherokee counties) is a considerable
thickness of limestone which occurs immediately above the Boone forma-
tion. This is probably the limestone which was mecluded in the base of the -
Tayetteville by Taff. In the Pryor quadrangle, however, it las
sufficient thickness and outcrops over sufficient area to be ranked as
distinet formation. Two limestone horizons occur in the Fayetteville
hut they are distinct from the one just mentioned. ‘

''he Pitkin limestone is described by Taffe® in the Muscogee folio
as follows:

«The Pitkin limestone consists of light-blue to brown, granular,
earthy, slightly oolitic strata interbedded with fine-textured massive lay-
ers. The granular and oolitic types of rock are the more common and
may be said generally to characterize the formation. The thickness of
beds is variable, ranging from thin platy strata to beds 1 or 2 feet thick.
The thinner strata are usually more argillaceous, and thin ghale layers
not uncommonly separate them.

«T'he Pitkin limestone is considered to be the top of the Mississippian
ceries of the Carboniferous. The fossils listed as from the upper lime-
<tone of the Fayetteville formation are equally characteristic of the Pit-
kin. ‘

«Ip thickness the Pitkin limestone in the Muscogee quadrangle
varies but little from 50 feet, such slight changes as probably occur be-
ing due to erosion of its upper beds prior to the deposition of the over-
lying formation. Where the shaly bed is concealed the boundary be-
tween the Pitkin and Morrow formations is difficult to determine with-
out a careful study of the fossils in the limestones both above and be-
low the contact. ~In places shale, and in other localities sandy shale as
well, may be found above the  Pitkin limestone. This represents the
Hale sandstone member of the Morrow formation, which is well devel-
oped in the Tahlequah quadrangle and farther east in Arkansas.

22. Musoogee follo (No. 132), Geol. Atlas, U, 8, U. S. Geol. Survey, 195 5.
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_ “The Pitkin limestone crops out generally at the bases of hills and
in steep slopes, bluffs, and escarpments of the higher Morrow and Wins-
low formations, the talus from which frequently conceals the contact.
Toward the east, beyond the Tahlequah quadrangle, the Pitkin limestone
oceurs in isolated areas and crops out along the northern foothills of the
Boston Mountains in northwestern Arkansas. Typical exposures oc-
cur in the north slopes of the Boston Mountains near Pitkin, on the
St. Louis and San. Francisco Railroad, from which place the name of
the limestone has been taken. The formation was described by Dr. F.
W. Simonds (Arkansas Geol. Survey, vol. 4, 1889), by whom it was
called the Archimedes limestone. Archimedes, the generic name of one
of the characteristic fossils, not being an appropriate designation for a
formation, a name of geographic significance has heen substituted.”

Siebenthal mentions the Pitkin as outeropping in the Wyandotte
quadrangle but gives no- description of it in the paper previously cited.
In the southeastern corner of the Vinita quadrangle Ohern reports a
hmestope which is much thinner and more argillaceous than the Pitkin,
but which is correlated with it on account of its position and the prelim-
inary paleontological studies which have been made. A limestone which
has about the stratigraphic position of the Pitkin outciops near the fop

+of the hilla in the vicinity east of Pryor Creek but detailed work in this
quadrangle 13 necessary before the horizons in the north can be definitely
correlated with the section as exposed in the Muscogee quadrangle,

Pennsylvanian rocks. In the southern part of the area the Morrow:
and Winslow formations are exposed. To the north these formations
cannot be distinguished. There are three possible causes for their disap-
pearance: (1) they may actually pinch out entirely; (%) they may thin
out and merge with the Cherokee (Vinita of Ohern)?# sghales; (3) the
strike may continue to the northwest and pass under the Cherokee shales,
i e., the Cherokee shales may be uncomformable by overlap on the older
I?enns.ylvanmn sediments. Siebenthal seems to hold to the last conclu-
sion since on page 191 of U. 8. G. S, Bulletin No. 340 he says: “The
continuation of the sandstone and the shales of the Winslow beneath the
overlapping formations would naturally be sought in the line of strike of
the present outcrop of these rocks. Because of the probable curvature of
the shore line of the uplift, the buried extension of the Winslow should be
expected somewhere between Chelsea, Nowata, and Coffeyville, Kansas.”

Considerable field work is necessary to settle this question. The
important point in connection with this report is that the westward trend
of the overlying formations places the beginning of the warping of this
portion of the Ozark Uplift near the end of Winslow time.

24. Univ. of Oklahoma Research Bull. No. 4.
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Structure,

The entire area under discussion is the southwestward extension of
the Ozark Uplift. The dip is usually southwest at low angles. Around
the southern portion of the area of Mississippian rocks in Oklahoma the
dip is to the south and southeast. '

The chief structural features of the region have been described -by -
Siebenthal in the work previously cited and his discussion is given in full.
(See fig. 6. ) '

“As has been remarked in the section on the correlation - of the
Cherokee formation, the discordance of* gtrike of the Winslow, Savanna,
and Boggy with the Fort Scott and overlying formations shows a warp-
ing of the west end of the Ozark uplift somewhere in the period between
the close of the Winslow deposition and the early part of the Cherokee.
The southern portion was elevated, crowding the shore line far to the
southwest, while the northern portion was depressed, allowing the sea
to advance to the east. The northeast-southwest orientation of the

- ghore line was well established early in Cherokee time, and this relative

attitude was maintained through the remainder of the Pennsylvanian, the
various formations of this age outcropping in this region in lines parallel
to the Fort Scott limestone, with gentle northwesterly dips ranging from
30 feet per mile in the northern portion of the area to 50 feet in the south-
ern portion.

FOLDING AND FAULTING.

“The folds and faults of the area are so closely related that their
joint discussion seems preferable. o

“The axis of that part of the Ozark uplift included in Oklahoma
trends from northeast to southwest, and the margin of the uplift is ser-
rated by an interesting system of parallel normal faults, which Taff has
described in the Tahlequah and Muscogee folios.  These faults trend
parallel to the axis of the uplift, and at either end usually develop into
monoclines or asymmetric anticlines and gradually die out. An in-
spection of the map will show the close relation of the minor drainage to
the faults. Northwest of Tahlequah the parallelism of the faults is not
so pronounced and the system is somewhat complicated by intersecting
cross faults. These faults are of post-Winslow age, but no relation to
later formations can be established.

“Extending southward from Locust Grove is-a prominent fault with
the downthrow to the west, which brings the Chester down to a level 108
"to 150 feet lower than the top of the Boone chert hills immediately east

“The next prominent structural feature toward the morth is the
Seneca fault, which extends from a point midway between Choteau and
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Pryor Creek to a point Several miles northeast of Spurgeon, beyond the
limits of the area shown on the accompanying map, having an almost due
northeast course parallel to the main axis of the uplift and roughly
parallel to its northwest ‘margin. This fault is double and in places
multiple, letting* down a long, narrow block of Boone, Chester, and
overlying rocks into the Boone formation. Tn addition to the down-
thrown block, the strata for some distance, in places for a mile or two on
either side, dip toward the fault. This combination has had a ‘strong
influcnee on the drainage, as may be seen from the map. From Senecca
toward the northeast the fault closely follows the valley of Lost Creek.
South of Seneca it crosses the divide to Sycamore Creck and follows down
the valley to Neosho River. TFrom the mouth of Sycamore- Creek the
fault cuts across the various meanders of Neosho River to a point just
ahove the month of Spavinaw Creck. Southwest of this point it trav-.
erses the flat upland to and beyond Pryor Creek. Near the Neosho,
where the rocks on either side are the cherty limestones of the Boone
formation, it is easy to trace Lhe down-dropped strip of Chester consist-

ing of limestone and sandstone. Tarther to the southwest, where the .

Chester formations become the prevailing surface rocks, the fault is
dilicult to follow. In the Pennsylvanian area it is quite impossible to
trace the fault, hut whether this is due to its absence, to the uniformity
of the rocks, or to the concealment of the faulted Winslow by the over-
lapping Cherokee was not determined. 7Tf the last explanation is correct,
as 1s quile likely, the fault is post-Winslow and pre-Cherokee and prob-
ably of the same age as the parallel faults of the Tahlequah-Muskogee
region and as the warping to which all the faults are with little doubt
genetically related. Owing to the fact that the amount of throw is vari-
able within short distances along the fault and to the further fact that.
the fault line coincides so closely with the drainage lines, the Chester:
formations are preserved but here and there along the fault.

“I'he inlersections of this fault line with the meanders of Neosho
(Grand) River afford many fine cross sections of the faulted area. The
width of the down-dropped block ranges from less than 200 feet to more
than 1,500 fect. The fault ranges in character from a simple pair of
opposed breaks with the down-thrown block between them, and with the
strata of the wall rock on ecither side dipping more or less steeply townrd
the faulted block, to a sort of faulted syncline, the limbs of which are
made up of distributive faults with the cummulative downthrow toward
the axis of the syncline. The best view of the latter phase is shown in

the wesl bluff of the Neosho opposite the mouth of Cowskin River, where -

the south limb dips {rom 2° to 5° N., the angle increasing toward the
axis, and shows four distinet dislocations, one being opposed to the other
three, but leaving a vesultant throw of 14 feet to the north. On the

north side there is a faulted zone 55 feet wide in which there is an up- -
throw of 18 feet, but this is more than counterbalanced by three small
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faults and one with a throw of 22 feet to the south, and by the southerly
dip of 2° some distance from the fault and of 11° adjacent to the fault.

“The amount of displacement on either side of the block varies from
place to place. In the west bluff of Neosho River 2 miles below the
mouth of Horse Creek it is more than 90 feet. At the Bedker mines,
south of Seneca, it is from 100 feet to 140 feet. Between Seneca and
Spurgeon it must be as much as 100 feet in many places, for it serves to
bring the Chester formation down to the level of the valley, though the
Boone forms the top of the hills on either side. '

“The Horse Creek anticline is an asymmetric fold which starts at a
point on Cabin Creek, 5 miles southeast of Big Cabin station and trends
east northeastward by Cleora to the mouth of Cowskin River, where it
niersects the Seneca fault. Tast of this point it swings a little more

'~ eastward to the vicinity of Tiff City, where it trends nearly due east for

10 miles and farther east gradually dies out. The anticline has a gently
sloping northern liiab and a steeper southern limb. Mo the south of the
anticline and parallel to it is a long, low synclinal trough beyond which

- the strata rise again to the south, with a gentle incline. The average

dip of the northern limb of the anticline is about 2°; the dip of the
southern limb ranges from 5° to 18°. ‘West of Neosho River the fold
expresses itself topographically in an abrupt fault-like escarpment to
the south and a low upland slope to the north. ' Tast of the Neosho
the anticline is cut through on either side by many short, steep hollows,
and forms the greatly dissected highland known as the Seneca Hills, In
places, notably where the fold is cut through by Neosho River, the rocks
lie nearly flat, but where it is crossed by Bulfalo Creek and Horse Creek
the dip is about 5° SE. About 2 miles west of Horse Creelk Gap the dip
is 18° SE. For the most part the dip of the southern limb is concealed
by debris washed down from the steep slope, and can be made out only
in exceptional places. It is entirely pbssible that for short distances
along the axis west of Horse Creek the anticline may break down into
small faults. Though cut across in severa] places by streams, this fold
is nowhere breached parallel to the axis, a fact due doubtless to its mono-
clinal nature.” ' ' :

The faults and folds in the southwestern margin of the uplift which
are mentioned in the first paragraph probably extend for a considerable
distance to the east, although it is not possible to trace them across the .
hills which are covered to a depth of several feet with loose, residual
Boone chert. TFolds were noticed along the Illinois River in the southern
part of the Siloam Springs quadrangle (northeastern Cherokeo Countys
whose axes had approximately the same direction as those around the
margin of the Mississippian rocks to the southwest. One fault was ob-
served which brings the portion of the Boone chert above the crinoidal
member near the base into contact with the Chattanooga shale. Both
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the fo]ding and tje Tault can he distinguished only ip the bluffs of the Aand the Chattanooga shale was deposited. Another €mergenoe foHo'wed,

PIVer and it ;o "Mpogsiblg” t, S€¢ any evigene, of them oy the timpereq - @nd,the UPPer surface of the Ohattanooga Was erodeq, '
0one chert hills,

About the end of Kind-erhook timeg the Mississippian 5€a advapeeq

he effects of the pre-C’herokee underground solutiop which gare 80 and the Boone_formation wag deposﬂ;ed. he depos1tion of the Boone
closely related to 4, lead ang zine deposits i the whoj, Joplin distriet Probab]y Occupied 4 of Burhngton-.l_(eokuk !Mes. T Boone wag
oceur only iy, A 8mall arey i, the extreme Northeggt corner of ¢}, State. Probably deposited far to the east of jg Present outcrop,. the outero
Thig Subject of underground solutiop and jg relatiop- to the lead apg having Jeen carrjeq toward the.n_iargm of the uplift by €rosion jp suose-
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NATURE OF THE ORES.

The ores of the entire Joplin district fall into two classes; the oxi-"

dized ores, or those found above the level of the ground water in the
zone of surface weathering, and the unoxided or sulphide ores found in
the deeper workings.

The oxidized ores are zinc carbonate, smithsonite or “dry bone”;

zinc silicate, calamine, or “silicate”; lead carbonate, cerrussite or “dry
bone” and subordinate amounts of lead sulphate, anglesite. These
ores have been produced by the oxidizing action of the surface
weathering agencies on the sulphides. Considerable galena or “lead” in
found near the surface usually associated with calamine or anglesite. Tt
may be regarded as being the residuum of the sulphide ores which has
not been acted upon by the oxidizing agencies.

Zinc carbonate, smithsonite, which is called “dry bone” in the
northern Mississippian fields is of small importance in the Joplin dis-
frict. It is not present in commercial quantities in the northeastern
Uklahoma area.

~ Zine silicate, calamine, or “silicate” is produced by the oxidation of
zine _snlplude. It occurs in Oklahoma usually in irregular forms which
are finely crystalline. The color is a gray on the outer surface and usu-

ally vitreous ou [reshly broken surfaces. Some mammillary and stalaetitic.

forms occur, and also small rounded grains known as fish egg silicate.

g . . e .
I'his ore has been produced in considerable quantities in the Peoria camp-

and to some extent in the Quapaw camp. It does not cccur at Miami.

. Lead carbonate, cerussite, is usually known in the Joplin district’
as “dry bone”. It occurs at Peoria in rather small amounts usually as

fiat plates showing little or no crystalization. 1t also occurs as a-coating

on galena crystals. No cerussite was observed at Miami.

~ Lead sulphate, anglesite, occurs as white powder coating galena.
It is also associated with Jead carbonate. By itself it cannot be consid-
ered as an ore of lead as it occurs in too small quantities.

Below the zone of oxidation, i. e. below the level of ground water,
the lead and zinc ores are in the form of the sulphides. Lead sulphide,
galena or “lead” as it is called by the miners, is a mineral of a gray coler
characterized by its cubical cleavage. Zinc sulphide, sphalerite, or biende
ig usually called “jack” by the miners aithough in some districts calamine
is called jack. Sphalerite when pure is almost colorless but usually con-

taing sullicient iron to darken the color to that of resin and sometimes .

almost to a black. The lustre is resinous. The ordinary form of erys-
tallization is tetrahedral but the crystal form is not distinguishable
in large masses of the material. Small crystals of spalerite often show
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theetotpahedral form. Large pieces of sphalerite cieave easuy into ap-
proximately cubical pieces.

In the majority of the mines in the Joplin district sphalerite and
galena are mingled so that small specimens of ore contain both minerals.
The proportions of the two vary widely and irregularly. As a general
rule the proportion of lead decreases with depth but locally the reverse

is true.

ASSOCIATED ROCKS AND MINERALS.

The principal rocks and minerals associated with the lead and zinc
ores in the Joplin district are as follows: Chert, or flint or limestone,
sandstone (in the Miami camp), shale, clay, bitumen, pyrite, calcite, '
dolomite, barite, chalcopyrite, and greenockite. o '

Chert or Flint. Buckley and Buehler® recognize three’generations
of chert in the Joplin district. First a white, primary variety which oc-
curs as layers between the limestones of the Boone formation and:as
lenses and nodules through the limestone. This chert is devoid of fos-:
sils, is dense and compact, breaks with a sharp splintery and sometimes
conchoidal fracture. This rock makes a considerable portion of the
Boorie formation and owing to the greater solubility of the limestone -
remains as a covering of residual chert over the hills of the entire region.
The chert weathers locally.to a soft porous rock known as,tripoli. .

A second generation of flint is a white, gray, or blue variety con-
taining fossils, and thought to be a replacement of the limestone. The
third is a black flint which contains no fossils, and which occurs as a
matrix in which are imbedded angular pieces of the primary flint
(fig. 8).- It is considered as having been formed by the hardening f.
siliceous mud which formed contemporaneously with the deposition of
the ores.

The first and second generations of flint contain no lead or zinc

- ores but the third contains both sphalerite and galena together with their

accompanying minerals.

Smith and Siebenthal® mention only two varieties, apparently class-
ing the second and third together as one variety under the name jas-
peroid. Smith regards this jasperoid as being formed by the metasoma-
tic replacement of limestone. A very complete description of the mate-
rial and a discussion of its relations is given in the folio cited.

The discovery of gradations between limestone and jasperoid makes a °
strong case for the idea of the formation of jasperoid by replacement

28. Missouri Bureau of Geol. & Mines, vol. IV, “2nd. series, pp. 30, 37-40.
29. Joplin District follo (No, 148), Geol. Atlas U. 8., U. S, Geol. Survey,

1907, pp. 13-14.
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of limestone but in many cases the appearance of the breccia malces it
hard to believe that all the jasperoid could have been produced in that
way. The presence of the sharp angular fragments of primary {lint
would be practically impossible in primary limestone, and if the breccin
were ever recemented by calcareous cement, it is very strange that 8o few
traces of the calcereous portion remain since the recementation must have
taken place after the fracturing of the chert. If the spaces between the
angular pieces of primary flint represent the size and shape of limestone
fragments which were present in the breccia when it was first {formed,
these [ragments were extremely angular and different from anything

the mine dumps (Mo. Bureau of Geology and Mines).

now known in Oklahoma. The absence of limestone from the breccia
does not seem to require the replacement of the limestone for an ex-
planation, for as has been pointed out by Buckley and Buehler in the
report previously mentioned, the hill sides of the entire Boone area are
covered with a mantle of loose angular chert fragments which show no
limestone, although the formations from which this material is produced
genernl]y contain more limestone than flint. The writer therefore, be-
lieves that the “breccia® as it is shown in Oklahoma, is derived {rom a
hagal conglomerate of weathered chert fragments such as occur on the
hill sides of the region at present, and that the black secondary flint or
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jasperoid, at least in part; was deposited from solution in a colloidal
condition. The white or gray secondary flint is probably a metasomatic
replacement of limestone.

Limestone. The occurrence of limestone in the Boone formation -
has already been noticed. In relation to the mining industry it is im-
portant from the standpoint of its solubility, the solution of the lime-
stone having produced the physical conditions favorable to ore deposi-
tion. The limestone occurring in the mines is always barren of ore.
The ore bodies may pass around bodies of limestone, but never through
them. . :

Sandstone. Sandstone is seldom important in relation to the lead
and zinc mines of the Joplin district of Missouri, but in the Miami camp
it forms the mineral bearing rock in most of the ore so far produced.
The fine-grained sandstones have been broken and brecciated by settling
into cavities formed by the solution of underlying limestones. The- ore
occurs in the brecciated sandstone in the same manner as it does in the
brecciated chert in the other camps in the district. ' :

Shale. The Clerokee shale forms the surface rocks at the Miami
camp and occurs in small patches farther to the east. A Dblack carbon-
aceous shale lies immediately above the ore bearing horizon at Miami and
Quapaw mines. It is badly crumpled and slickensided by’ the movements
of the rocks. : . L

Clay. Clay occurs in the shallow diggings and in pockets and open;

_ings in workings of moderate depth. It is a very fine-grained plastic

clay ordinarily of yellowish or a reddish color and is called “tallow”
clay by the miners. Analyses of the clay usually show considerable per-
centages of zinc in the form of calamine. The calamine ore at Peoria
occurs in a stiff, very plastic, red clay.

Calcite and dolomite. ‘These minerals in crystalline form occur

. very abundantly in the Missouri mines where they are generally knowmn

as tilf and spar. The presence of dolomite was taken by Bamn to in-
dicale the origin of the ores in the Cambro-Ordovician limestones. In
Oklahoma, however, both minerals are comparatively rare in connection
with the ores. Calcite is found in a few cases in the Miami camp but
1o dolomite has heen observed. Both oceur in small quantities in some
of the mines at the Quapaw camp.

Barile. Barite is very abundant in the lead mines of southeast
Missouri and also locally in the Joplin district. 1t has not been reported
{rom the Oklahoma camps.

Bitumen. A soft asphaltic bitumen is present in pockets and crevic@
in many of the mines of the Joplin district. In some cases it is in suf
ficient quantity to cause considerable trouble in concentrating the ore.
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ag it causes Lhe material to “hall up” in the jig cells. It also lowers
the grade of the concentrates. T'his is especially true in the Miami camp
where the bitumen is unusually abundant. As the water is permanently
lowered by pumping or by the opening of mines with a lower water level.

the bitumen secms to follow the waler and practically- disappears. The-

hitumen is probably derived from the Cherokee shales since it occurs
most abundantly in the mines under or near the shale outcrops. Bitu-

ien is very abundant in the shales. A body of almost pure asphalt in
the Cherokee shales about two miles north of the Miami camp.is twu
feet thick and covers several acres. On the other hand the Boone chert’
nt a distance [rom the shale outerops is never noticeably bituminous and

the spring water from it shows no trace of oil,

Pyrite and marcasite. 'The iron sulphi i i
. arcasite. ' phide, pyrite or marcasite ac-
cording to crystallization, is called “mundic” by the miners. It is an

almost constant accompaniment of the lead and zine ores, usually oc-.

curing in crystals on the surfaces of the blende and galena. It also
occurs in the Cherokee shales, some especially fine specimens of pyrite
having been picked up along Tar Creek east of the Miami camp,

The great amount of pyrite in the concentrates from the Miami

camp lowers the grade of the ore very markedly, The complete sepa--

ration of the pyrite from the sphalerite by the concentrating methods in

use is almost impossible owing to their having so nearly the same specific-

gravi'ty. Pyrite‘and marcasite are very similar in appearance. In the
remainder of this chapter the term pyrite is used to refer to iron sul-

‘p}y)i(_ltc although marcasite probably forms a portion of the-material ealled
pyrite. ‘

O'ha{copyrite. C‘}_la]copyrite, copper-iron sulphide, occurs as small
crystals in the dolomite of the Joplin region. In Oklahoma, no chal-
copyrite hnfI been observed but on some of the oxidized ores in the Qua-
paw camp there are green stains which are probabl lachi
by the oxidation of chalcopyrite. P 'y melachite produced

~ Qreenockile. Greenockite, cadmium sulphide, forms a yellow coate
ing on the surface and in cracks of the sphalerite, in the Quapaw camnp.
No crystals have been observed.

SHAPE OF THE ORE BODIES.

~ 'The subject is discussed fully by Smith and Sicbenthal in the Joplin
District folio of the United States Geological Survey and extracts from
that report are given below:

. ““Fhe forms of the ore bodies, some simple, others complex, all fall
into two general groups, the first including runs and their modifications;
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'thersesond consisting of blanket veins, or, as they'are' generally known in '

this district, sheet ground deposits.

Runs,

“Runs are irregular but usually elongated, in places tabular and in-
clined, bodies of ore, uniformly associated with disturbed strata which
have been subjected to brecciation, slickensiding, and moderate displace-
ment as the result of minor faulting or of dislocation due to under-
ground solution. Simple runs are linear and continuous, straight or
simply curved, ore bodies, usually al nearly the same level throughout
their extent. On account of the complication of minor faulting, under-
ground solution, and general deformation in the ore-bearing areas of
the district, such runs are rave. Many runs which have a simple structure
in cross section and which for short distances appear to be simple runs
are found on further exploration to he compound. Even the few. in-
stances of simple runs which have been noted may present more complex
features as the development of the ore body proceeds. It thus happens
that there are all gradations from simple runs ta complicated compound
yuns. Among the latter are those formed by the lateral connection of
two nearly parallel simple runs so as to form a single ore hody. Another
class, comprising by far the larger number of runs in the district, con-
sists of the irregular ore bodies formed in disturbed arcas that are due
to complicated underground drainage. Combinations of these give runs
of great complexity, among them, here and there, circular or subcircular
deposits, Tt will be seen, therefore ,that while theoretically the different
types of ore deposits are distinet, practically they grade into one another,
with no hard and fast lines between them. '

“The greatest dimension of the runs is horizonfal, although as com-
pared with that of ore bodies in other regions this linear extent is gen-
erally short, as a rule not exceeding a few hundred feet. The Arkansas
run at Belleville, with a length of over one-fourth of a mile, described
by Bain, is exceptionally long. It does not, however, preserve a uniform
direction, but varies from southeast to east, then to south, and finally to
west. The runs have a maximum width of 300 feet, but as a rule are
between 10 and 50 feet wide. The average vertical extent is aboutthe
same,.but in some cases reaches 150 feef...nn

Circles,

“Circular, subcircular, and roughly elliptical closed runs, commonly
known as “circles,” constitute one of the most distinctive and constantly
recurring types of ore bodies in the district.......w '

“The common structural relations that have been described fdr tHh
gimple runs likewise prevail in the circle deposits, though, owing tb
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variation in texture and perhaps in initial structure of the rocks, the
circles are not as a rule equally developed throughout, the width, vertical
extent, and general character of the breceiated zone and the associated

ore deposit varying more or less in different parts of the circle. The

circular zone of ore-bearing chert breccia, grading into the country rock
on _the pu@snde, is separated from the dolomite zone, which either forma
a ring inside of thig ore body or more or less completely fills the central
mass or core of the circle, by a more or less sharp plane of demarcation
which shades outward all around the circle. The larger slabs of chert in
the hreccias usually have an outward radial or quaquaversal dip, and in
places the same is true of the limestones and dolomites making up the
central barren core, which in such instances has s dome structure.

“I'hus the ore body has generally the form of a cylinder, dome, or
truncated cone, and a horizontal section except near the top of the dome
has the shape of a cireular or elliptical ring. In vertical extent, modo
of occurrence, and character of their ore deposits circles do not in general
differ essentially from the simplest runs, and like them are associated in
many places with an irregular. overlying area of shale. From the hooked

and eurved forms of runs all gradations to typical circles can be obgerved, -

and manifestly they should be ascribed to a common origin.  As pre-

viously set forth, they are believed to be but special cases of the effects of
underground solution, '

Sheet Ground or Blanket Veins,

« ; '
Blanket veins, or, as they are more commonly known, “gheet .

ground” deposits, are nearly horizontal, tabular ore bodies, many of them
of great lateral extent, developed parallel to the bedding planes of the
rocks. They are to a certain degree limited, much as the runs are, to
valleys and lo areas of brecciation and solution. ’

“The ores of the sheet ground are both galena and' sphalerite, oc-
curting in part along the hedding planes of cherts and in part in breccias
resulling from slight folding or fauiting of the bedded rocks or from
slight differential horizontal movements between the beds. In the bree-
cias the ores oceur either directly as cement or disseminated in jasperoid.

As found along the bedding planes, the ores are either in cavitics formed -

by s(_)lut'ion, chiefly of thin intercalated beds or lenses of limestone, or
else in jasperoid, which results from a ctasomatic replacement of this
limestone.  The jasperoid thus oceurs in sheets or lenses of variable
thickness, from a fraction of an inch to ¢ inches or more. Locally 1t
completely fills the interval between the beds of chert; in many places,

however, there are open spaces here and there between it and the chert

above.

“In these cavities more or less ore has crystallized and either lines
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ot completely fills the cavity. Sphalerite usually forms on the bottom of

the cavity, while galena, in places with marcasite on or about it, tends to
form on the roof. Where the cavities have been completely filled the
filling may consist wholly of sphalerite or galena, or of sphalerite in the
lower part and galena, with or without marcasite, above. Locally a
bed of limestone, especially where thin, may be completely removed with-
out replacement by jasperoid, the filling of thé cavity thus formed re-
sulting in a sheet composed wholly of granular sphalerite or galena or of
both. ,

“The ore of the cavities locally occurs in two or more generations.
A first generation of .sphalerite with galena may be coated with a later
generation of sphalerite, both generations of this material consisting es-
sentially of “rosin jack.” A still later generation of both sphalerite and
galena is often seen, the crystals usually small, or at least smaller than
those of earlier growth, the galena in many cases of different habit, and
the sphalerite largely of the variety known as “ruby jack.”.

“The horizons of the sheet ground, unlike those in which the runs
occur, appear to be well defined. Small deposits of this character oc-
cur, in association with runs, at various horizons throughout the Boone
formation, and in particular just above the Grand Falls chert, but the
typical sheet ground seems to be developed invariably in the Grand Falls
chert. :

“The sheet ground, as a rule, is firm, requiring for the support of the
roof only scattered pillars which are left at irregular intervals, usually
in the leaner parts of the ore Dody.rrrecrn S

“The sheet ground is fairly uniform in its ore percentages for con-
sidersble distances, such as might be included within the liinits of a single
mine, but it varies considerably at greater intervals. The percentage
of ore is on the whole considerably lower than the average in the runs,
but this is to a certain extent offset by the lateral extent of these deposits,
by their occurrence at a single horizon, nearly level, and by the usual
ready separation of the rocks along the bedding planes, all of which
conduce to ease and rapidity of ore extraction. Another advantage is
that the dead expense of prospecting in following the ore of runs is practi-
cally eliminated in sheet ground. The ground requires blasting, how-
ever, and on account of the predominance of siliceous material the drills
are rapidly worn down and ithe rolls worn out in milling. With & or
2% per cent ore,-the mines in sheet ground, as worked at present and
at current ore values, scarcely more than make expenses. From thid
percentage the yield of the ground as worked ranges locally up to 28
per cent or more of ore.”

Al] the forms mentioned as occurring in the Joplin district occum in
Oklahoma. The ore body at the Miami camp is a run which probably
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cxceeds in length any of those mentioned as occurring in Kansas ot
Missouri. The apparent length of this run is over one-half mile although
it is possible that the rum nearest the surface at the south end of the
camp plays out to the north and that the ore at the north end is from

a deeper run. In any event the run is continuous for over one-fourth

mile. Small runs and circles as well as sheet or blanket ground occur
in the Quapaw camp.

THEORIES OF ORIGIN OF THE ORES.

The various theories of origin of the lead and zinc deposits of the

Mississippi Valley and of the Ozark region have heen discussed fully in

several reports and papers, the principal ones of which are given herewith:

The Ore Deposits of Southwestern Wisconsin, by T. C. Cham-
berlin, Geological Survey of Wisconsin, volume IV (1875-
1879), 1882.

Iead and Zinc, by Nrthur Winslow, Missouri Geological Survey,
volume VII, 1892, pages 467-487.

Tead and Zinc Deposits of the Mississippi Valley, by W. P. Jen-
ney, Transactions of the American Institute of Mining Engi- -

neers, volume XXXII, 1894. .

T.ead and Zine Deposits of the Ozark Region, by C.-R. Van Hise
and FI. Foster Bain, United States Geological Survey,
Twenty-second Annual Report, Part II, 1901.

Special Report on Lead and Zine, by Erasmus Haworth and others,
University Geological Survey of Kansas, volume VII, 1904.

Geology of the Granby Area, by E. R. Buckley and H. A. Buehler,,

Missouri Bureau of Geology and Mines, volume IV, second
series, 1905.

@eology of the Disseminated Lead Deposits of St. Francois and

Washington counties, by . R. Buckley, Missouri Bureau ol
Geology and Mines, volume IX, Part I, second series, 1908.

For the purpose of this report it is deemed advisable to give only a
brief statement of the two leading theories as developed for the Ozark
Region by Van Ilise and Bain in Part IT of the 22nd Annual Report
Jof the United States Geological Survey, and by Buckley and Buehler in
vol. 1V, 2nd series of the Missouri Bureau of Geology and Mines.

All who have examined the deposits agree that the ores were depos-
ited from solution in ground water. There is no evidence of igneous
activity in the region although the miners have several terms such as

“blow outs” indicating such an origin. The theory of igneous origin ie-

entirely untenable in any portion of the Mississippi Valley and may be
disregarded. g
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While there is no question as to the aqueous origin of the ores, there -
are two distinct theories -as to the method of deposition. One school, -
the ascensionists, believe that the ores were first deposited by ascending.
currents of water and later concentrated by descending currents, while,
the other school, decensionists, believe that only descending currents have
had any important part in ore deposition. ,

Jenney, Van Hise and Bain have been the principal adherents to
the doctrine of deposition by ascending waters and concentration by
descending waters. The source of the ores is believed to be the Cambro-
Ordovician dolomites and limestones. Waters from these dolomites and
limestones carrying the metals in the oxidized forms are thought to have
passed upward through the Devonian shales and the Mississippian lime-
stones. The oxidized compounds were reduced by the organic matter in
the Devonian shales and also by the mixing of the artesian circulation
with the circulation from the surface. The ores were deposited through-,
out the Mississippian limestones and cherts and on up into the Pennsyl-
vanian rocks and were later concentrated at or near the surface by the ero-
sion of the upper rocks and the solution of the ores contained in them by
the descending waters. This ore was then deposited by coming into con-
tact with reducing media. The principal deposition took place in the
open cherl “breccia” at the base of the Pennsylvanian rocks, which was

‘taken by Bain to be a fault breccia.

This theory was founded on several conditions such as (1) the
supposed presence of deep faults which would pass downward through
the Devonian shales and into the Cambro-Ordovician limestones and
dolomites; (2) the artesian character of the mine water, Bain making
the statement that the amount of water pumped from the mines did
not vary with the season; (3) the association of dolomite with the ores,
which was regarded as being practically universal and which was sup-
posed to indicate tl\le origin from the Cambro-Ordovician dolomites.

Buckley and Buehler in the report on the Granby area have shown
that Bain was mistaken in his interpretation of the conditions in the
district, and (1) that what he supposed to be faulting was due to an,
wnconformity at the base of the Pennsylvanian, and to minor readjust-.
ments of the Pennsylvanian rocks to an unevenly eroded surface, and to
a sink hole topography, (2) that the breccia was not due to faulting but
to the cementation of the surface chert fragments such as now cover the
surface in the region, (3) that the mine water varied greatly in wet and
dry seasons, (4) that the dolomite was by mo means a constant ac-
companiment of the ores and was no greater in amount than can be ac-
counted for by solution from the shales and limestones of the Pennsyr
vanian and Mississippian, (5) that the organic matter which was prob-
ably the precipitating agent was almost certainly derived from the over-
lying Pennsylvanian shales, (6) that from an upward circulation the lead
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sulphide would have been deposited in the lowest levels of deposition, re-
versing the conditions as found in the district, (7) that the Pennsylvan-
ian shales contain sufficient lead and zinc to account for the ore bodies,
while the waters from the Cambro-Ordovician rocks contain mere traces
of the metals.

ITaworth, in the Kansas report referred to above, as a result of
careful investigations estimates that more than 90 per cent. of the mine
waters in the Galena district can be accounted for by the rainfall in the
district and the territory immediately to the east. Te states that it would
be impossible for the rainfall on the outcrop of the Cambro-Ordovician
rocks in southeast Missouri to supply more than a tithe of the water
pumped from the mines at Galena. :

Smith and Siebenthal in their folio on the Joplin District aceept
(with some modifications) the Van Hise-Bain theory of deposition by
ascending waters and apparently regard the association of ore bodies
with the outerop of the Pennsylvanian rocks as largely accidental. They
do not, however, find any great faults or attempt to account for the up-
ward circulation of the ground water.

In this connection it is interesting to note that the most recent
work in the northern Illinois-southwestern Wisconsin district, the region
to which Bain first applied the theory of deposition by ascending’ water,
tends to show that the ores are derived from the Maquoketa shales which
overrlie the ore bearing rock instead of from the limestones which

_underlie it, in other words that the ore has been deposited from descend-
ing waters®. '

The bearing of observed facts in the Oklahoma field is in the same
diection. No deep scated faults are observed in the productive areas,
and on the other hand ore is not known to occur in the deeply faulted
area lo the south of the producing field. The large faults do not pro-
duce a fault breccia of such extent as the “breccia” in the producing areas.
There is very little ealcite and practically no dolomite in connection
with the ores. The water in the Peoria and Tincolnville camps is not
‘artesian and that in the Miami camp can probably be accounted for by
the rainfall on the territory immediately to the east. The orcs are in-
timately associated with outcrops of the Pennsylvanian shales which
¢ontain small quantities of galena, of sphalerite and considerable pyrite
and bitumen.

DESCRIPTION OF THE MINING CAMTS.

Up to the present time three mining camps have been developed in
the portion of the Joplin district lying in Oklahoma. These are in

30. Cox, G. H., Elizabeth sheet of the lead and zinc district of northern
1llinois, Bull. Ill. Geol. Survey, No. 16, 1910 .
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order of age, the Peoria, Quapaw or Lincolnville, and Miami. Their

location is shown on the accompanying map (fig. 8.)

The Peoria Camp.3

Location. The Peoria camp is located at the village of Peoria, six
miles south of the Kansas-Oklahoma and three miles west of the Missouri-
Oklahoma line in sec. 1%, T. 28 N., R. 24 . of the Indian Meridian.
Some digging has been done in sections 13, 14 and 15.

History of development. The first work was done in this camp by
the Peoria Mining Company in May, 1891. The town of Peoria, the
firat town incorporated in Indian Territory, was laid out and incorporated
in 1892. The Peoria Mining Company sold about $1,000 worth of ore
during 1891 and 1892. In 1893 the company was reorganized as the
Peoria Mining, Construction and Land Company. From May 1, 1893 to
September 16, 1894, 2,726,418 pounds of galena were produced and
hauled by wagon to the Joplin White T.ead works where it was sold at
$44 per ton. During the same time 56 tons of sphalerite (jack) and
332 tons of silicate were hauled to Baxter Springs, Kansas, where the
sphalerite was sold for $11 per ton and the silicate for $8 per ton. The
value of the production of the camp during this period was about $63,250.

"The absence of tramsportation facilities worked a hardship on the
camp in rendering the marketing of the ore very expensive and by
making it difficult to secure and hold suitable labor. As a result develop-
ment since 1894 has been on a small scale and of an intermittent nature.
The following quotation3? gives the conditions of the camp in 1907.

“The mines at Peoria were opened in 1891 on land the first lease
of which is held by the Peoria Mining, Construction and Land Company,
& New Jersey corporation. The most productive area adjoins the vil-
lage on the northwest, and underlies the bottom and north blufl of War-
ren Branch. In the creek bottom, over an area 300 fect long east and
west by 100 feet wide, known as the Playhouse diggings, a solid sheet of
galena was found in chert at a depth of 7 to 10 feet. This sheet, nar-
rowing to 60 feet, extended northward for 600 feet under Monkey Hill
and is reported to have been from 6 to 22 inches thick. Other shal-
low deposits of lead have been worked on the first and second hills west
of Monkey Hill. Not much sphalerite has been mined at these places.
A sheet of sphalerite from 4 to 18 inches in thickness, with a thin sheet
of galena just above it, which yielded two carloads of ore, was struck
about 12 feet above the level now worked for silicate.

1. For the information regarding the early days of the Peoria camp
and the presence of the deeper ores I am indebted to Mr. J. P, McNaughton
fof Mlaml, Oklahoma,

32. Siebenthal, C. E., Bull. U. S. Geol. Survey No, 340, 1907, pp. 201-202,
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“Silicate mine. The Silicate mine is operated by Gordon & Wilkins.
okhe shaft is in the face of the hill just north of the creek, about 50 feet
west of the edge of the Playhouse diggings, and some of the drifts extend
under those old workings. The face of ore ranges from 1 to 7 feet in
height, averaging %34 feet. The drifts are catried 6 to 8 feet in height
and from 10 to 12 feet in width, and have a total length of approximately
1,000 feet, covering an area less than 200 feet square. The ore oceurs
cither in slabs or as “fish-egg silicate,” in clay interbedded with red tal-
low clay and layers of soft, rotten chert, the whole conforming to the
limestone horses and bowlders which are present here and there. In one
place the walls of the run closed in, nearly pinching out the ore, which
continued on through the opening in the solid limestone. 'The ore in the
main is plainly the result of a carbonate replacement of the limestone
country rock, associated with more or less underground solution, the lat-
ter in part antedating the ore deposition, giving rise to the openings
through which the ore-bearing solutions passed, and in part contempo-
rnaeous with the ore deposition. The ore is concentrated on hand jigs,
the quantity of fine fish-egg silicate associated with. flat shapes requiring
an elaborate scheme of congentration. Women and giris are employed

to hand pick the screenings—probably the only instance of such employ-
ment in the Joplin region.

. “Chicago Syndicate Mining Company.—In 1907 the Chicago Syndi-
rate Mining Company erected a mill over some old workings half a mile
northwest of Peoria. The level worked at the mill shaft is 120 feet
dleep, but at another shaft on the edge of a small, oblong solution patch
of shale and sandstone of Chester age, the mining was done at the 160-
foot level. A considerable amount of lead was taken from this shaie
patch at a depth of 12 to 22 feet, the ore occurring near the base of the
sandstone and shale. In the drifts now being worked the ore is sphalerite
disseminated in rather coarse crystals through the bluish-gray jasperoid
ccement of chert breccia. In places this ‘cement malkes up one-third to
one-half of the mass of the breccia, the chert bowlders and slabs being
suspended in it. Considerable spar is present here and there, and where

decomposition has progressed far there is much tallow clay.

“Other mines—The Poor Boys Mining Company is operating a sili-
cate mine, and several other companies are prospecting in the immediate
vicinity of Peoriam. '

“I'hree miles due east of Peoria, on a tract of land belonging to 8. L:
Davis and adjoining the State line, in the vicinity of the Pinnick mines,
there have been some recent strikes of ore. The Grimes & Williams
shaft is sunk near the border of a circular solution patch, bordered by
an outcrop of breceiated chert with a jasperoid matrix showing impres-
sions of sphalerite crystals which have been leached out. Within the eire
cle there are scattered sandstone bowlders of Chester age. The ong is
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sphalerite and oceurs at the 90-foot level in the matrix of the chert
breccia. This matrix consists of jasperoid in some places and of dolo-
mite In others; in still others the ore itself acts as the cement. In the
McKisson shaft, on the same tract, a 3-foot run of lead was struck at
the 60-foot level in yellow flint ground.”

Since 1907 there has been very little new development and only a
few mew prospects have been made. The mill of the Chicago Syndicate
Mining Company has run very little. The Silicate Mine has been worked
on a small scale most of the time. At present the silicate is separated
from the stiff red clay in which it occurs, by sluicing with water pumped
from the s]m}'t by means of a gasoline engine. In dry scasons the water
from the sluice box is run back into a sump at the bottom of the shaft,
and is used over and over. A small production of silicate is made from
several other shafts in the neighborhood. '

Very little prospecting for deeper seated ore has been done. A few
holes are reported to have shown considerable bodies of low grade sul-
phide ores in sections-12 and 13 but the head of water is so strong that
concerted action would be necessary to lower it.

. With the present conditions of transportation therc does not seem
to be any immediate prospect of great development in this camp, but i
a railroad should be built through the camp and if further prospecting
should show that the sulphide ores of the deeper levels are present in.

quantity, the Peoria camp has a good pr ' i i :
vl P good prospect of becoming an important.

The Quapaw or Lincolnville Camp

As is the case for the Peoria camp, the Quapaw camp has shown
little development since 1907 when the article by Siebenthal, which has
been used extensively in this report, was written. His remarks on this
camp are therefore given in full and afterward a few notes showing the
present condition of the camp. The state of development of the camp
in 1908 is shown in figure 9.

Introduction. “The Quapaw mines extend from 1 to 4 miles east
of Quapaw station, and from 5 to 7 miles south of Baxter Springs. The
ore-bearing ground has been proved by drilling to extend for some dis-
tance beyond these limits on all sides, notably to the west, in the vicinity
of Quapaw station, where a good strike was made in drilling the town.
well. The main ore deposits occur at a depth of 80 to 150 feet in blankets.
gmund‘formation, rarely in confused broken ground. Ore at shallower-
depths is limited ehiefly to the region lying immediately south of Lincoln..
ville, the village at the Quapaw mines. On the eastern edge of the
Quapaw district the blanket ground rests upon the Shorl Creek oolite-
mémber of the Boonme formation, which is usually penetrated by._'the's
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fmine sump. Though doubtless the blanket breccia ‘forms a.n'un_inter-
rupted sheet throughout the area of the Quapaw mines, the oolite is not
found in the western mines. This is because the bed, as -noted in its
description, thins out or loses its oolitic character along a north-south
line which bisects the district. The ores found in the blanket ground are
sphalerite and lead in about the proportion of 5 to 1. In a part of the
blanket ground there has been some oxidization in the upper part and
2 little calamine is present. No ore is mined below the Quapaw blanket
ground, although the drill has shown ore at deeper levels. In the shal-
Jow ground, the ore, which is principally silicate and galena, occurs in

runs and circles. In addition to the circular solution patch (with a

probable circular ore deposit) on the Cherokee Lead and Zinec Mining
Company’s land, described below, there are several other shale and sand-
stone patches of the same shape. A circular shale patch at the FTF
mine had much sphalerite and pyrite in the lower part of the shale, and
ore continued in broken ground down to the main blanket ground at 90
feet. There is a large circular solution patch on the Red Eagle tract,
in the NBE. 14 SE. 1 sec. 31 T. 29 N., R. 24 E. The shale area is
350 feet in length north and south by 300 feet in width. A shaft near
its southeastern margin shows a thickness of 0 feet of shale. The shale
area is surrounded by a low rim of chert which dips away from the center
on all sides. Near its contact with the shale the chert is brecciated and
recemented . with jasperoid from which considerable sphalerite has been
Jeached. It seems rcasonably certain that the ore here, should it occur
in workable quantity, will be found in circular shape. '

“There are in the Quapaw district 25 steam concentrating plants,
with a daily capacity of 3,300 tons, besides 7 mines operating hand-jig
plants. In the typical blanket ground hand jigs can not be operated to
much advantage, as the ore must be crushed very fine to Iree it from
‘the rock. Those in operation are working with dirt from the shallow’
ground or the more oxidized portions of the blanket ground. In ad:
dition to the mines with concentrating outfils there are about 30 pros-
pects which have shafts down to the ore. The owners of some of these
prospects have planned to build millsy others are waiting for ore prices
to become better. '

“«Cherokee Lead and Zinc Mining Company.—In a field on the
Cherokee Lead and Zinc Mining Company’s léase just southwest of
Lincolnville several wagon loads of calamine were picked up, having
been plowed up and cast aside in ignorance of its value. Approximately
50 tons of silicate with a little lead were taken from shallow open (:EE
less than 15 feet in depth, along the southwest margin of a circular sobif:
tion patch at this place. Timestone and sandstone of Chester age comms
the surface except for the circle 125 to 150 feet in diameter. The bormm
of the circle is marked by-a ring of sandstone bowlders. Inside thas riflli
shafts and borings strike -Cherokee shale with a little coal. - Between
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the sandstone ring and the adjacent limestone there is, along the south-
west margin, a strip of chert breceia with a matrix of jasperoid.. This
matrix has been ore bearing, as shown by the cavities from which sphal-
crite has been leached. The ore found in the shallow diggings lay mainly
between the breccia and the limestone, but also extended in clay seams
into both the limestone and the jasperoid. Tn the shaft just west of
the circle ore was found at a depth of 35 feet in the clay and lime-
stone bowlder filling of a solution chamber at the base of the limestone of
Chester age,

«A gheet of lead ranging up to 6 inches in thickness was struck ‘at
a depth of 40 feet in the shaft of the Alabama Mining  Company,.8
hundred yards south of the locality just mentioned. .

“Ctood Luck mine.—Soft “confused ground” occurs at the Good
Tuck. mine, as well as in some other mines in the northeastern portion
of the Quapaw district. In the No. 1 shaft of the Good Luck mine the
goft ground joins the blanket ground along a north-south line and the
cast-west drift is partly in each kind of ground. The blanket ground ex-

posed by thé drift is fractured and broken, but mot rccemented, and in’

places the bedding is entirely obscured. Clay and gshale occur in the
fractures and joints and between the chert beds. The blanket ground
was evidently much softened by. the solution which.is responsible for the
confused ground adjoining. The latter is the typical soft ground of
chert and limestone bowldérs in soapstone and yellow clay. Tift and
pink spar are present in veins and pockets in the unoxidized ground
and impressions of spar and gphalerite occur in the jasperoid cement of
the oxidized ground. Weathered lead occupies seams and fractures in the
jasperoid. The No. 2 shaft was sunk on a drill hole showing tich lead
cuttings that were found to have come from a solid chunk of galena a foot
or two in thickness, which did not reach completely across the shaft.
When followed to the south the lead gave out within 2% feet of the
shaft, but the drift soon ran into good zine ore. The ground hiere con-
sists of dull chert and ratten limestone bowlders in a matrix of shale,
clay, and tallow clay. Some of the bowlders are of secondary limestone,
highly crystalline and very rich in ruby gphalerite in grains of the same
gize ns those of the limestone. In some of these limestone bowlders the
sphalerite constitutes from 15 to 25 per cent of the mass.

«Mission mine.—The Mission mine may be chosen to exemplify the
blanket-ground mines because it is typical, because its underground
workings arc the most extensive, and because it is the best-known mine
in the district, having been the “show” mine from the beginning of
the ecnmp. The mined area extends over approximately 5 acres in the
NE. ¥ see. 1, T. 28 N, R. 23 T. The blanket ground is about 30 feet
in thickness, the top of the ore being reached at about 50 feet from the
gurface and the limestone upon which it rests at about 80 feet. -Only the

‘the superincumbent. strata.
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upper 18 to 20 feet of this ground has been worked, though at the time
the mine was visited a lower stope 10 or 12 feet in height was being taken
up from the pump ghaft. ‘ ’

«In this mine, as generally in the district, there is at the top of the

"blanket ground % or 3 feet of soft ground, containing more or less black

shale and yellow clay. TLocally solution has progressed so far that slabs
only of limestone and chert occur in the shale and clay., There is as 2
rule more or less spar and tiff in veins and pockets, and here and there a
little bitumen. Much of the shale i slickensided. This zone s appar-
ently pot one of general movement, but one of accommodation to the
slight stresses resulting from underground solution and the weight of.
It seems likely that the opening at the top
of the blanket breccia, into which the clay and shale have been drawn,
was largely a result of the settling of the chert beds when the inter-’
bedded limestone was dissolved. The fact that the roof did’not settle

into this space would be explained if the golution in the blanket cherts’

went on by areas, portions remaining to support the roof until after the
portions first dissolved ‘and fractured had been recemented by jasperdid:
and rendered capable of sustaining the roof. This upper, softer sheet -
is in many places richer in ore than the harder ground below, but on the
other hand it is here and there entirely barren.

«Below the soft ground the blanket breccia consists of greatly frac-
tured “live” blue flint, which in the more unbroken portions shows small
dark spots one-eighth to one-fourth of an inch in diameter, gurrounded -
by a lighter border. ,At many points the stratification of the chert is
completely obscured by the brecciation, but in general it can be made
out cither from the chert or from the jasperoid sheets between the broken
chert beds. ' :

«The brecciation of the chert ledges is uneven. In places the whole
ledge is broken up; elsewhere it is broken into large bowlders with finer
brecciation between them; elsewhere still the.sheeis are comparatively
unbroken, with chert fragments suspended in the jasperoid interstrata.
In many of the more unbroken portions of the chert strata traces of a
former fine brecciation may be distinguished. The outlines of the frag-
ments are faint, and the cementing material resembles a network of thin
dark veins. These are mot ore bearing and possibly correspond to the
older sheet brecciation in the sheetground deposits of the Joplin district.
At numerous places in the mine the chert is fractured vertically or nearly
.s0. Some of these fractures come 80 close together as.to constitute
“gheeting” and to conceal the bedding of the chert completely. They
are ordinarily not slickensided, but are usually stained dark by the cir-
culating waters. In general they are open, containing neither ore nor
jasperoid. They are probably equivalent to the sheeting in the mines
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of the sheet ground in the Joplin district, where also the sheeting is
later than the ore deposition. '

“The ore in the Mission mine consists of sphalerite and lead in the

proportion of 2 or 8 to 1. The latter is found in fissures and crevices in'

the chert, and the former is disseminated in the jasperoid as well as in
the crevices and fissures. Where both the ores occur in & pocket, the
galena shows a tendency to be crystallized in the upper parts and the
sphalerite in the lower parts. In the mine as a whole not much dif-
ferentiation can be scen, more lead occurring in the upper portion in
some places and near the bottom in others.”

Condition of camp in 1911. Conditions gince 1907 have not been
such as to permit the low grade blanket ground ores to be worked on
a small scale with profit. Besides many ol the mills were built before
suflicient prospecting had been done to insure g sufficiently large ore
body to render operation profitable under any circumstances. Many

of the mills have been removed and others have stood idle practically”

?11 the time since they were erected. I'rom the appearance of the camp
ew of the mills have run sufficiently to pay for the cost of machinery

and installations. Among the mills that have been removed are the:

Joanna, Big S L ing Rj Li ;

a, . quaw, J. C. L., Spring River, Lincolnville, Omaha, Iob
Heap-O-Brien, Querera, Sunnyside, D K H :  Tadione,
Mason, Ward,, Lennox, ’and otl);ers_, nark Horse, Ayers-Sloan, Indisna,

In the autumn of 1911 only four mills were running. Two more
were closed down temporarily and one hand jig and a few “gouging”
propositions were being worked. The four mills being operated were the’
old Mission Mine, old M. K.?& T., Big Jack, and Good Luck,

N The Mission mine is operated by the Kausas City-Quapaw Company.
The workings have been extended to the south and west and the new
workings are at a level 8 fect lower than the old workings, and a face

of 20 feet is worked. The old mill has been recently abandoned and a -

new 100 ton mill erected ahout 100 yards southwest of the old site. The
ore 1s clevated through a new shaft at the mill. The longest drifts in
the newer workings extend abont 300 feef from the bottom of the shaft

and there are several lateral drifts 100 to 200 feet long. The total num-
ber of headings or faces is above 60, |

None of the drilts have reached the limits of the ore body and drill
holes sh.ow it to continue to the soulh and west to the limits of the Jease.
No borings have been made for deeper ore but it is scarcely probable
that Jarge ore bodies are present below the blanket ground. :

i The “dirt” runs 30 per cent concentrates when properly culled.
',.l‘hc concenirates average one-third galena and two-thirds sphalerite. .
The sphalerite concentrates are rather high grade, containing 56 to 60
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per cent of zine, and 2 to 3 per cent of iron. The galéna is higher in
the southern part of the workings and decreases rapidly to the north.

The mine water all seems to come from the surface and-is easily
handled. The mine, filled to the roof, is reported to have been emptied
in four days of continuous pumping. :

The old M. K. & T. (Katy) mine is owned and operated by the
Petersburg Land and Mining Company, a Missouri corporation, which
owns all of the SW. 14 sec. 36, T. 29 N., R. 23 E.  Borings show the
blanket ground to be present under the whole 160 acres. A new 400
ton mill was erected in 1911 west of the site of the old Katy mill. The
equipment consists of 2 crushers, 9 scts of rolls, 8 jigs and 6 Wilfley
tables. Power is furnished by a 250 Horse Power Bessemer Gas engine.

"The conditions in general are the same as those in the Mission mine
to the south. The workings are on the 70-foot level and a £0-foot face is
worked. About two and one-half acres have been worked out. Dirt is
obtained from three shafts, 2 at a time. The ore from the shafts away
from the mill is hauled in automatic end-dump cars on inclined tracks.
The dirt produces about 3 per cent of concentrates which, however, are
all sphalerite which assays 60 per cent zinc and between 1 and 2 per
cent iron. Ordinarily 8 carloads of 30 tons each are produced-each
month.

The Big Jack Mining Company controls 11 acres in NI. 14 sec. 6, 'T.
28 N., R. 24 B. Less than two acres have been cut out. The workings
are in a soft ground containing considerable clay, on the 107-foot level.
A face 14 feet high and 24 feet wide is worked. The run dips slightly,
to the west and becomes thicker but does not widen out. Timbering
is necessary in the soft ground, and there is considerable water. The
dirt runs about 6 per cent concentrates, sphalerite and galena in the
proportion of 8 to 1. The sphalerite runs from 59 per cent to above
60 per cent of zinc and from 1 to 2 per cent of iron. Tif and
spar are associated with the ore. About 175 cars of dirt are handled
per 10 hour 8hift. An upper run of 4 per cent ore 40 to 50 feet wide
and 25 to 30 feet thick is not being worked at present,

The Good Luck Mine at the northeastern corner of the camp has
been described in the quotation from Siebenthal. Work has continued
at this mine and a large production has been made. In the fall of 1911
the mill was working ore from which 10 per cent of concentrates, all
sphalerite, were recovered. The mill has a capacity of 100 tons per day:

The mill at the Lancaster mine to the south of the Good Luck
burned in 1910. The Ethel Miller Mining Company is working a hand
jig on the site of the old mill and has shipped several carloads of
sphalerite. There is little galena in the ore, which is found in a hard
ground.
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rlwh 'y n .
e White Iagle mine and the Sweeny or McAlester mines have:

both 1 .

b“tln)eeietﬂe(:-pi;?,t]ed considerably and have produced large quantities of

productions of si%i(:z&;: :;::iﬂ;m% during the latter part of 1911 Sm(:ali(l’
: . caa are . I

but the amount of this production ig:fﬁgs:?:;]?;?ﬁfed the other mines,

The Miami Camp,

. ‘ :
eography amd geology. The Miami mining camp is located from:

four t i i

illutli]i:cf{il‘r]':: miles north of the city of Miami. Most of the devel

n this o pis 1'n the east half of sec. 1, T. 28 N, R. 22 & T the

rrown zgr?}f; I(;i’ sec..'?, T. 28 N, R. 23 5. "]f’he.villné;z r::r)}(xiicllrx1 lt he‘

Y e OkllsH?:mlfsl kln(own as Hattonville (Post Office No:'?lt:"

o a, Kansas and Missouri Ir "Rai

(steam )connects HMattonville with Miami and giiresI Iflxt:r:;]t)ltrtl fﬁ?rllh‘:;!y‘
he

mines to the T'ort Scot i
oo Ty Mizfr(;]it, and Afton line of the St. Louis and San Fran-

The surface of the country i

ot [ niry is nearly flat with a v

soufh 1;(1)13] ssltllglgehtlly east to Tar Creck, a tributary ofatheer)iqgsgﬂ)e Isll'ope
o Che:oakm stream about 5 miles south and 1 mile east flz']er
o Lk ee slilla]e forms the surface rocks and dips at v ; 1 "
ngles In & goner rlu)ort westerly direction. Rocks of the Chestefry "
o & ghort distas <f:e eneath the surface and are exposed in th l{;roup
Jar Ore milelz; " f}f as the center of sec. 8, T. 28 N,, R. 23 Ee Tone u 05
one-ha sandstonesr ndofhthe no_rtheast corner of Miami,. "These ;ogll:: clm
laid by the Boone %or;aﬁies ziltilrl:]f oorﬁgclri(;n est<]mes. ety lind(:l]':
the east, and on Neosho River south of MIi):n?ifm%‘l?g?:l%eliigzgnsfﬂﬁ:ite(;

between the Boo
Py ne and the Chester and between the Chester and the

T zin
or sun]((laslt?)irlf}a antduzmc ore hs'ls been found so far principally in the Ches
the lower por.tion grflgth?zer(gz}mtoml solution channels. the limestones h;
1ester have been rem :
:;}l:r;]:tgggsbhavebsettled down on to the Boone. Ir(;vﬁ(llisaslz;gtlgze tt)lverlymg
formed hnvgel?ecnr(f)‘]ifn and breccigted. The crevices and opegninle s,tl]nd.
and pyrite, Laterlded‘ by a deposit of secondary chert, sphalerite e 1 o
N e e evglopment has shown that the b,rccciated c;)g:il'[f'r]u'
that some of theelifx?(r;stt]:nuc-:es fdftlen into the Boone so that it is 1)1:01:“.1?]2
that of of the upper porlion of th :
of the lower part of the Chester has been remove?l ]g;o::hfao:e“ "

Nature of ores. In the Miami
. Miami ¢
palena; i e amp the ores a i
been found. A hélarvyvcgi)l, c};ttk}iet o o (dolomite or ca]citee)#ahag
outs in t ; umen is associated wit
in the same manner asg the ore, i. e. in crevig;shu;cl}:le l;)ertiv::: 3(:—
e

" oauses considerable pyrit
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laminae of the gandstone. As has been mentioned, the galena and
sphalerite occur in crevices in the sandstone, and in the chert. They

also occur between {he laminae of the sandstone and to some extent small

crystals are disseminated through the gandstone. In the primary chert of
ccur in crevices and are

the Boone the secondary chert and the ores 0

found cementing the chert breccia. In crevices and pockets where the
relation of the minerals to each other can be made out, the galena seers
to have been deposited Grst as it occurs in large cubes next to the wall
rock, the sphalerite flls in the spaces between the galena and often
covers it. Pyrite occurs as small erystals on the galena and sphalerite.

This successeion 18 plainly seen in some places but in others there is 1o
runs high in concen-

apparent order of deposition. The ore (“dirt”) ,

trates, the recovery averaging about 10 per cent of the material handled,
but probably not over 65 to 70 per cent of the metallic contents. In
pockets of ore the recovery sometimes runs as high as 50 per cent of

the dirt.” The zinc concentrates on the other hand are of rather low
rade on account of the pyrite and insoluble matter that they contain.
In the early days of the camp, and in newly opened mines the concen-
trates also contain some bitumen which, is penalized directly and also

e to stick to the zine concentrates, still further

jowering the grade of the ore.
In newly opened mines the bitumen gives rise to difficulties in con-
«halls up” with the ore in the first cell of

centration. The bitumen
the cleaner jig and settles on the grate 80 that the cell must be cleaned
out often. 1t also forms a film over the particles of sphalerite, which

collects the fine pyrite and holds it o tenaciously that it cannot be
washed off. DBesides lowering the grade of the concentrates indirectly
by increasing the percentage of pyrite, the hitumen is penalized directly.

“he only film formed from the bitumen on the water probably has a tend-

ency to float on the fine ore slimes.

Shape of the ore bodies. The ore bodies so far worked consist of
a pumber of approximately parallel runs. The principal one of these
runs extends from south of the center of the NW. 14 sec. 7, T. 8. N., R.
93 B. in a direction slightly west of north through the E. s sec. 1, T. -
28 N., R. 22 E,, and into sec. 36, T\ 29 N. R. 22 B This ran is from
g to 150 fect wide and from 15 to 30 feet in thickness. As shown up
to the present time the length is over one mile and a half. The run
dips to the north, depths at which the ore is encountered on differcnt
leases (See fig. 10) beginning at the south end of the camp being as fol-
lows: King Jack, 90 feet; New State, 100 feet; Turkey Fat, 120 feet;
Emma Gordon, 150 feet; Oklahoma, 180 feet; Carson-Dodson, 210 feet.

A number of the operators pelieved that the body encountered on
. the Oklahoma and Carson-Dodson leases did not represent the run which
\vas being worked farther south but that it represented a deeper Tun.
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Several drill holes were sunk on the lea
; _su ases to the south and
r}l]ll w{gls found at a consideroble depth below the first, and th;s 1;8200;::](}
:;srg()tt(r)) prtovt; tt}}mt the ore on the Oklahoma and Carson-Dodson legses
g -Part of the original run. The depths at whicl tl
was found on different Jeases ; 'p ka 135: IpW'er ok,
160; Turkey Tat. son s as follows: Swastika, 135; King Jack,

From an examination of these figures it seems to the writer that-

it is more probable that the ore
) ! 15 on the Oklahoma and Carson-D
lenses is continuous with the upper rather than with the lower r:gs?)lé

the soutl , .
fOHOWsl: 1 part of the camp. This is shown by tabulajing the figures ag

o 3 2 'TE .I
Lease = S g <3 : g
:g w - ; g © o é g
c " g Lo £ on
& o B o g g5 ] o
0 i g g8 3 X §g
z = b Ao o 6R
Depth to top Upper run ! 90 !
Denth 19 {op Upper run'"'l 2 90 100 115 120 170 210
160 [ : :

! \ e 200 200 |erenenn 300

The -data are not conclusive but i -
_ ta a t seems more probable t
Il'xurr:1 \]vh]ch dips from 90 fqet on the Swastika to 115 feI::t on t?le g’?itarﬂlf
: algamated should continue to dip until it reached g depth of 170
t}?ii lg]qtgli}]g)]](lallomn Sh{}lft ]adnd 210 feet in the Carson-Dodson, réther
: : ;ower run should dip from 135 feet at the Swastika t
]i;ierz{:ltantl]led{\fmml' A;na]gam;ted and then rise to 180 feet agt 1t{}?e (C))lf](s)l(3
na 'P agam to 210 feet at the Carson-Dodson. T} 1
position is not impossible but scems very i e, ot o
] sih . se Yy Improbable. T ¢
gt ]mr}d, the' writer believes that the run in pthe northernroglrit:h(czﬁd:}f:
amp 18 continuous with the upper run and that the lower run (1) may

be present on the northern leases at some such depth as 280 to 300 feet

on the Oklahoma and continuall
a: y deeper to the north or (2 \
out to the north or (3) may turn to one side. In the ]nsg c)as?t’z.]‘;epj)?'g

on the Chapman-Tennon leases t
ases to tl ' ' i
represent the continuation of thig ]owl:r ]Il'?xl;lt.he%t ot the Oklihoma may

o sInb:I]I]mtz(I)d dbrer“borne ind mriq? that the number of dril] holes is as yet
: aw any definite conclusions, and that the st
made above are generalizations based on rather meagre d]atas ::flmf}?at:

the views held at this time 1li
Tew more protpest 1 & may be greatly altered by the drilling of a

To the west of the middle ' i i
' part of the main run
;7}(1)16:(1)1 Ihns about the same width ag the main run. I]ts iz E(;)ilcloyniblgﬂ
) eet in length., Farther to the southwest but still within the east
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14 sec. 1, T. 28 N., R. 22 . are two more -short runs or groups of
runs. In these minor runs the dirt is not so rich as that of the main
run but the concentrates are of higher grade. The runs farthest to the
southwest are very short and so narrow that they have not been worked

profitably.

Mining methods and conditions. 'The mines at Miami have been
developed by men from the Joplin region and the same methods which
prevail there are followed. Prospecting is entirely by churn drilling.
Shafts are easily sunk through the soft Cherokee shales except in cases
where the water hinders operations. One shaft ig usually sufficient for
hoisting and pumping but a second shaft is mecessary for ventilation
when the underground workings become very extensive. '

The water in the camp is difficult to control especially in the newly
opened mines. However, the development of the camp has been from
the south to the north and the dip of the ore body and of the country
rock is in the same direction so that the opening of the new mines to the
north has continually lowered the water level in the mines to the south.
The strength of the water may be judged from the fact that ¥ maonths
pumping with two centrifugal pumps throwing six-inch streams was
necessary before the 210-foot shaft on the Carson-Dodson lease could

be sunk and a drift opened.

The water is a further hinderance in that it is strongly charged with
hydrogen sulphide gas. In sinking shafts and in new openings the gas
is so strong that the Jlaborers can work only two or three hours at a
shift, although there is much individual varjation among the men in
their ability to withstand the gas. Several workmen have been over-
come by the gas and have been rendered temporarily blind by too long
exposure to its action. After the drifts are opened and air gotten into
the mine the gas gives no further trouble and in the older mines there is

little or no odor of the gas.

, The methods of milling and concentrating of the ore do not vary
essentially from those used in other parts of the Joplin district. TFine
grinding is necessary to separate the ore which is disseminated through
the sandstone and this makes the use of concentrating tables necessary.

The leasing system is followed and the mines are seldom developed
by the owners of the land. In Miami camp practically all the land is
owned, or the first lease is held, by two companies, the Miami Royalty
_Company and the Emma Gordon Mining Company. These companies sub-
lease the lands to the prospectors and operators. These in turn may
lease all or part of their holdings to other parties, and the mines may be
actually worked by companies holding the third or fourth lease. The
royally. paid varies from 10 per cent where the lessee prospects and
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develops the land if ore is found, to 50 per cent for proven mines equip-

ped with mills,

Mining development. Under this headi bri ipti
g development. U ing a brief descriptio
each of the mines is given with general data as to their Workingsi rlzlilolf

COoNMONWEALTH MINING Co.
Bao 137

Or1n s snciman

184
T )
1*ig. 11. Map of underground worklng of Commonwealth Mine.

ing equipment, output and ores. The properties on the main ru

_ n are
1:chn up in order south to north and then those on the minor runs in the
same order. ' Tinally a discussion of the prospecting outside of the devel-

oped portion of the camp is gi .y : .
is shown on fig. 10. p is given. The arrangement of the properties
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The Swastika is the lease farthest to the south that has been worked
to any extent. The ore was found at a shallow depth and was worked
out in a rather short time. A mill was erected but was later moved 'to
the Sullivan lease operated by the Miami Amalgamated Company. The"’
deeper run was found in a arill hole north of the mill site at a depth of
135 feet. If ore should prove to be present in quantity the lease will be
revived.

The Morning Star (Commonwealth) lease has been mined out and
the mill removed. The Index mine and mill was operated by the Kenwood
Mining Company. Considerable production was made in 1908 and
1909. Operations were discontinued and the mill moved away. Both of
these leases will be prospected for the deeper ore and may be revived. A
shaft was sunk on the Ben I ur lease but apparently failed to show ore
in paying quantities since there has been no further development. The

" pature of the underground workings in this portion of the camp is shown

in fig. 11.

The King Jack mine was operated by the Temple and Chapmau .
Lead and Zine Company during 1908-09. A considerable production was
made but the vein was worked out and operations discontinued for some
time. The Miami Amalgamated Company now has charge of the lease
and in the fall of 1911 was remodeling the mill and installing a modern
gas engine. The shafts were being sunk to the lower run which was
encountered in drill holes at a depth of 165 feet. The holes showed
over 30 feet of good ere, both lead and zine. The upper run was worked
at 90 feet and the ore was rich and the concentrates of high grade.

The New State mine now operated by the Kansas Mining Company
has been one of the most consistent producers of the camp. A 100 ton

_ mill was erected in 1907 but was not in steady operation until the middle

of 1908, since which time the mine lias been almost a constant pro-
ducer. The ore is worked from two shafts one 112 feet deep and the
other 100 feet deep. The run averages about 100 feet wide and has’
a face of 12-14 feet. In this mine the ore ig rich, the complete returns
on can runs for three months ghowing a recovery of 1035 per
cent of consentrates, of which about one-fouth was lead. About ©
per cent of blende and galena are found in' the tailings from the mill
and these are treated in o tailing mill equipped with six reciprocating
tables. The zine concentrates contain from 47 fo 55 per cent of zing,
averaging 50-51 per cent, and 2 to 4 per cent of iron. Zinc concen-
trates from the tailing mill contain an average of about 45 per cent
of zinc and 3 to 6 per cent of iron. The lead concentrates assay 80-81
per cent of metallic lead. Considerable ore is still in sight on the up-
per run and more can be obtained by removing the pillars which have’
been left to support the roof. Although the lower ore is also known t3
be present on the lease its exact extent has not been shown. '
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,rossr{\g-e;elyt]the corners of the_ Edna Ray and Tom Lawson leases were
°¢ by the ore run and this was soon mined out. The mills which'
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Fig.
ig. 12, Underground workings of Turkey Fat Mine

¢ crected were soon removed. th " i
the Edna Ray mill to the Oléah(?miolr;zs?awson mill to Lincolaville

The Turkey Fat lease consi
: ists of 10 acres of land wi i
crossing the southern end diagonally. This ]e:s?a iswgl}:a t)hrflym:rllg
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which is operated directly by the Miami Royalty Company. The up-
r run of ore is found at 120 feet and averages about 16 feet thick
and %0 to 50 feet wide. The one deep hole which has been put down
(Nov. 1911) shows good ore from 202 to 225 feet. There is prob-
ably ore sufficient for a year’s run in the upper ore body. The mill has
a capacity of 100 tons of ore. In character the ore does not differ mater-
ially from that of the New State which has been described. The Tur-
key Fat has been second largest producer in the camp. . The under-
ground workings are shown in fig. 12. ‘ '

The Miami Amalgamated Company operates the Sullivan -lease, &
square of 10 acres immediately west of the south half of the Turkey
Fat lease. The upper ore run crosses the lease diagonally and is en-
countered at a depth of 110 to 125 feet. The ore carries about fwo and
one-third times as much blende as galena. The blende concentrates usu--
ally carry 215 per cent of iron. Deep holes have shown the lower
run under the east side of this lease, and a good body of ore was shown
from 200 to 250 feet. The cuttings assayed 30.69 per cent blende with
very little galena. A shaft was being sunk to this deeper ore in the fall
of 1911 when the writer visited this district.

One of the first mines opened in the camp was the 0ld Chief and
this mine made considerable production in 1908, 1909, and 1910. The
upper run was then exhausted and operations ceased. During 1911 the
ground was prospected by the Standifer Mining Company and sufli-
cient ore was found at a slightly lower level than the one which had been
worked, to justify a resumption of mining. ‘

The Emma Gordon lease, operated by the Standifer Mining Com-
pany, comprises 20 acres in a rectangle of two 10-acre squares, With the’
long dimension north and gouth. The ore run extends the full length
of the lease. The ore has a face of 20 to 25 feet. Tere the ore is very
rich but contains much pyrite which materially lowers the grade of the
zine concentrates. The ores are treated in a 400-ton mill of the sheet
ground type and the tailings from this mill in a tailing mill, equipped
with 8 tables and operated by the High Five Mining Company. From
February 5, 1910 to January 1, 1911 the average of the assays on the -
zine conmcentirates from the big mill was, zinc, 45.506 per cent.; irom,
8.62 per cent. The average price received for the zinc ore was $23.34 per
ton. Probably not over one-half of the upper run on this lease is
worked out and the lower run is also known to be present but its exact
limits have not been defined. The proportion of galena in the upper
run is high but the lower run is practically all sphalerite.

The Oilahoma Lead and Zinc Company and the Carson-Dodson
Company sublease from the Kmma Gordon Company. A 200-ton. mill
has been erected on the former lease and ore is hauled by tram to this
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mill from the Carson-Dodson shaft. *The depth to ore on the Oklahoma
lease is about 180 feet and on the Carson-Dodson about 215 feet. Devel-
opment of these leases has been greatly retarded by the strong head uf

water.  I'wo 6-inch centrifugal pumps were kept in almost constant

operation for 7 months before the water was lowered sulliciently to per-

mit the hoisting of ore from the Carson-Dodson shaft. “The first ore way

hoisted in the fall of 1911 and proved to be very rich, one days run pro-.
ducing over 50 per cent. of concentrates, a large proportion of which’

was galena. '[he Chapman-Lennon leases are also sublet by the Emma
Gordon Company. A ‘shaft has heen sunk { ore and a mill erected but
as in the other leases at the north end of the camp, the water is very
difficult to control and no ore has been produced. At present, (June,
'1912) a pump is being installed which is reported to be the largest so

LPrar or

~q
os?
OKMULGEE MINE ¢
Svrvey & Plaf by ?}
ZIUAR & SPEER \

211191, .
Flg. 13. Map of underground workings of the Okmulgee mine.

far installed in the Joplin district. It is hoped that this will handle the
water and lower the level so0 as to permit the development, not only of
this lease but of the other leases in this part of the camp.

Lying immediately west of the main run is a second run approxi-
mately parallel to it. The ore in.this run is of the same general nature
and occurs in the same conditions as that of the main run. The pro-
portion of galena to sphalerite is somewhat Jess and there is less pyrite in
the sphalerite concentrates. The Joplin-Miami, Queen Gity-Joplin,
Okmulgee, and Tittle Maxine leases have been the principal producers
from this run. The nature of the underground workings of the leases

on this run is <hown in the map of the underground workings of the
Okmulgee mine (fig. 13.) ' C

Emma Gordon

_)\/—’——,’_‘
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i i es o hich’are ‘parallel to the main
*@+i11 further west is a series of runs w I ks :
run E\Elwhlilzh are much shorter and na1'1('10wer. 'd’lh% IGOIdZI:) tIi;c[iee[;’ 3%1?;2
iami Y duced considerable qu
and Miami Yankee leases have pro ities of ore
he Golden Hen lease the depth to
from the largest of these runs. Ont . ase the depth to ore
i t. and the face of ore 14 feet. The run 18 :
i:idlt:lalo fgl?h:a adirt contains about 8 per cent of concentrates, aboutbten
times'as much sphalerite as galena. The zinc concentrates average a out

53 per cent zinc and 3 per cent iron.

The smaller runs to the southwest have not been successfully worked."

i i i kings on the
rrow and the dirt not very rich. The working
%lcl)?n(l);e (rélguéie?i Queen) and Consolidated leases are shown in figure

14. ' |
No systematic drilling in search of deeper ore bodies has been done

in the southwestern part of the camp.
PRODUCTION OF THE NORTHEASTERN FIELD.
The total production of the different camps in tons and its value
from 1907 to 191138 is given below.
Quapaw camp.
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*Small production from one mine included in Quapaw camp.

33, Statistics from Mineral Resources of the United ‘States, United .

States Geological Survey.
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Peoria camp.
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Filg. 14.
Underground workings of the Donna and Consolidated leases
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OTHER OCCURRENCES OF TLEAD AND ZINC IN NORTHEAST-
ERN OKLAHOMA.

The Sycamore Creek District.

The prospects -along the Seneca fault, which has been- described
under structure, are included in this district. These prospects were’
visited by Siebenthal in 1906 and as practically nothing has been ac-
complished since that time his description is given without further re-'
marks: : . , '
«South of Seneca the Seneca fault cuts diagonally across the divide®
between Lost and Sycamore creeks, striking the latter 114 miles west of
the Missouri-Oklahoma line. At this point considerable prospecting has
been done in and along the fault block, though without developing any
paying bodies of ore. The first prospecting, which ylelded some silicate,
was done by means of a drift under the south bluff of Sycamore Creek a
few feet above water level. Iere the fault block is about 180 feet in
width, and the throw is not sufficient to bring the sandstone of the
Chester down to the present level of the surface. The limestones of the
block, probably opened up more or less by the faulting, have heen sub-
jected to much solution, with the result that the space between the side
faults, as exposed in the bluff, consists of a great mass of chert blocks
lying topsy-turvy, the interstices being filled with tallow clay and residual
clay. In the ravine just south of the blufl, near the southeast edge of
the block, is a shaft from which drifts at the 75-foot and 104-foot levels
extend southwestward for about 100 feet each. Thin ore was encountered
in the lower drift, and better ore in the upper one. The ore consists
of galena, sphalerite, and silicate. The silicate was too heavy lo ve
separated from the sphalerite on hand jigs, and the ore could not be sold
at a profitable price. Another shaft, 250 feet southwest. of the deep’
shaft, encountered some large chunks of galena, which had to be broken
up befgorg Sthey,could be brought to the surface. Southwest of this point’
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the displacement by the fault is greater, and at a distance of 400 feet
sandstone and sandyeshale of Chester age are present to a depth of 65
feet, with some galena and sphalerite in crevices in the sandstone aud in
the secondary limestone cement of associated chert breccia.”

Ottawa Prospects,

Some prospecting has been done near Ottawa, in SE. 1 sec. 36, 'T.
28 W, R. 23 E. NE. % sec. I. T. 28 N., R. 23 I Galena and
sphalerite are reported to occur under the same general conditions as in
the Quapaw-Lincolnville district. No oxidized ores are found. One
shaft has been sunk to 60 feet but no large body of ore is in sight at
this horizon. Drill holes are said to show a disseminated ore carrying
2 to .3 per cent of concentrates, at g depth varying from 90 to 120
feet. The thickness of the ore is from 4 to 10 feet. o

McCuddy Land.

Some lead and zine has been obtained from pockets by shallow work-
ings on the McCuddy land in sec. 14, T. 28 N., R. 22 B.~ To the end of

1911 over 35,000 pounds of galena and 10,000 pounds of sphalerite had

been vold. .

PROSPECTS FOR THE EXTENSION OF THE NORTHEASTERN
FIELD.

All the commercial deposits of lead and zinc ore so far found in the

Joplin district are intimately associated with the effects of the under--

ground solution which took place between the deposition of the Missis-

sippian rocks and the overlying Pennsylvanian shales. As has been,

noted the principal deposits are found in a basal “breccia” around old
sink holes in the Boone which were filled- by the Pennsylvanian shales.
The efTects of the inter-Mississippian-Pennsylvanian underground solu-
tion are found only to the northeast of a line passing through Miami,
Wyandotte, and Tiff City, so that, in general, commercial deposits of ore
are not likely to be found south and west of that line, Nothing in the
geologic conditions of the area occupied by the outerop of the Boone

formation in Declaware, castern Mayes, and norlhern Adair and Chero-.

kee counties indicates the presence of lead or zine in paying quantities.

- The conditions at the Miami camp are different in some details from.

those in the other camps of the region. Iere the principal ores so far
worked occur in rocks of Chester age and the underground solution has
acted upon the limestones lying immediately above the Boone chert.

The writer regards it as possible that the conditions at Miami may"
be duplicated at other localities along the contact of the Pennsylvanian-
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and Mississippian rocks for some distance to the southwest of the pres-
ent productive region. The surface rocks give no indication of the lo-
cation of areas affected by underground solution and therefore pros-
pecting will be entirely a matter of chance and the changes for en-
countering narrow ore bodies like the one at Miami, even if they are
present, which is by no means certain, will be very small. The pros-
pects, then, for any great extension of the field are not at all favorable
but if there is any such extension it will almost certainly be along th
Missippian-Pennsylvanian contact to the southwest of Miami. '



CHAPTER III.

OTHER OCCURRENCES OF LEAD AND ZINC
IN OKLAHOMA.

THE ARBUCKLE MOUNTAIN REGION.
Location and Area.

~ The Arbuckle Mountains occupy an area 60 miles long and 10 to 30
miles wide in the south-central part of Oklahoma. The area includes
southern Murray, northern Carter, the greater portion of Johnston, south-
rc‘entral Pontotoc, and a small portion of south-western Coal c:)unties
].l?.!le mountains are divided into two unequal portions by the Washita

iver.

Structure and Stratigraphy.

~ The Mountains consist of cores of granite, porphyry an i
igneous rocks all probably of pre-Cambr%an age’, };urlr)ogn-}éed %yaﬁig:igti(}
paleozoic rocks dipping steeply away from the igneous cores. The simple
dome structure is much complicated by minor folding and by thrust
faulting which produces a typical Appalachian structure.

. ,
. The section as exposed shows the following general succession of
rocks :

Age.

Pennsylvanian .....cveieenees Franks conglomerate (North of
Mountalns)

Glenn formation (South of Moun-

tainsg)

.. Caney shale .....ccceeeee.

Miasslssippian (7 SYCAmMOre 1mestone ...

I".evonlnn (7 ... .. Woodford chert ...

§1luro-Devonlan ...... Hunton limestone ------------

Sllurian Sylvan shale ...........

Ordovician ..evveceveerieene Viola 1limestone ......

Simpson formatlo

Cambro-Ordovician ............... Arbuckle llmest;nr;

Cambrian .......... earseneniiens Reagan sandstone ...

Archean .. Tishomingo granite ...

Migsissippian ...

The formations from the Reagan to the Caney were apparently lai
d}own in a horizontal position over the granite, but in nIl)ipddle o)rr l]?tlt(e]z
Pennsylvanian time were elevated into a dome and eroded. The Franks
conglomerate and later Pennsylvanian rocks were deposited and still
lie almost horizontally on the upturned edges of the older rocks.
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pr to the present time the Arbucldle limestone ‘and in less measure
~he pre-Cambrian rocks have been the only formations in which metallic
minerals in notable quantities have been found and lead and zinc seem
t0 be confined to the Arbuckle limestone. In view of this fact and also
because the higher formations have no apparent connection with the
origin or deposition of the ores the discussion will be confined to the

Arbuckle limestone.

" The Arbuckle limestone is exposed in three large areas in the Ar-
buckle Mountains as follows: (1) the major portions of Tps. 1
N.,and 1 8., in Rs. 5 and 6 B., and smaller portions of the townships
surrounding these; (2) an area of about one and one-half square miles
in the southern part of Tps. 2 and+3 S, R. 5 E.; and (3) west nf
Washita River, a roughly triangular area consisting of the south part
of T.1S.,in Rs. 1 E,, and 1 W, and the northern parts of T. 2 8.,

. in the same Tanges and the central portion of T.2 S, R. & .

The description of the formation as given by Tafi3 is as follows:

“Beginning at the base there are thin-bedded siliceous limestones
50 feet thick. There is a gradual change upward from these thin beds
into the succeeding member, 300 to 400 feet thick, which consists chiefly
of heavy-bedded dull-bluish and cream-colored dolomites. Many of these
massive beds are indistinctly bedded and weather into very irregular
brown and sometimes nearly black bowlders.  Others are more crystal-
line, marble-like and of pinkish or gray colors. Succeeding these come
about 250 feet of thin-bedded granular limestone and compact blue
limestones which pass gradually into the main body of the formation,
consisting of 3500 to 4000 feet of massive, compact magnesian limestone,
the lower half of which contains chert in places. These limestones on

- weathering usually present smooth white surfaces of practically the same

color as the fresh rock. As the top of this thick member is approached

. the limestone beds become less magnesian and thinner and are succeeded

by the highest member, which is composed of limestone interstratified
with occasional sandy beds and strata of red, yellow, and green clays.”

The age of the Arbuckle limestone has hitherto been expressed by
the term Cambro-Ordovician. In his new classification, Ulrich® places
the upper half of the formation as certainly the age of his Canadian sys-
tem, while thé basal 700 feet 18 regarded as late upper Cambrian. Above
_this portion comes 400 feet of pink and white marble interbedded with

_massive cream-colored, black-weathering dolomite that is probably Ozark-

{an if that system is represented in the section.  Succeeding this is a
thickness of 2000 feet of massive, interbedded pure and magnesian lime-

34. Tishomingo folio (No. 98), Geol. Atlas U. 8., U. S. Geol. Survey, 1903,

p. 3.
35. Bull. G. S. A, vol. 22, p. 641.
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stone in which no fossils h
similar to the succeeding 2
are therefore regarded as

ave veen found but which are lithologically
300 feet which contain Canadian fossils and
probably Canadian but possibly as Ozarkian.

The Davis Zine Field.

While a great deal of the area underlaid by the Arbuckle limestone
west and south of the Washita River has been prospected for minerats,

the only area which has been developed to any extent or which gives

any immediate prospect of such development is that known as the Davis
zine field.

Geologic conditions. The portion of the Arbuckle Mountains west
of the Washita River is composed of a porphyritic granite core which
forms two hills known as the East and West Timbered Hills, with the
Reagan sandstone, the Arbuckle limestone and the younger forma-
tions dipping steeply away from these granite outcrops. Along the

cast side of Kast Timbered Iills the Reagan is faulted out and the Ar-
buckle is in contact with the granite.

The productive horizon is the member of the Arbuckle limestone
which is composed of marbles and dolomites and which js regarded by
Ulrich as probably representin
crop of this member is called the “mineral belt” and is all claimed to
CATTY various minerals in considerable quantities by some of the pros-
pectors of the district but go far only a small area in secs. 17, 18, and
L in T. 1 8, R. 1 B has been proven to bear any metallic minerals in

commercial quantities and sphalerite and smithsonite are the only valu-
able minerals 8o found.

The dolomites an( limestones in this are

erally at from 40° to 50° hut this general dip is considerably complicated
by minor folding and by faulting. Several minor faults eross the out-
crop at about right angles to the strike. The displacement of these faults
varies from a few feet to 20 rods and in all observed cases the block
on the northwest side of the fault is displaced to the cast.- All the
rocks are very much broken by jointing but this is especially true of the
dolomite. A sharp blow of the hammer breaks 3 large block into small
angular fragmenis very few of which are over one inch in any dimen-
sion. The concentration of the zine in the dolomite ig probably due
to this broken condition, the small seams forming channels for the passage

of circulating waters carrying zinc in solution and al (je same time af-
fording small cavities for the deposition of the ore.

a dip to the northeast gen-

Nature of the ores and associated minerals.
zine ore occurs as the carbonate from the surface t
feet. Below this level

erite or zine blende.

In this region the

0 a depth of 5 to 8
the zinc is in the form of the sulphide, sphal-

The carbonate contains large ‘proportions of dolo-

g his Ozarkian system. "The whole out-
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ite. The blende is usually finely disseminated buﬁ in soarglst:,3 Scitis;;fe:;.z

to have in irregular m
d the country rock in 1rreg

to havedlzrgfll,}; r(165110ar(leeite layers so.that the blende malkes ug tllllgol_z,;%zr
o fo ome of the strata. The largest mines that have eed l\z}[)illing’
e Hope Ss ber, the Ben Frankin mine of the United .M'me and Miilins
o Ond the Goose Nest mine of the Arbuckle Mining anf g
Companx, ahow two layers of the blende bearing rock each 3 to 4 fee e
C‘Ompang,ﬁ layer of “dead rock,” 5 to 6 feet thick, Caniym%nite()i,
ﬁmrizms yofz'jl bleynde A well -drilled on the ]l)ropertdl Of'i(::hleore ted

o ( i i e shown the

ini illing Company is said to have s 2
Vg[emt]}:l%fagg flz{eacusiflg to hag.'e g’ncountered a smpla,r body 15-ZQ feet thick
atp125 feet below the surface.

jon r d assays on material
' tors of the region report very goo

f rhreac};;:a?ﬁ;c all the prospect holes, although t.he_appearmt]ce Xi :11;(?
;Zﬁ;r}zﬂ does not indicate that much metfﬂhc mixt_e11'1al 12 gr:sego. o o

' [ amples of carbonate showing as high as
i?zcogr? 1éfoqr101$11S<)r1r1nllyp reported and approximately a\trerage sanﬁ)i; :ferlelégg
ted as showing 58 to 60 per cent zinc. , the
ﬁli'ghgf azzg(})rrreported on a carload of blende ore is 38.5 per cent zinc

Some of the samples collected by this Survey show k’:{le_kfsolilnow‘;?ﬁ

lts: Four samples consisting of chips from gurface oct. n 4t
I%isrltlant .parts of the field show respectlt\}r]e]y, t;ace; 1.1}17f§:;1 (:;11;11’0% . r}; r

; les of carbonate from near the surface a . g
Cen{f ’ isliné?f;:r:nt localities show respectively.55 per centi 45 }%er (]:21; ;
p’ﬁ;: ;er cent, and 5.4 per cent. A sample com}c)lo;ed of.ltlz_npss}(io ; o 56
: , i ile of blende ore selected for milling .
numberto.f bl(;zl:plllé EcLJI'fIJ]I}IGer(l)cle from one of the deeper prospects s(limws
588 per . ?1’5' a sample from all parts of one of the most w1dely1a ve'lﬁ
E .8?1 prre1li'ncees shows 8.08 per cent. The concentrate from 1the on yt 111.1;n
;is'ﬁch has been installed E}hoWs 35.9(5 gie;gcfx?:éhir?e};; I;l:é?e\:f; :dojusted

h to get the tables and grindir .

L%n%hgoshgelsliosing of the concentrate is probably not so gooq as can
be obtained.

i ntities with the zine. An inter-
tals occur in small quan .
t'not}]eearturrrlae iz sa narrow belt of iron ore (h-em'atxte)d ?eld?tr‘r; o;f:m%r;i
e3(11 ﬁx width, which lies near the middle of the : 0 01t1i1te oo
Ia)xroughout the length of the 011ttc11-911).1 lz?xgezlsm()fsul:f?& of an patt
i ite, are strewn thickly alc _ _

aslsfr:gdoft?ch{:rl:?(;nr']e as much as 10 feet 18 ?1a;n§tere.atli[rilgnls{l rafaf:ewlgafs}?:
» i extend as much as 10 feet beneal he
fiocelfe:z]i);:gilgno?f the zinc ore so far seems to be In c1‘03e proximity to

this iron-bearing horizon. ‘

. . ! . N ’ 1t
The cause of this segregation of_ the. iron ore n(;to io-iagﬁxiafsslt
is problematic but it is entirely possible that it is due to
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parallel to the strike of the rocks Slv

' : g . 1ich a fault would 1 i

g‘c,)isg::lr))]:e toftx:;xce in the dolc:mlte unless the belt of oreuits,el);?3 bﬂ?&ignug;

o form:t.ioln,so;x;?tence. . J.f"helloca]izntion ‘of the ore took place before
¢ . he small faults pe i i i

mentioned since the iron. ore beltsispoﬁzzr;dt:;ugl?:;o the strike previously

Pyrite is practically absent from the zine blende in the body of ore

near the surface. The cutti
well previously mentioned s}igéssfjrrﬁian e e e e
quantity.

L . .

ind asef;]c}eogglxgs 1nt smalll quantity very near the surface as the sulphide

el os the onrd nate or su]phz}te. It is absent from the deeper ore and

i pcen stexjved in sufficient quantity to make its separation profit-

able az.m}t)f ]ms alms are often present and some pieces of ma]rz)lchite

o rite, ve been dlscov‘ered in different parts of the field. So £
ge body of copper ore is known to have been found althou there

are rumors to the cffect that sucl . !
ite, cadmium sulphide, uch bodies exist.

ugh there
Yellow stai '

ins of greenock-
are common on the rock and ore near the surface

Present development. The d i
: velopment. evelopment in the Davis i
ent consists principally of shallow prospect holes, gf vévl}:]ii}fﬁirit zﬁ’lc.aeda-

great number scattered over the hi i i i
B oy seattered. o %ﬂl; hills, espemall—y in the region east of the

In two localities ste v -

. ps toward further development 1

%llt?lrlniziméily east hoi’ West Timbered Hill thep I;ﬁitelgvei\ﬁiiigtaiind

: mpany has erccted a 4-table mill at their Ben F in mi

11:({)111]' tlhet center of sec. 21 T._1, S, R 1% The ma‘i:%iner:y?gulrfnéﬁe

% nd to erect a 4-table mill on the Arbuckle Mining and Milli .

l/orgé)anizss }Zlfoperty in the SW. 14, sec. 17, T.1S,,R. 1 E. In thelll‘l}%g |

a: inziine(i - fl S., R. 1 E. the Rumley or “Incline” mine consists of

an I ths aft or tunnel. The track in the tunnel dips at about 20°

bo ! e souf cast, while the rocks dip at 30° to 35° to the.north. In the
mer of 1911 the tunnel had reached a length of about 150' feet z:

sample selected fr
va1u2, cted from the dump was analyzed but showed no metallic

Some prospecting has been done two mi
. : 4 o miles east of Bast Ti
gldl; OfQ:fe irzil“fe];g]ih'l(io fteet 51ee;i is reported to have er?couriizl):;ei
- thick at a depth of 67 feet, which sl 3
ip;ex;l 1(;f)nt_:eof spl;}aler'llff, and another body 27 feet thick atsllzz)vsfelez ﬁniﬁ
very rich. he writer has not seen any cutti i
and the authorities for the analyses are not kn()),m:1 t(:n}%infmm fhis hole

One great hinderance to the d

evelopment of the filed is ti
alcleqltlaée water supply for milling operations. The best IIS)rO;ee]catzka(:‘fa |
situated on the divide between Colbert and Honey creeks, and trile small

pyrite but it is apparently in small
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branches flowing into these streams do not carry any waler auring the
greater part of the year. The mill at the United Mining and Milling
Compsny’s mine was idle almost all of 1911 on account of lack of water.

Prospects for future development. Although there is undoubtedly -
considerable ore present in the feld there are several factors which com-.
bine to make the value of the field somewhat problematical and to render
any prophecy along this line a matter of guess work. Some of those fac-
tors are as follows: :

i. The question as to the extent of the ore. While the pros-
pectors admit that the richest ore is mear the outerop of iron ore which
has been described, they claim that good values are present practically to
the edges of the dolomite outcrop. The samples so far collected from
prospect pits near the edges of the dolomite and analyzed in the Survey,
Jaboratories do mot bear out this claim put the number of samples col-
Jected is too small to warrant a definite conclusion.

9. The depth to which ore occurs. The first body of ore does not
exceed a depth of 40 feet over most of the area which has been the most
thoroughly investigated. The only investigation at a greater depth than
50 feet is the well which has been mentioned. Some ore was found at
about 125 feet, but neither the exact thickness nor the percentage of zine
was accurately determined. Thorough prospecting by drilling is the
only methods of settling this question and until.this is done, any state-
ment as to the probable value of the field must be founded on meré

supposition.

8. The absence of pyrite is favorable to the production.of concen-
trates very low in iron, but on the other hand the extreme fineness of
grain of much of the ore will render complete separation very difficult
and the concentrates will probably run high in lime.

4. The question of adequate water supply is unsolved.: The por-
tion of the region which is being developed lies mear the headwaters
of a small creek and there is not gufficient water through most of the
year to supply the one concentrating mill already installed. The lime-
stone and dolomite are too badly fractured to form a reservoir for any
water which might be impounded during the wet season. The problem
may be solved by the deep wells which are proposed, but-the high dip
of the rocks, the small catchment areas, and the presence of numerous
sinkholes renders it improbable that an adequate supply will be encount-
ered at a reasonable depth. A possible solution is to pipe water from
Honey Creek near Turner’s Talls. The distance is about 4 miles from .
the mines in section 18, and the mines are approximately 250 feet above
the creek. Water for the northern portion of the field can. probably be’
secured from Colbert ‘Creek, about 2 miles below the stream from the

mines;
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6. The ore or concentrate must be hauled to Davis, -3 distance of
7 miles over roads which at present are very bad.” This of course is
not prohibitive, but should be borne in mind in trying to arrive at any
estimate as to the value of the field.

WICHITA MOUNTAIN REGION.

The Wichita Mountain group lies to the northwest of the Arbuckles
and cxtends from Lawton on the southeast to Granite on the north-
west a distance of 65 miles. The mountains are 30 miles wide at the
middle and narrow rapidly toward both ends. They are divided into

groups known as the Wichita, Quana, Raggedy, and Devils Canyon
mountains.’

The Wichita Mountains include the largest area and are composed
principally of a medium to coarse-grained pink to red granite. The
Quana Mountains are principally of porphyritic granite; the Raggedy
Mountains are isolated peaks of anorthosite. black and gray granite, gab-
bro and diorite; and the Devilg Canyon Mountains to the west consist
of peaks of medium to coarse grained red and pink granite,

The general structure of the group is apparently the same as that
of the Arbuckle Mountains, but the Redheds more nearly covered the
Wichitas than they did the Arbuckles and the great series of paleozoic
sedimentaries which surround the Arbuckles are buried under the Red-
beds, except for an outerop of the Reagan sandstone and g range of
hills of Arbuckle limestone along the north side of the mountains, and
three knobs of Viola limestone near Rainy Mountain Mission.

No metallic minerals have been reported from the Arbuckle lime-
stone of the Wichita Mountain region but a great deal of time and money
have been spent in prospecting the various areas of igneous rocks.

All of the granites are cut by dikes of varying composition, but
principally of a basic nature. The dike rocks are usually fine-grained
and green to black in color. In general the contacts of the dikes with
the granite or gabbro couniry rocks are very sharp and show very lit-
tle or no mineralization. The igneous rocks are manifeslly much older
than the oldest sedimentary rocks of the region which are Middle Cam-
brian (Upper Cambrian of Ulrich). They are therefore almost certainly
pre-Cambrian and from the nature and relation of the rocks are more
probably ~Archeozoic than Proterozoic (Algonkian). The couarse-
grained character of the granites and gabbros indicates that they were
formed at considerable depths below the surface. It secms, therefore,
that the granites now at the surface were intruded into pre-existing
surface rocks and were later cut by the dikes, and that all the activity
look place Tong before the beginning of the Cambrian. The rocks into
which the granites were intruded and which must have formed g great
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i ) 'ace, ' - during the long
thickness above the present surface, were then eroded d g
intgrval before the deposition of the Reagan sandstone in middle Cam-
brian times. If there was any mineralization by hot solutions from the

‘granites or dikes, it must have taken place in the rocks nearer the sur-

face, which were eroded before the deposition of the Reagan. -

The geologic conditions, therefore, are not such as to ]'ead.'to the
expectation of finding notable deposits of metallic minerals in the igneous
rocks of these mountains and so far the developments have been in

"line with the indications of the geologic conditions. Thousands of dol-

lars have been spent in prospecting in this region and so far there hag
been no return. Hundreds of prospect holes may be found in the moun-
tains, most of them along the dikes but some of them in the ordm_ary
granite or gabbro country rock where there is no indication whatever of

metallic minerals.

specting was exiremely active after the opening of the country
to wﬁirt?a 2ett1e§s and great excitement resulted in 1902. In October,
1903 the region was visited by H. Foster Bain of the United States
Geological Survey who visited many prospects and collected samples from'
the prospects, 71 of which were assayed in the laboratory of the Survfey'
at Washington. Of these 71 were assayed for gold, 10 for gilver, 2 0(11 ,
copper, and one for lead. No trace of gold was found, two samples showe
0.14 and 0.92 ounce per ton of silver, respectively; the two samples zﬁ-
sayed for copper gave 0.35 and 10.81 per cent respectively, anéiotsi
sample assayed for lead gave 3.36 per cent. The sample show;ng 0.8
per cent copper was picked material from a vein about one and one-half

inches wide,

i ioh ¢ i - cent lead was
The claim from which the sample showing 3.36 per cent le:
collected is located in sec. 16, T. 3 N., R. 14 W. It is described as fol-

lows by Bain®:

“"CLARK AND BENNET MINE.

“This i known as the Galena mine. It is located a short dis-
tance icl)l;fhlxse:}:sgf the Gem and Diamond mines, and a'sl.]ows a grc&gﬁsttl)]ne
dike about 214 feet thick cutting through the r‘ed granite.. This dl e1 asj
been faulted and considerably broken up. There has beenAa evelop
ment of white quartz in the interstices of the hro}{‘en rock. C(]:{ompfany-
ing the quartz is galena and some chalcopyrite. The sample ta_eln l1'§>mh
here (W-48) was from the dump and represented the best material whic
could be fonnd. It showed on assay, as noted below, no gold, 0.92 ounc;e
of silver, and 3.63 per cent of lead. The silver value is unimportant.
The leadis not enough to give the ma.tenal rank as an ore. In its pres-
ent form and in order to make mining pay, 1t-w0u1d bQ necessary to

. 3. U. S. G. S, Prof. Paper. No. 31
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ancginiogcéerlltr:(lltingfhma(cihmcry and produce an ore carrying a larger

: ead. The development work so f i

show enough lead to warrant thi e the marishéq does not
ug ad 8, and while the matter i

sonal opinion, it is not beli t [ ot ok el

A mion, b s nof ieved that further development work would

The conclusions which in i
eral possibilities are as follo:vv:fe reached by Bain in regard to the min:

“In view of the precautions taken in collecting t
' ! he sam -

g;eaétl :Ifllr(; \ziil:: ewg%ch tlhey were assayed, the absol%ltely unitpolffr,l zl‘tl)gelglclg
ity 2t gold and only the occasional presence of a small
el e er, c?pper, or lead allows put one conclusion to be drawn
fame o% hat one of the prospects examined shows any ore in the pro eli
fonso of the | errr}l‘,h :o;oc'slsiesl :ng; :net_of them have any present or proba}gly
have already been discussed in d?t)ai?.ns % the case of copper and Jead

{3
o hagl:;tl};ircig:ﬁe i]grfssgiiin% mta); (;'eve?l other occurrences which
a annot, , be stated. Tt ig beli
! tle] Earsotspgcts egammed were fully representative and f;ig’ i}rllozle;;r’ W
» been developed enough to.allow a proper judgm’ent as tg, ;:}i:?:

value to be made, and in n
ovor for be made, prospectci)nczse do they offer any encouragement what-

“In the granite mountains

r a ] néar Lugert there i

I\)\i%&miites showmg crystals of quartz 3 inches orarx(rzxoigrtialinlcoa]t'?le

ith & 16(31 (1]’)uartz crystals are some small, black, semi vitreous yota

gmuf,; lzeIt iz }ﬂoct?rtﬁlltllibrand ag belonging to the columbite tac;{f&?tl:
. ed tha i igati )

gloup. Ibis mi)e | that urther investigations may show the presence

While the results of the investigations were disappointing i
?: (t)l;gyoimolte}d to show the presence of the expected or}alboolgitelzlslgtﬁ :: if:;
o one of f(\)erbvg}g?ble resources, The granite, which is s0 abundgz;nt
ie sutebl 1.mrr uilding purposes, and is at many points excellently git-
uated | mg :l-ryng. ~The Ilmestopgs are available for the manufacture
of Jime ‘if f1; 1]e 0 1snptnble compogition for the manufacture of Portland
coment I ]_I(]a tz;mt industrial conditions ever change so as to warrant
oo ment i, H:a 11mdus‘try. The small asphalt springs found near
doncoits of ol (zl fort Sill Reservation are possibly indicative of larger
e zs,vrlmlg;(s),odan‘s tthe excellent soil of the prairies and vg:;l-
and thriving pomiatims ater resources, afford the basis for a large

e c%ngi)lrlls_lderat‘)le amount of work has been done since that time but
fhe conch sions reached have been borne out so far. No shipments of
e ﬁown to have been made which have repaid expenslzs \;elc')y

little development or prospecting is going o
portion of the moun
some attempt at development is being made.

petition, these prospects were visited by D.

Oklahoma Geological
the petitioners. This report is given in full:

.sist largely of a pink granite.

“and texture from place to place.
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n'at present in the greater
tains but in a few of the more promising prospects

LAWTON AREA.

a few miles northwest of Lawfon. Un
W. Ohern, Director of the

Survey in March, 1912, and a report was made to

.One of these localities is

“The region ‘is underlain by complex series of
ks that were once in a molten state. These con-
This granite is widely exposed not only
d but throughout the Wichita Mountains
the southeast to Granite on the morth-
d and compact and

General geology.
igneous rocks, that is, roc

in the immediate region examine
in general from near Lawton on
west, & distance of 50 miles. The rock is always har
is therefore very difficult to work in.

Intruded into the pink granite are numerous masses of dark rock-

(usually called trap) which varies considerably in mineral composition-
But the variations are not important.

The bodies of this rock are also extremely variable-in size. Some are '
.only an inch or two, or even less, in width while others are several
hundred yards wide or even more.. L
common in the entire region especially
in the granite. These are very small, few exceeding 2 half inch or an
inch in width. The granite hills are in many places stripped clear of all
soil and rock debris, and such places offer excellent opportunity for ob--
serving the stringers. They are observed to Tun for short distances and
then thin out, others often appearing and then likewise disappearing.

tions lead me to the firm belief that faults are com-
¢ in the rocks, along which movement

Quartz stringers are very

The best observa
fmon. IFaults are fractures or break

of rocks has taken place.

There are several zones along whic
rotted so to speak, to a considerable
.streams run along the zome made weak
Without doubt these faults play an important part in

ores.

h the rock is badly weathered, or
depth. In other places small
by the breaking of the rocks.
the origin of the

zamined. Very much to my ‘regret, it was impossible
11 the various prospect shafts. This was owing in part
and also to the fear of encountering gas. Only

ted is being worked and in this only was I able
full as is desirable on

Prospects e
for me to enter a
to the presence of Water
one of the prospects visi
to go to any depth. . So that this report is not as

my part.
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The Starley Mine. This prospect + ¢
and numerous samples taken frpom Iivhicl:a:sf:
at present is down about 70 feet deep. Ail(
]mnd,_ and is an extremely slow process, the on
the pink granite which is very hard. ’

amined pretty thoroughly
ys were made. The shaft
drilling is being done by
ly rock encountered being

The foot wall is here rather
' ' g sharply defined, being evi
(l:])] ?hgail-‘:)]g;c wS(])]mPi) Tl.nterahzation has taken place ingt?;d:;gl};:rf;rggﬁ
n th 't wall, but it is too slight to be considered i
X];]llel th?; pltnk g‘ramte lla:s been mineralized in some r;la'cgntoﬂ;ec};angdmg
xtent. The massive granite is impregnated chiefly with ;:Ileg:
.

t] 3 . 3 . . H
lis being the only mineral visible fo the naked eye with the exception
Several samples taken at various

of small amounts of iron sulphi
g ) phide.
depths gave the following assays, lead being the only metal determined

except in No. 7!

No. 1, 5 f{t from surface pead.
No. 2, 12 ft. from surface...... .. .. aa
No. 3, 22 ft. from surface A
No. 4, 34 ft. from surfacem ... e
No 5. 44 1t from e ;.....:1.87%
No. 6, 65 ft. from surface }gg’??

. o

No. 7, V0 ft. from surface
silver tr.; copper none; zine trace.

............. o B.86 % 3 gold .85

These assays show a dow i
\ nward enrichment of ich i
a good omen. The last assa Ction bt ooy ot 1t
: y seems to be an excepti i
lr)r;yti]l_lélgr;]:ntthé]etract frolm dthe other values. If Fhéoilqsbtuf)fdgﬁz Ezza;n
k average, lead is the only thing t o | 7 \
n | : , ' y thing to be tal
ut when other things are considered the assgys give rlln(letnliltIth: ;Egg:irslt.
: e.

As already noted the shaft i i
_ ' t is being sunk in tl i !
é)(::;see )c]znnecgod with mining this implg;:gnated 1‘ocllf igsravI;'t?.h'rl}he T
places the feldspar of the granite is almost entirely Iaclbcing}gs:)' thIaI;

the mass of the rock i .
difienlt k is made of quartz. This makes the work even more

An all important factor 1 in si
o imports 1ere, as i
in sight. This cannot be detem,linellnx?rlimllar ;
’p‘rcsent.' the ore body is exposed for
There is no way of ascertaining furt

. ;11sgs, is] the amount of ore
1 anything like precision. At
about 6 or 7 feet from ti .

e f
her measurements. oot wall

Should extensive work be undent
xtensi . dertaken water will soon b i
g:;flar]lf E:at't?l" There is very little near at hand x;i:]d 2232%?}] not
g r jigging if the process should be instituted y mot

Shou]d the ore be hauled tO allway lt Wll ])e Iaf.he] expe]lslve as 18
T ].
eUldCIlCCd by the COIldlthIl Of “le IOad mn the ﬁlSt 3 Of the 8 ml]e to
8
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sﬁpping point. H‘auling under these conditions will cost at least $2.00

a tomn.

If operations should be undertaken by machinery, the source of power
is important. There is some wood near at hand but it would be unsatis-
factory as a fuel as experience in other similar regions has shown. Coal
would have to be hauled 8 miles by wagon. "No water power is to be had .
in the immediate vicinity. Probably the most satisfactory source of
power would be had by installing a dam at some of the sites in Medicine

“or Cache creeks and converting the power into electricity, transporting

the same by wires to the scene of mine operations.

When all these factors are considered it appears that the outlook for
this prospect is mot bright unless the ore body is much larger than
present conditions indicate and unless there is a marked downward
‘enrichment of the ores.

A few hundred yards north of the prospect just discussed lies another
opening of but a few feet in depth. The site was evidently suggested by

" the presence of a fault which has caused a zone of rock 2 to 3 feet wide

to become deeply weathered. The country rock here has been mineral-
ized to a very small extent, a few very small masses of galena being vis-
ible. TFrom what can be seen there is nothing to give warrant for further
prospecting. No vein or lead is visible which would give promise.

Coal Lode. About one and one half miles west of Dr. Starley’s
prospect lies the Coal Tode prospect. At the time of my two-visits this
prospect was partly filled with water and hence I was unable to gather
information upon which to base an opinion, of very much value. The
ahaft has been sunk to a depth of 70 feet or more. On the dump is con-
siderable material containing lead ore of some promise. - Assay from
such material however would be of mo avail amounting to mothing bet-
ter than a guess. It was impossible to ascertain exactly what is the
nature and size of the ore body; but from the material on the dump I
am disposed to think the prospect is very much like that of Dr. Starley,
that is, that the country rock has been- mineralized along a fault. I

can give no opinion of the value of this property.

Copper Eagle Prospect. This prospect lies about five miles west of
the Starley prospect.. It is sunk to a depth of 70 feet in the hard fresh
pink granite, no trap being directly associated. I examined carefully
the walls of the shaft to some depth, being unable to go to the bottom
on account of water and gas. The material on the dump showed some
stainings of the green hydrous carbonate of copper (malachite) but no
other cvidence of ore was seen. 1t is difficult to understand why this
was subk here, there being, so far as I can see, absolutely nothing to
give promise of encountering anything of value. There are no veins or
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leads to be seen in the shaft that are not common to the region in gen-
eral. I see no wisdom in pursuing this project further.

The American Girl. This prospect lies between the Coal Lode and
the Copper Eagle. Here also water and gas prevented entrance into
the shaft. 1 sm informed that the chaft has been sunlk to a depth of 170
feet. 'I'he material in the dump contains considerable jack (sphalerite)
and it is not impossible that it may be and is found in paying quantities.

Of the prospects examined only the Starley, Coal Lode and Ameri-
can Girl show promise. In the first, unless the body of ore proves very
large soon and unless the ore grows much richer downward, further work
would be unwise on account, ehiefly, of the very high cost of working in
_the country rock. As above stated, nothing definite could be learned

concerning the ‘Coal Lode and American Girl.”

: Tn regard to the Wichita Mountain region as a whole it may be
snid that there is little or nothing to indicate that it will ever be a pro-
ducing ‘region of lead, zinc, or other metals. A ‘few small areas show
gome prospects of development but even in these cases the appearances
are not altogether favorable and their future value is problematic.

THE OUACHITA. MOUNTAIN REGION.

Many reports have been current as to the occurrence of lead in the
Ouachita Mountains of southeastern Oklahoma. . Most of these are based
on stories .of the Indians having obtained lead for bullets from some
place in the region. Qo far nothing definite is known as to the locali-
ties in which it is supposed to occur and no samples from the region
have been seen. The mountains consist of a great thickness of sand-
stones, shales, and cherts, ranging in age from Ordovician to Pennsyl-
vanian. The only metallic mineral known to occur is manganese which
occurs in small lumps and nodules in the Arkansas novaculite (upper
part of Talihina chert) of Ordovician age. So far no bodies of sufficient
size to serve as an ore of manganese have been found. 'The formations
exposed in this region have been pretty thoroughly prospecied in Ar-
kansas and no metallic deposits of value have been found. This is, of
course, not to be laken as proof that there are no such deposits in the
rocks of Oklahoma, but it renders their occurrence improbable, since,
co far as can be seen, the conditions are altogether similar in the two

states.
MINOR OCCURRENCES.

Samples of a sandstone with disseminated crystals of galena have
peen sent to the Survey office from Ada and the same material has been
on exhibil in the Mineral Building at the State Fair. From the ap-
pearance of the material it should be easily worked and probably contains
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T}'}[ﬁ(*l(-l]t. read to make it profitable, if it
”| msr;' So ffn' as is known, lmwcv,er the
wough detailed work in the lnmlit,y m

should oceur in sufficient quan-
amount available is samall, al-
ay reveal commercial deposite

Lead or zine or both |
localitios i .0 1 have been reported from
have l)]g:n“:e:ltlet Cﬂitem part of the State and severaill g;‘:at _mlany other
the lninerq‘]' : 0”130 Survey. office for identification In}; rrlc,l _Samplcs
the To )Iin' , usually galena, is of the type and aPPe.am very instance
the inlllabitr]nenh:;onfnndtcan usually be {raced to that 1olcl§ﬁt;f s oo
i ol eastern Oklalo o . Many of
have br klahomu have visited .
antil thl:il:-gtlz-t, Sa‘?}l).]es_ back with them. ‘Ihese slt)]gsirggghnl'ﬁe]d and
‘who do not kn:\‘?]t;fs’(:inr :)slifoi]-gott(z;], or are lost and then foHrsld 11;ay ‘1’;1‘;(;‘1;&(1
{ ore in the ir origin, and are regard o les
:(l)l)l((:nge;)l:)sti];: ;Fllme((illatc vicinity. While it iesdrlll(?t'nilellggst;?b% lttll‘ge bodies
helieved {hat thee]u z;pc_l- zine may be found in other localitiz -L&t W_'n-k.
eastern corner of (Zﬁz ‘é‘t"’st Pl'i;uous]y discussed, viz:, the ext:é']neh:a[utllly
wessibly T c ate, the Arbuckl [ 10 EALeNe Dertl-.
pessibly the Ouachita Mountains, are th: 22;1), \Xézlslltiz gg;;?tu{lgs aud .
ch there is

a €éasona b]e ex pectﬂ 10N Of ﬁl]dl]l el theI e d 0 zime in onnier al
t
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