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THE BROWN IRON ORES OF EASTERN TEXAS

By Epwin B. EckeL

ABSTRACT

The brown iron ore deposits of eastern Texas occupy part of the Coastal Plain
province in the eastern and northeastern parts of the State.. Though some
ferruginous material exists in at least 22 counties, deposits that could be profitably
worked under reasonably predictable economic conditions are restricted to a
comparatively small area in Cass, Cherokee, Marion, and Morris Counties. In
addition, Anderson, Henderson, Upshur, Nacogdoches, and Smith Counties might
produce some ore if sufficient demand should arise. None of the deposits are
* more than a few miles from existing railroads, and a network of good highways

and secondary roads traverses the area.

The field work on which this report is based was made possible by an allotment
from Public Works Administration funds and continued from April through
November 1934.

The existence of rich deposits of iron ore has been known almost from the time
of the first settlement of eastern Texas, and several small furnaces were erected to
utilize the ores during the fifties of the last century. Since 1855 somewhat less

“than 700,000 long tons of iron ore has been produced, largely for use in local fur-
naces, and much capital has been expended in the acquisition of ore lands and the
production of iron. All the local furnaces have been abandoned for some years,
and most of the ore reserves are now in the hands of a few large companies.

The iron ores occur near the tops of the flat-topped, sand-covered hills that form
a prominent feature of the landscape in a large part of eastern Texas. Nearly
all the rocks exposed at the surface in this part of the State were laid down during
the Eocene epoch of Tertiary time. Iron ore of commercial grade is confined
almost entirely to the Weches greensand member of the Mount Selman formation,
which is the lowest formation of the Claiborne group. The Weches greensand is
a mixture of a granular iron silicate mineral of the glauconite group with varying
proportions of quartz sand and clay. Two facies are recognized here. Plant
remains are the only fossils contained in the facies of the North Basin. It is
typically composed of intermixed oolitic glauconitic sand, quartz sand, and clay,
cross-bedded in part. Its thickness ranges from a few inches to more than 100
feet but averages only about 25 feet. The facies of the South Basin contains
abundant marine fossils and much glauconitic clay, but little or no quartz sand.
It averages 40 to 50 feet in thickness, contains no plant remains, and is not cross-
bedded. It was apparently deposited in deeper waters than the facies of the
North Basin.

All the iron ores occur within the eastern Texas geosyncline, a troughlike struc-
tural feature that lies on the northern and western border of the Sabine uplift.
On structural and stratigraphic grounds this geosyncline is divided into the North
Basin and South Basin. The dividing zone extends from the extreme northern

part of Gregg County northwestward through Upshur County.
1



2 BROWN IRON ORES OF EASTERN TEXAS

The most abundant type of ore is limonite, or brown ore. In the North Basin
the ore occurs chiefly in nodular forms or as thin lenticular bodies that are dis-
tributed irregularly through the weathered zone in the upper part of the Weches
greensand. The ore-bearing material ranges from 5 to 30 feet in thickness, and
the ratio of waste to ore is rarely more than 5 to 1. The best ores occur near the
outcrop of the Weches greensand, and few of them extend beneath heavy cover.

In the South Basin the ore occurs as one solid bed of brown laminated and “buff
crumbly’’ ore, which is almost continuous along the outcrop and ranges from a
few inches to 3 or 4 feet in thickness. The ore bed lies on a layer of white clay
that grades downward into partly weathered greensand. The parting between
the ore and the white clay is notably irregular. -Aslittle or no ore has been formed
where the Weches is covered by more than 10 feet of sand, the ore bed does not
generally extend more than 500 feet from the outcrop.

Iron carbonate, or siderite, is somewhat plentiful in the ore beds, especially in
the North Basin. It occurs as white or gray dense nodules or thin beds, at or
near the ground-water level.

Chemical considerations, based on analyses of the greensand, siderite, brown
ore, and spring waters, and the observed relation of the ore deposits to the present
water table and the topography indicate that the ores of the North Basin have

been derived from the greensand by ordinary weathering processes. It is believed
that ground waters leach iron from the greensand and deposit it as iron carbonate.
This is later altered to limonite or brown ore.

The ores of the South Basin are formed by the same processes, but it is believed
that the more impervious nature of the greensand and the higher water table in
this area have caused the iron-bearing solutions to rise by capillary force to the
top of the Weches greensand, where they deposit iron ore.

Study of curves based on a great number of analyses of the North Basin brown
ores shows that, although there is a wide range in composition, a large proportion
of the samples fall within the limits indicated below:

Percent
5 o3 « S IR 48-57
SiliCa - - - o e 5-13
Aluming . e e 2-7
Phosphorus. - . e - 0.04-0. 12
Sulphur_ . __ . _____...0.02-0.10
ManNGANESe - - o o o o m e e 0. 15-0. 30
Water.. ... _.__.__ e — e m e mm————————— - 10-13

It is possible that the shipping ore will contain only about 45 percent of iron,
however, with correspondingly higher percentages of impurities. The carbonate
ores as mined contain less iron than the brown ores, but roasting to drive off
carbon dioxide will yield a product as high in quality as the best brown ores.

Analyses of the laminated and buff crumbly ores of the South Basin indicate the
following probable range in composition:

Percent
: ) S 42-48
- Siliea - - o e 10-12
Alumina_ e m e e s—12
Phosphorus._ - - - o e 0. 10-0. 25

Waber o 19-14

Detailed mapping of all important deposits, measurement of all available
natural and artificial exposures, and data supplied by several private companies
have made possible a rather definite limitation of the areas from which commercial
production of ore can be reasonably expected. With certain limits as to grade of
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ore, ratio of ore to waste, and ratio of ore-bearing material to overburden, it is
estimated that the total reserves of ore in the North Basin are about 109,800,000
long tons and cover an area of 35,300 acres and that the total reserves in the
South Basin are about 66,808,000 tons and cover an area of 21,655 acres. Between
150,000,000 and 200,000,000 tons of comparatively high-grade iron ore is, therefore,
apparently available in eastern Texas. These figures do not take into account an
enormous tonnage of low-grade ferruginous material that might possibly be used
in the distant future. )

The future of the district appears to depend on the solution of transportation
problems. Whether the ores are shipped to other States or used in local furnaces,
the freight rates on ore or on coal and limestone have been so high in the past that
reasonable profits could hardly be obtained by the operators. If present plans for
the development of water transportation should be realized, the Texas ores could
probably be utilized in the near future. It seems more probable that they will be
shipped to existing iron centers rather than that they will be reduced in local
furnaces.

The report contains detailed descriptions of individual iron-ore deposits in the
North and South Basins, arranged by counties and districts. Representative
sections of the ore-bearing formations are presented, and the area, thickness of
ore and overburden, and ratio of ore to waste are described. Maps of parts of
Cass, Marion, Morris, Cherokee, and Henderson Counties are included. In
addition to the geology, they show the distribution and classification of the iron
ores.

INTRODUCTION

LOCATION AND EXTENT OF AREA

The iron-ore deposits of eastern Texas occupy parts of the Coastal
Plain province, in the eastern and northeastern parts of the State.
Ore deposits have been reported by various authors to occur in the
following 22 counties, which have an aggregate area of more than
20,000 square miles; Anderson, Camp, Cass, Cherokee, Franklin,
Gregg, Harrison, Henderson, Hopkins, Houston, Marion, Morris,
Nacogdoches, Panola, Rusk, Sabine, Shelby, Smith, Titus, Upshur, .
Van Zandt, and Wood. (See pl. 1.)

Unquestionably some ferruginous material exists in all these coun-
ties, but deposits that could be profitably worked under any reasonably
predictable economic conditions are restricted to an area of less than
1,000 square miles in a few of the counties. In fact, a very large pro-
portion of the production should be obtained from an area of less than
100 square miles in Cass, Cherokee, Marion, and Morris Counties
(pl. 1). In addition, Anderson, Henderson, Upshur, Nacogdoches, and
Smith Counties might conceivably produce some ore if sufficient
demand should arise.

FIELD WORK AND ACKNOWLEDGMENTS

Field work on the project whose results are here set forth, which was
made possible by an allotment from Public Works Administration
funds, began early in April 1934 and continued through November of
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the same year. The work was sufficiently detailed to enable a sharp
limitation of the areas from which commercial production can be
reasonably expected, to permit a careful estimate of the available ore
reserves, and to yield many data showing the relation of the ore
deposits to depth of overburden and position of the water table.
Geologic maps were prepared of a large part of eastern Texas which
has received but scant attention in the past.

J. R. Stone assisted during the early part of the season and is
responsible for the descriptions of the John Davis and Hagerty dis-
tricts and for the field work in much of the Prewitt district and parts
of several districts in the northeastern part of Cass County. E. C.
Williams served as rodman through the greater part of the season.
Paul E. M. Purcell joined the party June 28 and remained in the
field until early in December. His wide professional experience in
the geology of eastern Texas made him an especially valuable addition
to the party. He is responsible for many of the ideas on stratigraphy
and structure as here presented and for detailed studies of many of
the iron-ore.deposits. The writer was in the field from April 6 to
November 1. Ernest F. Burchard, geologist in charge of the section
of iron and steel metals, Geological Survey, made three visits to the
field aud gave much heipful advice both in the field and during the
preparation of this report.

Everyone with whom the writer has come into contact has willingly
given assistance in the work, Mr. Charles Denby, Jr., and Mr. Bran-
doun Barringer, of the East Texas Iron Co., placed all the records of
that company at the Survey’s disposal. Officials of other companies
interested in the region were equally generous. F. W. Galbraith
contributed materially with his studies of thin and polished sections
of the iron ores and greensand. A. C. Spencer and E. C. Eckel
gave much advice, particularly on the questions of origin and available
reserves of ore. LaCharles G. Eckel assisted throughout the field and
office work, not only with timely encouragement but also in prepara-
tion of maps and tabular data, and in proofreading. Grateful
acknowledgment is due to all members of the Geological Survey’s
administrative, editorial, and clerical force who have in any way had
a part in the work. :

It is a pleasure to acknowledge the writer’s indebtedness to Dr.
E. H. Sellards, Director, and Mr. C. L. Baker, of the Texas Bureau
of Economic Geology; to Judge L. L. Harper and Mr. Will Surratt,
of Linden; to Mr. R. C. Hardy, of Atlanta; to Mr. E. A. Wendlandt,
of the Humble Oil & Refining Co., Tyler; to Mr. Albert J. Jones, of
Jamestown, Calif.,, and to many others for advice, criticism, and

much information that could not otherwise have been obtained,
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METHODS OF FIELD WORK

The field work consisted in large part of preparing maps to show the
areal distribution of the iron-ore deposits and of the geologic forma-
tions. The character and quantity of the iron ore were examined
in detail in all available natural and artificial exposures, such as wells,
road cuts, and prospect pits. Maps of local areas were furnished by
several iron companies and were of great assistance, as were the com-
pany records of test pits and other prospecting data. The data
obtained have since been used in drawing up an estimate of the
reserves of commercial ore within the area, which was considered to
be one of the most important phases of the work.

The best available base maps were used. Except for maps of three
quadrangles (Atlanta, Linden, and Daingerfield) that cover parts of
Cass and Morris Counties, no topographic maps were available.
The Bureau of Soils, United States Department of Agriculture,
kindly furnished an excellent newly prepared but unpublished soil
map of Cass County, by M. W. Beck, which was used for mapping
the geology in the southern part of the county. Soil maps of Hender-
son, Morris, and Smith Counties, published by the Department of
Agriculture, were very useful, not only as base maps but because some
of the soil units portrayed correspond in a general way with the
geologic units. In other counties rural post-route maps kindly
furnished by the Division of Topography, United States Post Office
Department, were used. In some areas, particularly in Cherokee
and Marion Counties and southeastern Morris County, where no
accurate maps were available, the geology was plotted on base maps
prepared by the present party.

Because of the large area to be covered and the heavily wooded
nature of most of the iron-ore bearing hills, plane-table work was not
feasible. Most of the mapping was therefore done by a combination
of automobile and pacing traverses. Altitudes were determined by
means of a Tycos 5-inch surveying aneroid. This instrument proved
to be accurate within 5 feet for long traverses and even more accurate
for short traverses where benchmarks were relatively close together.

PREVIOUS WORK IN THE DISTRICT

From 1859 to the present time, the iron-ore deposits of eastern
Texas have been examined by many geologists, both for the State and
Federal Surveys and for private companies. The following bibliog-
raphy includes all the more important published reports that deal
primarily with these deposits. In addition, a great number of papers
have been published on the general geology, stratigraphy, structure,
paleontology, and water supplies. A few of these papers are referred
to in the text, but no attempt to present a complete bibliography has
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been made. In recent years petroleum companies have accumulated
quantities of information on the structure and stratigraphy of this part
of Texas, but unfortunately only a small fraction of this information
has been made available to the general public.

Shumard, B. F., Texas Geol. and Agr. Survey 1st Rept. Progress, pp. 13-14,
1859. Briefly describes occurrence of iron ore in seven counties. Contains first
published references to presence of carbonate ores and to existence of Nash
furnace. '

Buckley, S. B., Texas Geol. and Agr. Survey 1st Ann. Rept., 142 pp., Houston,
1874. Brief descriptions of several furnaces and ore deposits in a number of
counties on pp. 17-21.

Birkinbine, John, The iron industry of Texas; U. S. Assoc. Charcoal Iron
Workers Jour., vol. 6, pp. 168-172, June 1883. Not seen by the writer.

Johnson, L. C., The iron regions of northern Louisiana and eastern Texas:
50th Cong., 1st sess., H. Ex. Doc. 195, vol. 26, 54 pp., map, 1888. Outlines
-ore-bearing area in Louisiana and Texas and gives data regarding the geologic
formations. The South Basin ores are ascribed to lacustrine or bog deposition, the
North Basin ores to alteration of original iron carbonate. The few notes on thick-
ness of ore are more conservative and truer to fact than those of some later writers.

Penrose, R. A. F., Jr., A preliminary report on the geology of the Gulf Tertiary
of Texas: Texas Geol. Survey 1st Ann. Rept., for 1889, pp. 5-101, 1890. (Iron
deposits described on- pp. 65-86.) The subject is approached primarily from a
scientific rather than a practical angle. Describes the deposits under three head-
ings—Brown laminated ores, Nodular or geode ores, and Conglomerate ores.
Discussion of the origin of the ores is clear and convincing.

Dumble, E. T., Kennedy, William, and others, Reports on the iron-ore district
of east Texas: Texas Geol. Survey 2d Ann. Rept., for 1890, pp. 7-326, map, 1891.
Descriptions of iron-ore deposits throughout eastern Texas, with many incidental
notes on geography, timber, clay, glass sand, ete. Map shows approximate
boundaries of ore deposits. Estimate 1,500,000,000 tons of ore as very conserva-
tive. Give many analyses of ores and greensands. Data on actual thickness of
ores are extremely optimistic in general. Most complete report extant on iron-ore
deposits.

Penrose, R. A. F., Jr., The Tertiary iron ores of Arkansas and Texas: Geol. Soc.
America Bull.,, vol. 3, pp. 44-50, 1892. Contains a well-organized discussion of
the origin of the ores. )

Kennedy, William, Houston County, Tex.: Texas Geol. Survey 3d Ann. Rept.,
pp- 3-40, 1892. Describes deposits of siliceous conglomerate and of laminated and
buff crumbly iron ores in Houston County. Points out that the former are too
loew in grade and the latter too thin to be of value.

Kennedy, William, The age of the iron ores of east Texas: Science, new ser.,
vol. 23, pp. 22-25, 1894. General summary of geologic relations of iron ores. All
ores thought to be of Claiborne (Eocene) age, the nodular ores being derived from
the laminated type, which were in part bog deposits and in part derived from
oxidation of greensand.

Kennedy, William, Iron ores of east Texas: Am. Inst. Min. Eng. Trans., vol. 24,
pp- 258-288, 862-863, 1895. Abstract, Eng. and Min. Jour., vol. 57, pp. 222-223,

1894. Contains but few data that ar¢ got in 2d Ann. Rept of Texas Geal

Survey, but material is better organized and somewhat more complete. Many
analyses of ores and of iron made in local furnaces.

Phillips, W. B., The iron resources of Texas: Eng. Soc. Western Pennsylvania
Proc., vol. 19, pp. 62-79,.1902. Reviewed in Eng. and Min. Jour., vol. 73, p. 656,
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1902. Largely a description of existing furnaces and discussion of economic
factors.

Eckel, E. C,, Iron ores of northeastern Texas: U. S. Geol. Survey Bull. 260, pp.
348-354, 1905. Reports results of a rapid reconnaissance examination of deposits
in Cass, Marion, and Morris Counties. Recognizes great areal extent and rich-
ness of deposits but points out difficulties in the way of large-scale mining
operations.

Cloyd, W. C., Iron-ore development in east Texas: Manufacturers’ Record,
Feb. 14, 1907, p. 123. Good summary of the history of the district.

American Iron and Steel Association, Directory of the iron and steel works of
the United States, 3d ed., 1876, to 17th ed., Philadelphia, 1908. Data on history,
equipment, and production capacity of the later furnaces in east Texas.

Phillips, W. B., The iron-ore situation in east Texas: Min. World, vol. 33, p..
994, November 26, 1910. Largely a discussion of transportation and other
economic factors that bear on development of Texas iron ores. '

Phillips, W. B., Iron and steel making in Texas: Iron Age, vol. 89, pp. 14-16,
141-143, 1912. Discussion of possibility of establishing local iron and steel
industry. Contains a valuable classification of chemical analyses of ores.

Phillips, W. B., The new iron-ore dock at Port Bolivar, Galveston Bay, Tex
Iron Age, April 18 1912, pp. 974-978. Largely a description of facilities at Port
Bolivar but contains some data on transportation costs, production, and history
of blast furnaces.

Linton, Robert, Texas iron-ore deposits: Eng. and Min. Jour., vol. 96, pp.
1153-1156, map, 1913. Summary of geologic relations, with data on results of
recent prospecting and concentration experiments. Contains several analyses of
raw, concentrated, and calcined ores and several photographs.

Phillips, W. B., Concentration by the Goltra process: Iron Age, November 12,

1914, pp. 1148-1150. Describes concentration tests made on Texas brown ores
at Waukon, Iowa.
- Burchard, E. F., Iron ore in Cass, Marion, Morris, and Cherokee Counties,
Tex.: U.S. Geol. Survey Bull. 620-E, pp. 69-109, map, 1915. Clear description of
deposits in counties named, with many sections of ore-bearing strata. Several
new analyses of ores and illustrations of mode of ore occurrence. Closing chapters
on development and utilization of ores very useful.

Baker, C. L., Oxide, silicate, and carbonate iron ores of northeastern Texas, in
The geology of Texas, vol. 2: Texas Univ. Bull. 3401, pp. 427-482, 1935. Com-
pilation of data on iron-ore deposits, with extensive original discussions of char-
acter of greensand, origin of the ores, and general economic factors involved in
their utilization.

Eckel, E. B., and Purcell, P. E. M., The iron ores of east Texas, in The geology
of Texas, vol. 2 Texas Univ. Bull. 3401 pp. 482-503, 1935. Prelimary report,
superseded by this paper.

"HISTORY OF THE DISTRICT

. Most of the matter that follows has been taken from the reports of
Dumble ! and Kennedy ? and from the publications of the American
Iron and Steel Association.? For further details the reader is referred
to the original reports by these and other early writers. The first

! Dumble, E. T., Kennedy, William, and others, Reports on the iron-ore district of east Texus: Texas
Geol. Survey 2d Ann. Rept., for 1890, pp. 7-325, map, 1891,

t Kennedy, lellam, Iron ores of east Texas: Am. Inst. Min. Eng. Trans., vol. 24, pp. 258-288, 862-863,
1895.

3 American Iron and Steel Assoclauon, Dlrectory of the iron-and steel works of the United States,. Phlla-
delphia, 1876-1908.
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published reference to the deposits of iron ore in eastern Texas seems
to be that made by Newell,* who said in 1839, “Iron is found in
abundance in the eastern, northern, and middle portions of Texas.”

The first furnace of which there is any record was erected about
1855. This was the Nash furnace, of which Shumard,® writing in
1859, said:

The only iron furnace our State can boast of is situated in this [Cass] county.
It was erected several years since by Mr. [J. S.] Nash and has been in nearly
constant and, I believe, profitable operation up to the present time. The ore
is mined near the furnace, and the kinds preferred are a porous variety of hema-
tite, termed by the proprietors ‘“honeycomb ore’”’, and compact brown hematite.
The pig metal and castings produced from these ores are of excellent quality and
tommand a high price in the market. ’

The location of this furnace is in doubt. Shumard places it in
Cass County. - Penrose ® describes it as located in Cass County, just
porth of Barnes Hill, 3 miles from Avinger. The context strongly
suggests that Barnes Hill was northwest of Avinger. Dumble
locates the furnace in the Gilbert tract, in northwestern Marion
County. Judge L. L. Harper, of Linden, kindly investigated the
matter for the writer and states in a letter to him that there is little
doubt that the Nash furnace was situated on the Walter H. Gilbert
tract in Marion County. ’

Apparently the Nash furnace was operated throughout the Civil
War, as Buckley states 7 that it was seized by the United States Gov-
ernment at the end of the war and never resumed operations.

Several small furnaces and bloomeries were in operation about 1860.
At an extra session of the State legislature in 1861 a joint resolution
was passed which pointed out that inexhaustible supplies of iron ore,
together with several successful foundries, existed in Cass and
Marion Counties, and invited the Government of the. Confederate
States ‘‘to consider the propriety and importance of establishing a
foundry and manufactory for the manufacture of ordnance and arms
for the Confederate States.”

This invitation was accepted, and the Confederate Government
took charge of and operated several of the existing furnaces and
erected others. In addition to the works constructed by the Govern-
ment, a few others were erected by private capital. After the war
all of them finally fell into disuse. '

The erection of the Hughes furnace was begun in 1859, but no iron
was produced until 1861. It was about 1} miles southeast of Hughes
Springs and had a capacity of 20 tons of iron a day. Mr. Hughes,
who built the furnace, never operated it, as the Confederate Govern-

« Newell, C.. History of the revolution in Tesas, p. 172 1839.

b Shumard, B. F., Texas Geol. and Agr. Survey 1st Rept. Progress, pD. 13-14, 1859

s Penrose, R. A. F., Jr., A preliminary report on the geology of the Gulf Tertiary of Texas. Texas Geol,
Survey, 1st Ann. Rept., for 1889, p. 78, 1890.

7 Buckley, S. B., Texas Geol. and Agr. Survey, 1st Ann. Rept., p. 19, Houston, 1874.
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ment took charge soon after its completion. Under Government
operation large amounts of pig iron and castings were made. After
the war production was continued for a short time by the Federal
authorities.

Young’s Iron Works were about 8 miles southwest of Jacksonville
and 3 miles from the Neches River, on an isolated hill known as Iron
Furnace Mountain. This hill is probably part of the chain of ridges
now known as Tillman Mountain. The furnace was substantially
constructed of brown ferruginous sandstone and cost between $6,000
and $7,000. It was 34 feet square at the base and 34 feet high. Local
ore was used. Limestone came from a source only 18 miles distant,
possibly from the salt dome west of Palestine. This smelter operated
successfully for a time and produced pig iron and castings, but it
closed down soon after the Civil War. Plans were later made to
resume operations. Construction of new railroad facilities were
under way when the owner, Dr. Young, was killed in an accident.
Nothing further was ever done.

About 8 miles northwest of Alto, in Cherokee County, and the same
distance southwest of Rusk, was the Philleo (Filleo) furnace, where
ore was smelted on a large scale during the Civil War. The ore and
the charcoal used came from the isolated hills in the immediate
vicinity of the furnace. Limestone is said by Buckley ® to have been
“abundant, only 3 miles distant.” The location or geologic occurrence
of this limestone deposit is unknown. dJames J. Perkins, of Rusk,
informed the writer that the furnace, which was built against a steep
hill slope so that ore, fuel, and flux could be dumped in at the top of
the stack, cost about $55,000 and produced 3 to 4 tons of iron
o day for some years. Three hundred men are said to have been
employed at these works, but smelting was discontinued at the end
of the war, and only the foundry business continued.

The Nechesville bloomery, which was in northeastern Anderson
County, near Nechesville (now Neches), was erected in 1863 by Col.
Charles Bussey and Joseph D. Griggs. A single 25-horsepower engine,
~ using an ordinary fan blast, was tried first, but it was found inadequate
and later a second engine and two tub bellows, or blowing cylinders,
were added. The expected yield of iron was 3,000 to 4,000 pounds
a day, but when production had reached 1,500 pounds & day and
success seemed assured the works were burned. The total production
was 50,000 pounds of iron, said to be of superior quality. Ore for
the furnace came from a mountain a mile north of Nechesville, and
the fuel used was local pine charcoal.

The Montalba bloomery was on the south side of Mound Prairie
Creek, near Montalba, in Anderson County, about 8 or 9 miles north

8 Buckley, 8. B., op. cit., p. 18.
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of Palestine. This was one of the plants operated by the Confederate
Government. Gun barrels and other munitions were the chief
products. Nothing more is known of its history.

The Confederate Government began construction of a bloomery
near Kickapoo, a small settlement not far south of Frankston, in
northeastern Anderson County, but the work was never completed.

The R. W. McClain or Linn Flat bloomery was in northwestern
Nacogdoches County, about 12 miles from Nacogdoches. It was
constructed and operated during the latter part of the Civil War,
‘ceased operations with the coming of peace, and was later burned.
Buckley ? says: “No lime was used. The blowing process, which
consists of roasting and breaking up the ore, was here adopted.”
About 150,000 pounds of hammered iron bars were made by this
bloomery in about 8 months.

In 1863 the legislature passed a law which offered a sectlon of land
for each $1,000 invested in the erection of certain manufaetories.
The Sulphur Fork Iron Co., incorporated in the same year, was the

first to take advantage of this offer. The company was organized on
~ June 15, with 19 stockholders. There is no record of the number of
shares, which were valued at $1,000, although it is known that among
the stockholders was the State of Louisiana, with 52 shares. The
furnace was just west of Springdale, in northeastern Cass County,
and ore was obtained from nearby Bowie Hill. The furnace was built
- of brick and was 34 feet square. and 36 feet high. In addition to the
furnace, the plant equipment consisted of a large coal shed, engine
room, molding room, steam sawmill and gristmill, machine shop, and
the necessary dwellings. The capacity was 8 tons of iron a day, and
both pig iron and hollow ware were produced. Work stopped April
1, 1865, and was never resumed. The value of the plant, as deter-
mined by a commission appointed to determine how many sections of
land were due to the owners, was $97,500.
Erection of the Kelly furnace was begun in 1869 by G. A. Kelly
about 6 miles northwest of Jefferson, Marion County. It went inte

blast in 1870 and ran almost continuously until 1886. Originally.

square, the stack was changed to the round form in 1874. The bosh
diameter was 9 feet, and the height, which had been 34 feet, was
‘raised to 45 feet. Hot-blast charcoal soft foundry iron was produced.
According to Buckley ® the furnace in 1874 was producing 1,000
pounds of pig iron a day. The proportions of material in the charge
were 18 bushels of charcoal, 750 pounds of ore, and 60 pounds of lime.

The lime was in the form of oyster shells, brought m from New Orleans
and elsewhete. At this time 70 men were employed at the furnace
and 50 in the foundry.

9 Buckley, 8. B., op. cit., p. 19.
10 Buckley, 8. B., op. cit., pp. 10-20.
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In 1882, owing to financial difficulties, the furnace was sold to
the Marshall Car Wheel & Foundry Co., which remodeled it slightly,
changed the name to Loo Ellen, and began producing hard iron
suitable for chilled castings such as car wheels. The capacity was 10
tons of iron a day. Charcoal was used for fuel, and limestone was
brought from the vicinity of Dallas. The furnace operated continu-
ously until 1886, when the owners found that they could not dispose
of all the iron produced. As the plant was in a dilapidated condition
as well, it was shut down, and finally dismantled in 1888. This was
the last of the old furnaces. '

Early in the eighties a penitentiary was established by the State at
Rusk, in Cherokee County. The site was chosen on account of the
presence of abundant iron ore in the vicinity and for the purpose of
employment for convict labor in making pig iron and related products.
The original plans called for a 25-ton furnace, which was expected
to cost about $25,000. Construction of the furnace, which was first
named the Old Alcalde but was later known both as the Sam Lanham
and as the State furnace, began in 1883. It was blown in, with char-
coal fuel, on February 27, 1884. The yield of iron was at first only
8 to 10 tons a day, and the quality of the product was not as good as
had been expected. By November 1885, after anumber of shut-downs
during which the bosh was altered several times and other changes
made, the capacity was raised to 25 or 30 tons a day and the grade of
the product greatly improved. The furnace operated successfully
from 1886 to 1888 except for two or three brief shut-downs due to
necessity for repairs or to lack of fuel. During this 2-year period
9,000 tons of iron was made, in the production of which 18,903 tons of
ore, 4,525 tons of limestone, 1,276 cords of wood, and 1,207,761 bush-
els of charcoal were used. Little is known of the interval from 1888

"to 1896, but production is believed to have been nearly continuous.

The furnace was rebuilt in 1896 and the capacity increased from
7,000 to 10,000 tons of iron a year. The single stack was at that time
55 feet high and 9% feet in diameter. It ran almost continuously
until 1903, when it was again torn down and completely rebuilt.
The new stack was 65% feet high and 12 feet in diameter. Three
hot-blast stoves, each 60 by 16 feet, were part of the plant. The
furnace was blown in, using charcoal fuel, on April 6, 1904, with a.
capacity of 23,000 tons a year. The next year charcoal was replaced
by coke, and the first coke pig iron was produced in September 1905.
The capacity was then 36,000 tons a year. Production continued
with but few interruptions until December 1909, when the furnace
went out of blast permanently. It was leased and relined by the
Texas Iron Association in 1913, but no production was made. The
penitentiary has since been replaced by one of the State insane

33781-~38——2
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asylums, and there is but little evidence of the site of the Old Alcalde.
The furnace was removed to Collinwood, Tenn., in 1920, as an adjunct
to a charcoal byproduct plant constructed by the United States
Government.!

A gray-iron foundry and a plant for the manufacture of cast-iron gas
and water pipe were operated in conjunction with the furnace for
many years. At various times car-wheel, foundry, basic pig, and
forge pig iron, and some 8 to 10 percent ferrosilicon were produced.
The whole undertaking is said to have cost the State of Texas about
$500,000. Opinions differ as to whether or not the operations were
economically profitable. The furnace unquestionably answered the
primary purpose of providing labor for convicts, and furthermore it
showed that iron could be produced in commercml quantity and
quality from the east Texas ores.

With the apparent eventual success of the State furnace about 1885
and 1886, considerable speculation in iron-ore lands took place, and
furnace companies were organized and began operations in several

localities. Only three of thess companies erected plants. These were
the Tassie Belle and the Star and Crescent furnaces, near Rusk, and
the Lone Star, at Jefferson.

The Tassie Belle furnace was built in 1889-90 at New Birmingham, a
new town that sprang up 1% miles southeast of Rusk. It had one
stack 60 feet high and 11 feet in diameter and two Weimer pipe
stoves. Blown in, with charcoal fuel, during November 1890, it
produced from 13,500 to 15,000 tons of car-wheel pig iron a year until
some time in 1896, when it was shut down and never reopened.
Today the only evidence of the furnace or of New Birmingham is the
presence of a little slag and charcoal and a few bricks, all nearly
hidden by second-growth pine.

The Star and Crescent furnace, which was s about a mile southeast

of Rusk, was built in 1890-91, and blown in with charcoal fuel on
November 26, 1891. The stack was 65 feet high and 11 feet in

diameter, and there were four iron stoves. Hot-blast foundry pig iron
was the chief product, though some car-wheel iron is said to have been

made. The annual capacity was between 18,000 and 25,000 tons of
iron. Available records indicate that the furnace operated less than a

year and that it was idle until 1907, when it was relined and remodeled
to allow the use of coke fuel. The first coke pig iron was made in the
spring of 1907, but the furnace went out of blast before the end of the

year and never resumed operations.
The Lone Star furnace, at Jefferson, known also as the Jefferson

furnace, was built in 1889-91 and blown in, using charcoal, on March
15, 1891, It had one stack, 60 feet high and 12 feet in diameter, and

two Durham iron stoves. The product was hot-blast foundry pig

1t Burchard, E. F., personal communication.
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iron, and the capacity about 13,500 tons a year. Erection of a rolling
mill was begun in 1891.- This was partly completed and all necessary
machinery was on the ground when work was suspended in 1893. The
whole plant remained idle until 1898, when the furnace was again
blown in, and apparently operated successfully until 1904, when
another shut-down occurred. According to reports of the American
Iron and Steel Association, plans were made to remodel the furnace
and change from charcoal to coke in 1908, but little is known of its
subsequent history. A comparatively large production of brown ore
from mines at Lassater and Atlanta was reported to the United States
Geological Survey during the years 1907-10. (See table, p. 14.)
This ore was said to have been shipped to the Lone Star furnace.
Exact figures are not available, but it is also known that pig iron was
produced in Texas as late as 1911 (table, p. 14), presumably by the
Lone Star furnace. ‘

All these furnaces were abandoned long ago, and with the exception
of the Lone Star, where some of the machinery still remains, there is
nothing to mark the sites but a few remnants of the old foundatlons and
the slag dumps.

Since about the year 1900 there have been several strong revwals
of interest in the district. Intensive prospecting campaigns have been
carried on, and some ore-bearing tracts have changed hands several
times. Intense rivalry developed temporarily between some of the
companies in regard to the acquisition of particularly desirable proper-
ties. Experimental washing and concentrating plants were erected,
and test shipments of ore were made. Plans for the erection of blast
furnaces and steel plants have been drawn up repeatedly. The Port
Bolivar & Iron Ore Railway, designed to tap the ores in part of the
porthern area, was constructed from Longview to Ero, a point in
northwestern Marion County, and loading facilities were built on
Galveston Bay. Estimates of ore reserves have been almost as
numerous as the engineers who have examined the deposits and in
general as optimistic as the stock market in early 1929.

Some very promising deposits of ore have apparently been over-
looked or ignored in the acqulrement of ore lands, but by far the greater
part of the reserves are now in the hands of a few large companies.
Some of these plan to produce eventually iron ore or iron and steel
themselves, but others are holding the properties as investments.
One result of the activity in the district has been the accumulation of
quantities of data on the character and extent of the ore deposits.
Many of these data were made available to the Survey through the
courtesy of several of the more interested companies and have been
of the greatest possible value in the preparation of this report.
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PRODUCTION OF IRON ORE AND PIG IRON

Records of the production of iron ore and pig iron in eastern Texas
are necessarily incomplete. The total production during the Civil
War period and even the daily capacity of most of the small furnaces
and bloomeries are not known. It seems probable, however, that not
more than 10,000 short tons of iron was produced during the period
1855-65. On the assumption that the ore contained 50 percent of
metallic iron, this corresponds to about 17,860 long tons of iron ore.

Iron ore and pig iron produced in eastern Texas, 1856—1935

Production periods of local furnaces.
: (X =in blast)

Pig iron | Iron ore

Year (short élon% Kell Tassi Sta(rl Lone Remarks
tons ons, elly assie-| an
) State Belle | Cres- Star

(Jeffer- Rusk (Jeffer-
son) ( ) (Rusk) ((Iziel?stk) son)

185565 cceaceee 110,000 | 217,860 |eccucmoo|ommomoe )] amaec e eme e Production from a
number of small fur-

naces and bloomeries.
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! Estimated by E. B. Eckel. . .

2 Estimated from production figure for pig iron, assuming ore to contain 5) parcent of iron.

3 Production.figures for pig iron, 1872-1904, from annual statistical reports of American Iron and Steel
Association. “Production figures for 1905-11 grouped with those for other States. .

¢ Estimated from production figure for pig iron, assuming ore to contain 45 percent of iron (both North and
South Basin ores). . . . .
s Estimated from production figure for pig iron, assuming ore to contain 42 percent of iron (all South Basin

0res).
7 Production figures for pig iron, 1005-10, estimated from figures for iron o

percent.of iron.

3 1 - i .W. is, f Mines.
¢ Production figures for iron ore, 1889-1935, supplied by H. W Davis, Bureael’x gssu I;]I]lleisg 0l 0 gontaia 42
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Iron ore and pig iron produced in eastern Tezas, 1866—~1935—Continued

Production periods of local furnaces.
(X =in blast)

Pig iron | Iron ore
Year (short (long Star Lone Remarks
fons) | om) | e | State | 5o | Gre
son) | (BUSK)| (Rusic)| cent (J%Ilfsr-
(Rusk)[ S

Production cf ore from

gg' g;g 18,442 ... - ¥ D X? mines at Lassater
3 015 -- and Atlanta, report-
13,893 od asshipped to Lone

4 Star furnace.
None In part from Harris dis-
trict, Cass County.
5,232 tons from Gilbert

district, Marion
County; 2,000 tons
from Harris district,
Cass County.

§33§ B e U R Rnsssl H Source and disposal of
None ore unknown; prob -
None ably all test ship-
None ments.
Nono

Totaloeeeooo 282,093 | 638,222 | feccccefieiec oo ammeaas

The figures in the preceding table for pig-iron production for the
years 1872 to 1904 have been compiled from the annual reports of the
American Iron and Steel Association. Figures from 1889 to the
present were supplied by Mr. H. W. Davis, of the Bureau of Mines.

Comparison of the figures for iron ore and pig iron for the years
1889 to 1904 is of interest. During this 16-year period 258,501 long
tons of ore and 107,722 long tons of pig iron are reported to have been
produced. If all of the ore was used in local furnaces, an average
metallic-iron content of about 42 percent is indicated. This is some-
what lower than the average grade of the ore indicated by analyses
(pp. 61, 64).

As shown in the table above, the total production of iron ore
from 1855 to 1935 has been 638,222 long tons. Even if the production
during the Civil War period was considerably greater than has been
estimated, and if the average ore contained as little as 35 percent of iron,
eastern Texas can hardly have produced more than 700,000 long tons
of ore. This is but a fraction of the apparent reserves. (See table
on p. 67.)

GEOGRAPHY

Topography and physiography.—The index map, plate 1, shows the
area that is covered by this report. The Gulf Coastal Plain of eastern
Texas, of which all of this area is a part, consists of a dissected plain
that slopes gently toward the south and southeast. The dissection
is general but varies from place to place in depth and completeness.
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The relief ranges from nearly level to hilly, and steep-sided, flat-topped
ridges and isolated hills, which are locally called mountains, character-
ize the topography in a large part of the area. These hills are largely
due to differential erosion of the geologic formations. In the iron-ore
districts the presence of beds of oxidized greensand, brown iron ore,
and ferruginous conglomerate, which are resistant to weathering, has
produced the characteristic topography. The beds of the major
streams range from about 200 to 250 feet above sea level, and the
highest hills attain altitudes of about 700 feet. The maximum relief
is thus about 500 feet. . N

The main streams in the region are Cypress Creek and the Sulphur,
Sabine, Angelina, Neches, and Trinity Rivers, all of which flow toward
the east or southeast, in the direction of the Gulf of Mexico. A fea-
ture of the drainage pattern is the greater development of the south-
eastward-flowing tributaries, those flowing to the northeast being
relatively few and small. This inequality of drainage development is
due in part to the general Gulfward slope of the original plain surface
and to the efforts of the streams to adjust themselves to the regional
structure of the underlying formations. The bottom lands of the
major streams, as well as those of the larger tributaries, are nearly
level. Abandoned stream channels remain as partly filled bayous,
shallow depressions, and small lakes in the wider valleys. During
floods the flood plains of most of the larger streams are covered with
backwater over large areas. N

Vegetation.—The greater part of the region lies within the eastern
Texas timber belt. On bottom lands or alluvial plains hardwood
forests flourish and are made up of various oaks, pecan, hickory, ash,
cottonwood, sycamore, elm, and other trees. On the uplands and
divides pine forests predominate, consisting of short-leaf, loblolly,
and long-leaf pines, interspersed in places with upland oaks and other
hardwood trees. Much timber has been removed over a long period
of years, and today nearly all the timber that is cut is second- or even
third-growth material.

Industry and transportation.—Farming, lumbering, and the produc-
tion of petroleum and natural gas are the chief industries of the region.
Cotton is the chief crop, but grain, sugar cane, vegetables, melons,

and fruit are also produced. The famous eastern Texas oil field is

the largest producer of petroleum. Since its discovery the whole
complexion of the oil industry and of the economic life of eastern

Texas has been changed. A number of smaller oil fields are scattered
throughout the southern part of the area. Natural gas is produced
in Marion and Cass Counties from the western part of the Caddo
Lake field. Among other mineral industries of some importance are

the production of lignitic coal, pottery and brick clays, and ferruginous
gravel for highway and railroad construction. Salt is produced from
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brine wells on the Palestine salt dome, in west-central Anderson
County.

Eastern Texas is traversed by several ra,llroads, which are shown on
plate 1, and the main towns are connected by an excellent system of
paved or graded highways. Secondary roads are numerous but are
frequently difficult to travel on account of floods and muddy condi-
tions in winter and spring or of deep, loose sands during the dry
summers.

Climate.—The climate of the region is characterized by relatively
mild winters and long, warm summers, with gradual transitions from
one season to the other.

During the winter pleasant, sunshiny days, with crisp, cool nights,
alternate with periods of cloudy weather or slow, gentle rains of 2 or 3
days’ duration. Sudden cold waves, locally known as ‘“‘northers,”
occur between November 1 and April 1, varying in duration from a
few hours to 2 or 3 days.. They are marked by an abrupt fall in
temperature to freezing or below, by a brisk north or northwest wind,
and occasionally by a fall of sleet or snow, but more often by clear,
cold weather. '

The spring is pleasant, though this season is usually the period of
heaviest precipitation. The rains of the early spring are generally
warm and gentle, but in the late spring thunderstorms characterized
by short downpours occur with great frequency.

During the summer the long periods of hot weather combine with
high humidity to lower the efficiency of field or other work. A
southerly breeze from the Gulf of Mexico tempers the excessive heat
during the greater part of the nights, but hot, dry northerly winds
sometimes occur. The precipitation during this part of the year is
mainly of a torrential nature, and cyclones, or ‘“clouds”, as they are
locally known, sometimes do considerable damage.

The fall is marked by warm, pleasant weather. With the approach
of winter the heavy local rains characteristic of the summer become
less frequent, and the slow, general rains of the winter season begin,
making many secondary roads almost impassable.

The annual precipitation ranges in different parts of the region
from less than 20 to more than 60 inches, with an average over a
number of years of about 40 inches. The mean annual temperature
is about 65° F., but the average temperature during 3 months or
more of summer is usually 80° F. or higher. Extremes of more than
110° are not uncommon in June, July, and August. Once or twice
in every winter the mercury may drop to several degrees below zero
for short periods.
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GENERAL GEOLOGY
STRATIGRAPHY

GENERAL FEATURES

With the exception of a few small areas, where older rocks have
been brought to the surface in the vicinity of the interior salt domes,
all the formations in eastern and northeastern Texas are of early
Tertiary (Eocene) age. Unconsolidated sand and clay predominate,
but greensand, lignitic coal, and ferruginous sandstone are all present
in considerable amounts. The land surface was depressed and elevated
several times throughout the Tertiary period, and marine deposits
alternate with those formed under land conditions. Not only does
one type of sedimentary rock overlie the other, but some of the
stratigraphic units also exhibit complete lateral gradations from land
to marine facies. The major transgressions and regressions of the
sea divide Tertiary time into natural divisions that form a basis for
the classification of the strata. The complicated gradations of the
sediments, the similarity of many of the formations, and the lack of
good exposures have made stratigraphic studies difficult and correla-
tion of beds in places uncertain. Knowledge of the stratigraphy has
steadily advanced, however, particularly since the discovery of oil in
eastern Texas, when there arose among petroleum geologists a real
necessity for subdivision and classification of mappable units in order
to work out the surface and subsurface structural conditions success-
fully. The Eocene stratigraphy of eastern Texas, as it is now known,
is fully discussed by Sellards and others,'? and most of the material
that follows has been condensed from their report. The work of
Wendlandt and Knebel,® who subdivided the lower Claiborne into
the units now accepted by most geologists, has also been drawn upon
freely. The chief contribution to the knowledge of the stratigraphy
of eastern Texas made in the present report is the recognition of two

facies in the Weches greensand. The following table shows the
Eocene formations as they are used in this report.

18 Sellards, E. H., Adkins, W. 8., and Plummer, F. B., The geology of Texas, vol. 1, Stratigraphy: Texas

Univ. Bull. 3232, 1007 pp., 1932 [1933].

'* Wendlandt, E. A., and Knebel, G. M., Lower Claiborne of east Texas, with special reference to Mount
Sylvan dome and salt movements: Am. Assoc. Petroleam Geologists Bull., vol. 13, pp. 1347-1375, map,
.

1929,
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Outline of Eocene stratigraphy in northeastern Texas

Bl Thick-
se Subdivision ness Lithology
Py @ (feet)
(] w
Jackson formation. (?) | Medium-and fine-grained, thin-hedded sand,
argillaceous and tuffaceous clay and tuff,
and lentils of coarse rounded sand grains.
Shallow-water, marine, and beach deposits.
Yegua formation. 600—| Cross-bedded sand, sandy clay, and 4ark to
1,000 chocolate-brown clay, with lentils ot lignite
and bentornite. Continental deposits.
Cook Mountain formation. 125—| Dark clay with some sandy shale, siliceous
450 sand, and greensand; ferruginous and cal-
careous concretions. Largely of marine
origin.
Sparta sand. 230—| Fine- to medium-grained gray to buff uncon-
300 solidated quartz sand, cross-bedded in
laces, with sandy clay and a little lignite
in upper parts. One or more lentils of sili-
ceous greensand. Continental deposits in
large part.
o
)
o
% Weches greensand member. 2—| QGreensand, with varying proportions of glau-
B g 150 conitic oolites, clay, and_ siliceous sand.
188 Cross-bedded in places. Characterized by
'E 815 g ahbundance .of iron ore in' weathered parts.
s|ol2 |z Marine deposits.
H)IR|Olw
g
£ Queen City sand member. 65—| Light-gray medium-grained cross-bedded un-
£ 400 consolidated quartz sand and sandy clay,
g with lentils of lignite, bentonite, and green-
c] sand. Abundant pebbles of brown iron ore
@ at one or more horizons. Largely of con-
=] tinental origin.
g
Reklaw member. 80—| Qlauconitic clay and sand. Low-grade limo-
180 nitic iron ore in weathered parts. Marine
deposits.
Carrizo sand. 10—| Medium-grained quartz sand with some
60 sandy clay. Continental in large part.
—~Unconformity
Wilcox formation. 500—| Sandy clay, sand, and lignite, with some fer-
1,0004| ruginous and calcareous concretions of con-
tinental, littoral, and marine origin.
Midway group. 300—] Silty clay and greensand, with calcareous
900 lentils and concretions. Largely of marine
origin.
Unconformity-

EARLIEST EOCENE ROCKS

The Midway group, which rests unconformably on the Upper Cre-
taceous beds, the Wilcox group, and the Carrizo sand all contain
ferruginous concretions in places, but nowhere in large enough quan-

tity to constitute iron ore.

These formations crop out along the

flanks of the east Texas geosyncline, and within it they appear only
in a few small areas where salt domes or other structural uplifts have

exposed the lower rocks.
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MOUNT SELMAN FORMATION

REELAW MEMBER

The Reklaw member of the Mount Selman formation is named for
the town of Reklaw, in northeastern Cherokee County, where the
beds are well exposed. The surface exposure typically exhibits a
gently rolling, mature type of topography, characterized by soils of a
deep-red or brownish-red color. There are two belts of outcrop.
One extends around the flank of the Sabine uplift from the northeast
corner of Marion County southwestward to northeastern Cherokee
County, thence southeastward toward the Louisiana line. Near the
eastern edge of Nacogdoches County the Queen City sand member
loses its identity and merges into the Reklaw and Weches members
to form the Cane River formation of Louisiana. The other belt of
outerop extends from the Sulphur River on the Arkansas line south-
westward to Van Zandt County, where it swings southward, crosses
the Trinity River in west-central Anderson County, and continues 3
far as Atascosa County, where it again turns to the southwest.

The Reklaw is 80 feet thick in eastern Texas but much thicker to
the west. It lies conformably upon the Carrizo sand and is overlain
conformably by the Queen City sand. The lower contact is marked
in places by a thin bed of dark green fossiliferous greensand but more
generally by an abrupt downward change from the glauconitic Reklaw
sand and clay to laminated yellowish sand typical of the Carrizo.
The upper contact is marked by an abrupt change from ferruginous
clay to medium-grained quartz sand of the Queen City. In eastern
Texas the Reklaw is made up of thin beds of glauconitic black sandy
clay, green glauconitic clay, and gray or yellow gypsiferous clay.
Marine fossils are widely distributed but are nowhere numerous.

Small concretions, crusts, and thin lenticular beds of limonite occur
in the weathered portions and are locally rather abundant. The

limonite is high in iron as a rule, but at no place does there seem to
be a sufficient concentration of limonitic material to justify classifica-

tion of the deposits as iron ore. Its rich soils are valuable, but the
chief interest of the Reklaw to geologists is as a marker or key horizon,
which is of great importance in mapping the geology of a region where
distinctive stratigraphic units are rare.

QUEEN CITY SAND MEMBER

The Queen City sand member of the Mount Selman formation was

named for Queen City, in Cass County, but 1t 1s more typlcaﬂy
developed in the central part of the geosynclinal area. The outcrop
produces a gently rolling, mature topography of somewhat more relief
than that of the Reklaw, and is covered largely by pine and oak
forests. The surface exposure occupies a large part of the trough of
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the eastern Texas geosyncline except where it is overlain by the
Weches greensand and the Sparta sand. Southwest of the geosyncline
the member changes in facies and loses its identity, finally merging
into the sands of the lower part of the Claiborne. It also loses its
identity in eastern Nacogdoches County and thins markedly toward
the northeast in Cass County. The thickness ranges from less than
100 feet to about 400 feet and in places varies considerably within
short distances. A

The Queen City sand overlies the Reklaw member conformably and
is overlain disconformably, at least in places, by the Weches green-
sand. The loWer contact is taken as the plane where the Reklaw
beds of glauconitic clay underlie the sand and sandy clay strata.
The contact with the Weches is taken where the cross-bedded siliceous
sands change abruptly upward to thick beds of greensand.

The Queen City is believed by Plummer ! to have been laid down
in large part by meandering rivers on a flat coastal plain, but the
presence of some glauconitic and bentonitic material throughout the
member suggests that it may have been formed in shallow marine
waters. Lentils of greensand at least indicate that the sea encroached
upon the land several times during the Queen City epoch. The
glauconitic material may have possibly been washed in from eroded
Midway and Reklaw strata, but this seems unlikely, because the
greensand alters very readily on weathering and hence would not be
available for transportation and deposition in its original form.

The Queen City is made up predominantly of light-gray cross-
bedded medium- to fine-grained quartz sand. The cross bedding is
commonly strong and is very irregular. Thin partings of light-
colored clay are common and, especially near the top of the section,
where the beds are somewhat iron-stained, give a characteristic
mottled appearance to the outcrop. Lenticular bodies of clay and
sandy clay are widely distributed but generally not more than 1 or 2
feet thick. Several thin beds of brown, impure lignite ordinarily
occur between 50 and 125 feet below the top of the member. Thin
layers of bentonite are present in many places in the section but are
best developed in the zone immediately under and within 100 feet of
the base of the Weches. Some glauconitic material occurs throughout
the Queen City, and there are one or more greensand lentils of con-
siderable thickness. One of these is the Omen lentil of Wendlandt
and Knebel,'* who say of it:

Approximately 140 feet above the main glauconite of the Reklaw and varying
between 240 and 280 feet below the top of the Weches occurs a local greensand
member. This member is well exposed near Omen and Arp, in eastern Smith
County, and is here termed Omen, from the community where it was first recog-
nized. This greensand extends from Harrison through Gregg, northwestern

U Plummer, F. B., in The geology of Texas, vol. 1, p. 633.
18 Wendlandt, E. A., and Knebel, G. M., op. cit., p. 1356.
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Rusk, and eastern Smith Counties into Cherokee County. Its thickness ranges
from 10 to 15 feet of partly cross-bedded mealy, sandy glauconite. It weathers
rapidly and is difficult to recognize.

Other geologists have observed greensand beds in the Queen City
member. Although little study was devoted to the Queen City by
the present party, observations of the beds at many places throughout
the area gave the distinet impression that most if not all of these
greensands are purely local developments and that correlations
based on widely separated outcrops are probably impracticable.

At several localities beds of conglomerate, ferruginous in part, were
observed. Whether such beds occur at a definite horizoen is unknown.
One of these beds is well exposed in a highway cut 0.7 mile west of
Reese, in Cherokee County. Here is a zone 6 to 8 feet thick in which
much iron-ore gravel occurs. Strong cross bedding of the torrential
type is a noticeable feature. The gravel consists of subangular
water-worn pebbles of limonite, some of which exhibit ghost struc-
tures of what were probably originally glauconitic oolites, a few
rounded to subangular chert pebbles, and much coarse quartz sand.
Most of the pebbles range from a quarter of an inch to about 1 inch in
diameter, but a few are larger. In places the gravel is cemented with
ferruginous material to form large irregular masses of hard conglom-
erate. These gravel deposits are significant in that they indicate
that either just before or during Queen City time iron ores were being
formed from older greensand, much as they are forming today along
outcrops of the Weches greensand. Whether the pebbles were
derived from oxidized greensand in the Midway or Reklaw units or
came from the lower greensand lentils in the Queen City is unknown.

Crusts and concretions of limonite occur sparingly throughout the
beds but are most abundant near the top, where their presence is
doubtless due to infiltration of iron-bearing solutions from the over-
lying Weches.

WECHES GREENSAND MEMBER

OCCURRENCE AND CHARACTER

Nearly all the commercial iron ore of eastern Texas is associated
‘with the Weches greensand member of the Mount Selman formation.
This member is named for the town of Weches, in northeastern

Houston County, near which one of the facies is well developed. The

greensand is essentially made up of beds of glauconitic sand and clay
and is characterized in its weathered portions by deposits of brown

iron ore. The resistant ferruginous beds cap hills and escarpments
throughout most of the area of outcrop in eastern Texas and produce
a picturesque, rugged topography of steep, flat-topped hills, dissected
by deep V-shaped valleys. In central and southern Texas, where
little or no iron ore has been deposited, the beds weather to form
rolling open prairies characterized by a rich red soil.
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The Weches crops out on isolated hills of varying size, or along
slopes and ridges that are covered by the Sparta sand throughout the
central part of the eastern Texas geosyncline. Southeast of the basin
proper, in Nacogdoches and San Augustine Counties, the greensand
merges with the Reklaw member to form the Cane River formation
of Louisiana. It has also been traced southwestward as far as the
Frio River, Frio County. The thickness of the greensand varies
considerably from place to place, between limits of almost nothing to
as much as 150 feet in the area south of the eastern Texas geosyncline.
Some of the variations in thickness are due to local structural condi-
tions; others are of a more regional character. Variations due to
both causes are further described below.

The base of the Weches greensand is taken as the contact of the

‘glauconitic sands with the underlying gray siliceous sands and clays

of the Queen City. This contact is in many places marked by a
pronounced bench and not uncommonly is & spring horizon, but as:
both springs and benches also occur higher in the section their pres-
ence is by no means a sure guide to the contact. The only certain
method of distinguishing the contact is in fresh exposures, where
there is seldom any doubt, but on poor exposures it can often be
located correctly by noting the feel of the soil underfoot. The Weches
soil, even where there is little or no iron ore, tends to be firmer and
more harsh than the light, spongy, sandy loam that characterizes the
Queen City.

The basal contact of the Weches is more or less conformable in
eastern and northeastern Texas, but slight unconformities have been
noted in several localities. One such unconformity is illustrated in
plate 6, A, which shows horizontal beds of Queen City sand and clay
slightly truncated and overlain by beds of Weches greensand that are
somewhat inclined to the horizontal. In most places where the con-
tact is well exposed it is sharply distinct, but in a few localities there
is some evidence of interfingering between these members. In
several trenches in the Prewitt district southeast of Linden, for
instance, the lowest beds of the greensand contain a very high
proportion of buff or gray quartz sand and but little glauconitic
material. In the description of the ore deposits of the Knight-Field
(Lanier) district, in Cass County, a section is given which strongly
suggests interfingering of the beds. (See p. 109.) There iron car-
bonate, derived from greensand, occurs below & bed of clay and sand
of typical Queen City aspect.

The upper contact of the Weches is marked by a change from green-
sand, which is usually weathered and contains abundant limonitic
material, to the buff or gray quartz sand of the Sparta. A thin bed
of ferruginous sandstone is characteristically developed at the base
of the Sparta sand and serves as an excellent and unmistakable
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marker bed. As both the actual contact and the upper beds of the
Weches are in many places obscured by sandy soil that has washed
down from the overlying Sparta, the general practice among field
geologists in eastern Texas is to map the contact between the Weches
and Sparta at the highest point where ferruginous sandstone or iron-
ore gravel is found. This procedure must necessarily be altered in the
vicinity of ferruginous lentils within the Sparta. The contact appears
to be conformable in most places.

No detailed study of the mineralogic character of the greensand
has been made by the present author. In particular, the identity
of the oolitic iron silicate mineral that characterizes the greensand is
in doubt. Throughout this report the word “glauconitic’” has been
applied to this material, implying that it is related to glauconite, a
well-known mineral species that is essentially a hydrous silicate of
ferric iron and potash. Baker * has recently presented reasons for
believing that “most of the iron formation is a mixture of varying
proportions of chamosite, thuringite, and perhaps of greenalite, with
perhaps some content of glauconite present locally.” Chamogite
and thuringite are hydrous silicates of ferrous iron and alumina;
greenalite is a hydrous silicate of ferrous iron. Most of Baker’s
discussion is based on a study of chemical analyses, and while these
are important and illuminating, it should be remembered that few
if any available analyses are based on samples of the iron silicate
mineral itself, but rather on samples of the Weches greensand, which
contains an abundance of impurities in the form of quartz sand and
clay. The table below shows the results of analyses of several samples
of the Weches greensand from the North Basin. All samples repre-
sented the freshest greensand obtainable, and sample 6 represents
material made up almost wholly of oolitic silicate. Schoch ¥ records
several analyses of greensand from both the North and South Basins.
Nearly all available analyses agree in that they show too much silica
and alumina and too little potash to fit the generally accepted com-
position of glauconite. Much of the excess silica and alumina may
be due to the presence of sand and clay. Nearly all analyses show a
considerable proportion of ferrous carbonate, which indicates that the

formation of siderite was already in progress at the time the samples
were taken. If potash is extracted early in the weathering process,

-it would naturally not be present in samples that contain any consider-
able proportion of ferrous carbonate. Clarence S. Ross, in conversa-
tion with the writer, stated that the iron silicate mineral does not
have the optical characteristics of glauconite. He further stated,
however, that P. F. Kerr, of Columbia University, examined samples

1t Baker, C. L, Oxide, silicate, and carbonate iron ores of northesstern Texas in The Geology of Texas.

vol. 2. Texas Univ, Bull. 3401, pp. 427-482, 1035.
17 Schoch, E. P., Chemical analyses of Texas rocks and minerals: Texas Univ. Bull. 1814, p. 170, 1918.
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of glauconitic material from the Weches greensand by X-ray methods
and found them to give figures nearly identical with those of glau-
conite. Whatever the true character of the iron silicate mineral
may be, its chief interest in connection with this report is that it
yields iron on weathering and hence is the source of the iron-ore
deposits.

Analyses of representative samples of thg facies of Weches greensand from the North
asin

8.41 20. 06 9.32
.58

1.55 .02 1.49
45 None .38
03 .10 11
70 .79 .43
11.78 14. 65 13.12
30 .41 .42
10.03 .02 9.85
25 .26 .31

1 .12

11 11
Present | Present | Present
99. 80 99.79 100. 18

1. Fresh greensand, Surratt tract, 414 miles north of Linden, east bank of Bowman Creek.

2. Oxidized greensand, same location.

3. Fresh greensand, west bank of Bowman Creek.

4. Qutcrop in stream three-fourths mile S. 60° W. of Lanier, Cass County Greensand.

5b Outcrop in stream three-fourths mile S. 60° W. of Lanier, Cass County. Greensand indurated with
carbonate.

6. Well on Daingerfield Hill, 0.6 mile N. 45° W. of Daingerfield, Morris County. Fresh oolitic glauconite(?).

7. Water well 2 miles N. 45° W. of Hughes Springs, Cass County. Greensand with much'sand and clay.
g Analyses 1, 2, and 3by J. J. Fahey, Geo]ogwal Survey,; analyses 4, 5, 6, and 7 by J. G. Fairchild, Geological

urvey.

Lateral variations in character and composition of the greensand
are common, but in general there are two distinct facies of Weches
sediments. These facies are typically developed in the two parts
of the eastern Texas geosyncline for which the names ‘“North Basin”
and “South Basin’’ have been proposed.”® A zone that passes through
the central parts of Hartrison, Upshur, and Wood Counties (pl. 1)
appears to mark the division between these basins.

The chief differences between the Weches greensand of the North
and South Basins are summarized in the following table. The list
of primary features is followed by one noting the secondary features,
such as type of ore or behavior on weathering, which are directly
related to the original characters.

As shown on plate 1, the boundary between the North and South
Basins extends northwestw&rd from the northernmost point of Gregg
County in a direction parallel to the course of the Sabine River. There
is apparently an intermediate zone in which some gradation takes
place, the boundary not being as sharp as the single line on the map
indicates. However, the two facies are so distinct that it is nearly

18 Eckel, E.. B, and Purcell, P. E, M., The iron ores of east Texas: Texas Univ. Bull. 3401, D. 486, 1935,
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always possible to state with some certainty whether a given outcrop ‘

of ore or greensand is of the North Basin or South Basin type.. The
distinction between the facies has much practical interest, as the phys-
ical and mineralogic characters of the original greensands have had
profound effects on the quantity and character of the resulting iron
ores. Furthermore, the recognition of these facies should be of some
use to petroleum geologists, who generally consider the top of the
Weches greensand member one of the best marker horizons in eastern
Texas. In the monoclinal area south of the eastern Texas geosyncline
the Weches greensand isnot unlike the facies in the South Basin except
that it appears to contain an even higher proportion of clay and a
greater abundance of fossils.

Comparison of facties of Weches greensand

Primary features

North Basin South Basin

. Marine fossils abundant.

. No plant remains visible.

. Variations in thickness very gradual.

Average thickness 40 to 50 feet.

. Typlcally composed of glauconitic clays of uni-
form composition. Very little quartz sand.

Glauconitic grains commonly fine.

. Cross-bedding lacking.

. No areas of nondeposition.

. No marine foggils visible.

. Plants remains widespread.

Abrupt variations in thickness common.

Average thickness 25 feet or less.

. Typically composed of intermixed oolitic glaucon-
itic sand, quartz sand, 'and clay.

. Glauconitic grains commonly coarse.

. Strong cross-bedding not uncommon.

. Several areas of nondeposition.

NS CrpeIrr
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Secondary features

9. Ferruginous sandstone cap seldom cemented to 9. Ferrugmous sandstone cap always cemented to

ore.

10. Iron ore distributed throughout the section. 10. Iron org confined almost exclusively to top of
member.

11. Ore concretionary and nodular. - 11. Ore laminated or massive.

12. Ore discontinuous along outcrop. 12. Ore continuous along outerop.

13. No white clay beneath ore layers. 13. Ore bed underlain by white clay.

14. Siderite nearly always present in depth. 14. Little siderite present except locally.

15. Soils rough and gravelly. 15. Soils commonly soft except for debris from top

16. Weathered surface light brownish red to yellowish ore bed.

brown. 16. Weathered surface greenish brown to-dark red.

17. Topography rugged, with steep slopes. 17. ’I‘Of)ogrsphy less rugged, with more gentle

slopes,

The greensand of the facies found in the North Basin is olive green
to nearly black in fresh exposures, but near the surface it is commonly
altered to a light brownish-red or yellowish-brown color. It is typ-
ically composed of intermixed oolitic glauconitic sand, quartz sand,
and clay. Flakes and fragments of lignitic material are very wide-
spread but nowhere abundant. Small masses of pyrite are sporadically
distributed throughout the unweathered portions. Individual beds
are commonly from 6 inches to several feet thick, and except for
sparse lenticular bodies of light-colored clay in the weathered portions,

there 1 Little difference hetween the beds. This elay 1s believed to be
in large part of secondary origin. Horizontally bedded members
alternate with cross-bedded members in mﬁny places. The cross-
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GEOLOGICAL SURVEY BULLETIN 902 PLATE 4

EXPLANATION

Sparta sand
and sandy soil

IRON-ORE OUTCROP
Thickness unknown
_____ 0-6 inches thick

————— 7-12 inches thick

13-18 inches thick

Lo d¢pens REESE

AAAAAAAAAA 19-24 inches thick
BRIV S A 25-36 inches thick
XX XX X XXX 37 inches thick or more

State highway

This outcrop marks the contact between
the Weches greensand member of the
Mount Selman formation and the Sparta
sand. Base of Weches greensand mem-
ber not mapped. The classification of
thickness of outcropping ore is based on
the average of the maximum and mini-

mum thickness of ore as measured at a

number of points. Several small outliers

in the vicinity of Corine are not shown.
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GEOLOGICAL SURVEY BULLETIN 902 PLATE 6

A. UNCONFORMITY AT BASE OF WECHES GREENSAND MEMBER OF THE MOUNT
SELMAN FORMATION.
Road cut on highway between Linden and Atlanta half a mile north of Frazier Creek. Horizontal beds

of white and light-colored Queen City sand are truncated and overlain by greensand and limonite of the
Weches greensand. Thin ledge of limonite marks the contact.

B. EXPOSURE CHARACTERISTIC OF WECHES GREENSAND MEMBER IN THE SOUTH
BASIN, IN RAILROAD CUT 4 MILES NORTH OF JACKSONVILLE, CHEROKEE COUNTY.

Uppermost bed of brown ore, which is only 6 inches thick and is underlain by white clay, marks contact of
Weches greensand with overlying Sparta sand and surface soil. The two irregular ledges beneath top
ore bed are low-grade sand) limonite. All the greensand is thoroughly oxidized except the grass~covered
hedbnear the base, which is comparatively fresh. The thin ledge at the base of the section is impure iron
carbonate.



GEOLOGICAL SURVEY BULLETIN 902 PLATE 7

A. LOW-GRADE BROWN ORE CONTAINING MUCH PARTLY REPLACED GLAUCONITIC
MATERIAL, TO WHICH THE GRANULAR CHARACTER IS DUE.

Note the concentric structures that form about nuclei. A fragment of limonitized wood appears in lowe
right corner. From surface exposure in Waters district, northern Cass County. Natural size.

B. INTERIOR OF HIGH-GRADE LIMONITE CONCRETION.

Shows mammillary or kidney structure on inner layer of needle ore. Outer layers are somewhat spongy,
ocherous, and of lower grade. White film on inner surface is mostly opal. Near Lanier, Cass County.
Two-thirds natural size.

7



B
e

STRATIGRAPHY 27

bedded members range from 4 or 5 inches to 4 feet in thickness; the
horizontal members are rarely more than 1 foot thick. As a rule the
material in both cross-bedded and horizontal members is identical, but
locally there appears to be more clay in the horizontal beds. All the
false-bedding planes of the cross-bedded members are inclined in the
same general direction in any one locality, but observations are too
scattered to indicate regional trends. The type of bedding is that
which might be expected to form under marine conditions with the
influence of currents.

The proportion of glauconitic material in the greensand varies
between wide limits, in general directly with the thickness of the

- Weches. Thus, in the vicinity of Daingerfield, where the member is

abnormally thick, the greensand is composed almost exclusively of
glauconitic material, with little or no quartz sand or clay. Where it
is thin the Weches commonly contains much quartz sand and com-
paratively little glauconitic or clayey material. The thickness varies
widely and is dependent in large part on the structure that existed
during the deposition of the sediments. The average thickness in the
North Basin is somewhat less than 25 feet, and in but one locality is
the greensand more than 35 or 40 feet thick. This is on Daingerfield
Hill and on the ridges southwest of Daingerfield, where the greensand
ranges from 50 to 112 feet in thickness (pl. 2). The most logical
explanation of the great thickness and uniformity of the greensand
there seems to be that it was laid down in a deep, narrow trough,
which probably subsided as deposition progressed. The trough ex-
tended at least 6 miles in a north-south direction but was probably not
much more than 2 miles wide, as is shown by the thinness and more
sandy character of the deposits 2 to 3 miles east and southeast of
Daingerfield.

On structurally high areas the greensand is thinner than elsewhere
and contains more quartz sand. Likewise, along some faults the
Weches is thicker on the downthrown side, indicating that some of the
movement along the faults took place during the deposition of the
greensand. The opposite condition, where the Weches is thicker on
the upthrown side of the fault, exists on the Orrs Switch fault, in
Marion County (pl. 2), and perhaps elsewhere. The true explanation
of this condition is unknown, but it seems probable that the variations
in thickness are not directly related to the faulting but are merely
coincidental. In other words, the Weches may have been laid down in
a deep, narrow trough, similar to that at Daingerfield and of erosional
or structural origin. Later faulting along the trend of the trough
might easily leave a thick section of greensand along the upthrown
side.

- A large area from 2 to 5 miles southwest of Linden, Cass County, is
shown on plate 2 as Sparta sand and Queen City sand member
33781—38——3 '
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undivided. There is definite evidence that the Weches was never
deposited here. The greensand thins rapidly on approach to this area
and finally disappears. Separation of the two sands was not possible
in the time allotted for the work. The presence of other areas of non-
deposition of the Weches is suspected on the hills 2 miles east and 3
miles west of Linden, but the evidence is not sufficient to justify map-
ping them as such.

Most of the variations in thickness and composition are local, and
many of them are described in the section on individual ore deposits
in the final part of this report. The chief regional variation within
the North Basin is a thinning along the northwest flank of the Sabine
uplift. This is particularly well shown in northeastern Cass County,
in the area east of the Texas & Pacific Railway (pl. 2). Here the
Weches is somewhat less than 20 feet thick and, on account of a general
lack of iron ore, shows considerably less relief than that west of the
railway. The eastern type is made up of thin-bedded sand and clay
which contain small amounts of oolitic glauconitic material. Cross
bedding is of the same type as that of the facies characteristically
developed in the North Basin. The member is light-colored and i=
similar In many respects to the underlying Queen City sand. The
difference in cross bedding and the presence of ferruginous sandstone
and a little limonite-gravel in the Weches are the chief criteria that
were used in mapping the two formations in this area.

The facies of the Weches developed in the South Basin (pl. 6, B) is
bluish green to olive green in fresh exposures, but the weathered parts
are greenish brown to red. The greensand is typically composed of
beds, -6 inches to 2 feet thick, of intermixed oolitic glauconitic sand
and greenish glauconitic clay, with very little quartz sand and no
lignitic material. The glauconitic sand and clay are characteristically
more or less segregated into small irregular masses, which give a
mottled appearance to the unaltered beds, but neither constituent is
anywhere entirely free of the other. The oolites are small and even
sized and usually possess a concentric structure. Fossils are abundant
in places. Most of the shells are small and exceedingly delicate and
are filled with glauconitic material. The calcareous shells weather
rapidly, and near the outcrop the fossils have been destroyed or are
represented only by molds. Cross bedding has not been observed.
Beds or lenticular bodies of white clay occur beneath beds of iron ore
in the weathered portions, but are believed to be of residual origin and
to be closely related to the iron ores. ~Pyrite is sporadically distributed
throughout the fresh greensand but nowhere in large amounts. The
thickness of the Weches is fairly uniform over large areas and ranges
in general from 40 to 60 feet, about twice the average thickness of the

facies of the North Basin. Some thinning occurs on most of the
structurally high areas. The greensand is remarkably uniform in
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character and composition over an enormous area, but in a few places,
notably in northeastern Henderson County and southeastern Van
Zandt County, it becomes coarser, contains a rather high proportion
of quartz sand, and approaches the facies of the North Basin in

appearance.
CONDITIONS OF SEDIMENTATION

The Weches greensand member was laid down in a long, narrow
trough, which corresponded closely to the present eastern Texas
geosyncline and probably never extended much farther than the
present outcrop indicates. The fact that the greensand thins rapidly
and becomes much more sandy near the Sabine uplift, in eastern Cass
and Marion Counties, indicates an approach to shore-line conditions
there. Evidence as to the position of the western shore line is more
obscure, but the coarser and more siliceous character of the greensand
along the western flank of the geosyncline in Henderson, Van Zandyt,
and Smith Counties indicates that the shore line was probably not
very far west of the present western limit of the Weches greensand.
In the North Basin shallower waters and more oscillatory conditions
must have prevailed than in a large part of the South Basin. This
would account for all the differences in primary features of the two
facies. The depth of the water is unknown. In the South Basin and
in the monoclinal area south of i1t the thick beds of greensand, rich in
fragile gastropod shells, indicate offshore conditions where animal life
was very abundant and where little detrital sediment. was available.
In the North Basin the rapid variations in character of the beds,.the
presence of detrital quartz sand and lignitic material, the cross bedding,
and the lack of marine fossils all indicate that the greensand was laid
down in shallow waters, probably not far below the zone of wave

action.
ECONOMIC RESOURCES

The chief economic resource of the Weches greensand member is its
iron ore. Though no iron ore is produced as such at the present
time, thousands of cubic yards of low-grade ferruginous material is
used annually in highway construction, for railroad ballast, and for
riprap on fills and bridge piers.

01l occurs in the Weches in the shallow Chireno field, southeast of
Nacogdoches, in eastern Nacogdoches County, where it has been
produced on a small scale since 1877.° The greensand is well over 100
feet thick and is commonly indurated to a hard rock with compara-
tively low porosity. The oil comes from the lower part of the section,
at depths of 70 to 400 feet, depending on topography and dip of the
beds. In the early days of the field 6- and 8-inch holes were drilled
to the producing horizon. A few wells flowed for a day or two when

¥ Sellards, E. H., Adkins, W, S., and Plummer,}F."B., The geology of Texas, vol. 1, p. 650.
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first opened, but nearly all had to be pumped or bailed, as the oil was.
viscous and seeped slowly into the holes. But few of the wells.

produced more than half a barrel of oil a day.

Throughout eastern Texas there are persistent rumors of the occur-

rence of gold deposits in the Weches greensand. On theoretical
grounds there seems to be no reason for expecting gold to occur in
more than minute quantity in a formation that was in large part laid
down by . chemical precipitation under marine conditions. No
evidence of the presence of gold was seen anywhere in the area, and
the conclusion is reached that the pyrite, or ‘“fools’ gold,” that is
sporadically distributed through the greensand has been mistaken
for gold. Several samples of the greensand, both weathered and
fresh, were taken from a supposed gold deposit several miles south-
west of Lanier, in Cass County, and assayed in the chemical labora-
tory of the United States Geological Survey. Not a trace of either

gold or silver was found. The same was true of a sample of pyritif--

erous greensand taken from a ‘“gold mine” that was recently opened
in the vicinity of Appleby, about 10 miles northeast of Nacogdoches,
This “mine” apparently never produced anything but pyrite and
greensand. '

In places the weathered portions of the greensand are indurated to

form a firm rock which finds some local use as a building stone, par--

ticularly in chimney construction. The rock is comparatively strong
but soft enough to be easily worked, and it has a rather pleasing

yellow-brown color.
Whether the greensand is of value as a fertilizer material is open

to question. The potash and phosphorus content are very low accord-
ing to most analyses. Nevertheless, the soils produced by the Weches,

particularly in those areas where no iron ore is present, are notably
more fertile than the soils from such units as the Queen City member

and the Sparta sand. The greensand is so widespread and abundant
that experiments with its use in land enrichment would seem to be

in order.
SPARTA SAND

The Sparta sand occurs on the high ridges above the Weches green-
sand and caps most of the ferruginous hills along stream divides in
the eastern Texas geosynclinal area. The outcrop continues south-
ward and southwestward for many miles. Tlhe total thicknoss of tho

Oparta rangas from 230 to 300 feet, but within the geosyncline much of
the sand has been eroded, and the remaining beds range from a few
‘inches to a maximum of about 100 feet.

The Sparta sand apparently lies conformably upon the Weches

greensand. In a few places a basal conglomerate occurs, which con-
tains rounded subangular pebbles of chert, quartzite, and silicified
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wood. The individual pebbles are commonly less than 1 inch in
diameter.

The base is placed at the contact of gray quartz sand with the weath-
ered Weches greensand. A thin bed of ferruginous sandstone, com-
posed of grains of quartz, cemented with iron hydroxide, is almost
universally. present at the contact and is an easily recognized and
almost unmistakable key bed. The sandstone, which is usually only
an inch or two and rarely more than 6 inches thick, is believed to have
been formed by the cementation of sand grains by iron-bearing solu-
tions, which rose by the force of capillarity from the underlying ferru-
ginous greensand beds. Little or no sandstone has been developed
at the contact where the Sparta is thick and the Weches has not been
weathered to form iron ore.

The Sparta consists largely of thinly laminated fine- to medium-
grained gray or buff quartz sand with some sandy clay. The clay is
more abundant in the upper part of the section. Cross bedding is
locally prominent but is not as characteristic of this formation as it is
of the Queen City sand. In most places the sand is unconsolidated
and erodes easily to rounded, uneven slopes. Small irregular masses
of pyrite were noted near the base at one or two places, and, as is
pointed out in the discussion of the origin of the ores, pyrite is prob-
ably widely but sparingly distributed throughout the sand. In the
southern part of Smith County and in the vicinity of Tyler a bed of
siliceous greensand occurs about 120 feet above the base of the Sparta
and can be traced for some distance. Most geologists consider it to be
a lentil in the Sparta, but some think it belongs to the Cook Mountain
formation. It has been named “Tyler greensand” by Wendlandt and
Knebel ® but is also known locally as “Noonday greensand.” In
places its outcrop is marked by a heavy bed of ferruginous sandstone
as much as 2 feet thick, but the greensand contains so much quartz
sand that any limonitic material derived from it would not be of ore
grade.

It is difficult to differentiate between the Sparta sand and the Queen
City sand member except by noting their relations to the Weches.
Where the Weches is missing differentiation of the sands is almost
impossible. The Sparta is typically somewhat grayer, contains less
clay, and exhibits less of the mottled appearance and cross-bedded
structure that characterizes most of the Queen City exposures. In
addition it is commonly less compact and so forms flatter slopes than
the Queen City.

The chief resources found in the Sparta sand are water near its out-
crop and oil in deep wells located on or near salt domes, as on the Clay
Creek dome in Washington County, several miles southwest of the
eastern Texas geosyncline. On the hills in eastern Texas the contact

# Wendlandt, E. A., and Knebel, G. M., op. cit., p. 1359.
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between the Sparta and Weches is a very important water horizon, and
as o rule only the wells that are dug too close to the outcrop, where
most of the Sparta sand has been eroded, fail to obtain an abundant
supply of good water (fig. 1).
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F1GURE 1.—Ideal plan and vertical section showing relation-of iron-ore deposits of eastern Texas to the local

water table. At a a thick overburden of Sparta sand and a relatively large amount of cley in Weches
greensand combine to cause a high water table near the top of the Weches and to prevent the formation
of ore except at outcrop. At & the lack of overburden and the sandy, permeable facies of the Weches

member combine to cause a low water table at the base of the Weches and to allow the formation of rich
ore throughout the hill. At ¢ and d the relative impermeability of the beds causes springs to emerge
from perched water tables during seasons of heavy precipitation. Heavy vertical lines denote water
wells. Vertical scale exaggerated.

COOK MOUNTAIN FORMATION
As the Cook Mountain formation and other deposits younger than

the Sparta sand do not appear in the eastern Texas geosynclinal area
and commonly contain little or no iron ore, they do not need further

description here,
STRUCTURAL GECLOGY
GENERAL RELATIONS

Plummer’s general statement of the relations that exist between
regional structure and the distribution of Cenozoic sediments is ap-
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plicable to the Weches greensand member of the Mount Selman for-
mation. He says: ®

Regional structure has had two marked effects on the extent and character of
the Cenozoic formations. First, the uplifts and basins determined the facies of
the sediments and lithology of the formations. The waters were deepest and the
sea remained longest in the synclinal areas. Most formations in the middle of
the troughs are made up of fine-grained muds and silts. Traced laterelly toward
an uplift, the same strata change to coarser sediments of littoral origin and merge
with continental sediments having so different an aspect that geologists have
assigned in some cases two names to the same formation. Second, the shape of
the trough in which the sediments were deposited and the shape-of the local ab-
normal structure in the basins controlled the shape of the shore line and extent of
the deposits. The outcrops of nearly a!l the formations broaden and extend land-
ward in the basin areas, narrow and bend Gulfward around the arches and uplifts,
are repeated or widened by the faults having upthrow sides on the southeast, and

" are displaced, punctured, and broken by the salt plugs.

There is little direct relationship between the structure and the de-
posits of iron ore, but the quantity, quality, and character of the iron
ores depend largely on the character of the original Weches sediments.
As these sedimentary characteristics are in large part related to the
structural conditions that existed: during Weches time, it may be said
that there is an indirect relation between the iron ores and the regional
structure.

The structural features that are of most importance from the present
viewpoint are the Sabine uplift, the -eastern Texas geosyncline, and
the monoclinal area south of the geosyncline. The upward movement
of the Sabine uplift, which probably began during Wilcox time, was in
progress during the deposition of the Claiborne sediments and was
undoubtedly the most important factor in molding the eastern Texas
geosyncline, a downwarped troughlike basin that lies on the northern
and western borders of the Sabine uplift. The trough is 30 to 50
miles in width, and its influence extends downward at least through
the Upper Cretaceous rocks. In central Anderson County and south-
ern Cherokee and Nacogdoches Counties the geosyncline is shallower
than it is farther north and it broadens into & Gulfward-dipping mono-
cline that continues far out into the present Gulf of Mexico.

Within the geosyncline the formations have been warped into
numerous gentle folds, cut in places by faults of varying degrees of
magnitude. The more regional surface structures extend downward
through the Upper Cretaceous rocks, but the minor folds are often
not true reflections of subsurface structures.

. AGE OF FAULTING AND FOLDING

The geologic age of the folding and faulting in eastern Texas cannot
be stated definitely, but most of the structural features were certainly
it Plummer, F. B., Cenozoic systems in Texas, The geology of Texas, vol. 1, Stratigraphy: Texas Univ.

Bull. 3232, pp. 525-526, 1932. See also, The geology of Texas, vol. 2, Structural and economic geology: Texas
Univ. Bull. 3401, pp. 32-72, 1935.
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in process of formation throughout most of the Eocene époch. In
general, the Eocene sediments are much thicker in the trough’ of the
geosyncline than along its flanks, indicating progressive downwarping
during their deposition. Nearly all the Eocene formations are thinner
and sandier on structural highs than in intervening synclinal areas,
indicating that the structural highs were also topographic highs at the
time of deposition. - This thinning is particularly noticeable in the
Weches greensand, but applies to other divisions as well. Thus the
Reklaw is very thin in the vicinity of the LaRue anticline, in Hender-
son County, and about the east edge of the Van anticline in Van
Zandt County. The Wilcox formation is several hundred feet thinner
on the Cayuga anticline, in Anderson County, than it is elsewhere in
the region. Along several faults the Weches greensand is much thicker
on the downthrown side, indicating considerable movement along the
faults while the greensands were being deposited.

NORTH BASIN AND SOUTH BASIN

Though the eastern Texas geosyncline is commonly regarded as a
unit, it is roughly divisible into two synclinal troughs or basins.
Through Cass, Marion, Morris, and northern Upshur Counties the
trend of the geosyncline is southwestward, but this trend shifts ab-
ruptly at the zone that separates the two facies of the Weches green-
sand developed in the North and South Basins. The dividing zone
extends from the north end of the East Texas oil field, in the extreme
northern part of Gregg County, northwestward through the Kelsey
anticline, 6 miles west of Gilmer, in Upshur County (pl. 1).

Studies of surface structure and drill records show that the struc-
tural axis of the Cretaceous rocks in the South Basin is parallel to and
almost exactly under the synclinal axis of the Eocene beds. In the
North Basin, however, the axis of the Eocene syncline is some miles
southeast of that shown by the Cretaceous formations. In both
Eocene and Cretaceous series a marked difference in lithologic char-
acteristics in the two basins is apparent, but the structural difference
is much greater in the Eocene formations.

Drill holes north of the East Texas field have penetrated the Wood-
bine sand at considerably greater depths than it occurs in the pro-
ducing area and have demonstrated a marked northerly dip in the
subsurface structure. Several wells near Jamestown, in Upshur

County, produce oil from the Woodbine sand at depths of 50 to 180
feet lower than the salt-water level in the East Texas field.??
In general the structure of the North Basin is synclinal, the beds

rising gently to the northwest north of the axis of the trough and to
the southeast toward the Sabine uplift. This regional structure is

12 Oil Weekly, vol. 73, No. 10, p. 54, and No. 13, p. 48, 1934; vol. 76, No. 2, p. 62, 1934.
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interrupted, however, by a series of anticlines and synclines, which
show no systematic orientation.

Many relatively minor folds occur within the South Basin. The
subsurface folds to which the accumulation of oil and gas in all oil
fields except the East Texas field is due are reflected in the surface
formations.

There are several faults in both basins, Their effect on the charac-
ter of the Weches greensand is discussed on page 27. The major
system in the North Basin is known as the Rodessa fault system and
comprises g series of northeastward-trending faults that can be traced
individually for distances ranging from 200 feet to several miles and
as a group through Marion and Cass Counties, Tex., into Caddo
Parish, La., and Miller County, Ark. The vertical displacements
along the faults range from a few inches to nearly 100 feet. Only a
few faults were mapped during the present investigation, but there is
strong reason to believe that many more could be discovered with
detailed studies.

The major faults in the South Basin are in the Jarvis fault system
of Anderson and Cherokee Counties and in the Mount Enterprise
fault system of Cherokee and Rusk Counties. Some of the faults in
these two systems, which also trend east or northeast, show displace-
ments of 100 feet or more on the surface and considerably greater dis-
placements in subsurface determinations.

Many of the faults, which are ordinarily very difficult to trace except
in areas where good marker beds have been displaced, are marked by
lines of rounded to subangular pebbles of chert, quartzite, or petrified
wood, usually cemented into large conglomerate boulders. Some of
the chert and certainly all of the petrified wood must have been dragged
along the faults from gravel-bearing formations, but it seems possible
that some of the chert and quartzitic material may have been formed
by the induration of siliceous sands subjected to pressure along the
faults.

THE IRON ORES

In correspondence with the two facies of the Weches greensand
there are marked differences in the physical characteristics of the
brown iron or limonitic ore of the North and South Basins. Nodules
or concretions of brown ore, which in many places have coalesced to
form layers or irregular beds, are characteristic of the North Basin
ores; light-brown laminated and massive and “buff crumbly” ores are
typically developed south of the Sabine River. In a few places,
notably near Cusseta, in northwestern Cass County, ore of the South
Basin type occurs in the northern area, and here and there concretions
of brown ore occur in the lower parts of Weches exposures in the South
Basin. In general, however, the zone between the two basins sepa-
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rates the two types of ore just as sharply as it does the differencesin
primary character of the Weches greensand. The distribution of the
ores in Cass, Marion, and Morris Counties, all in the North Basin, is
shown on plate 2. Those in the South Basin that bear most promise
occur in the vicinities of Rusk and Jacksonville, Cherokee County,
and Brownsboro, Henderson County. These areas are shown'.on
plates 3, 4, and 5. Other deposits in Anderson, Henderson, Nacog-
doches, Smith, Upshur, and other counties (pl. 1) are briefly described
below. : : S

In addition to the two types of ore that characterize the deposits of
the North and South Basins, there are two other varieties that merit
consideration. These are the carbonate ores and the conglomerate
ores. All four types are further described below.

MINERALOGY

The brown ores are essentially hydrous iron oxide of the general type
known as brown iron ore, brown hematite, or limonite. The terms
“limonite” and “limonitic’’ are used throughout this report in referring
to the principal mineral in the brown ore and to the ore itself. Several
species of hydrous ferric oxides have been recognized in the past, but
Posnjak and Merwin ® have stated that there are probably only two
true species, both of which are ferric oxide monohydrates, with a
composition indicated by the formula Fe,0; H,O. One of these
species, goethite, is crystalline; the other, limonite, is apparently
amorphous. Limonite has the same composition as goethite but also
contains variable amounts of adsorbed and capillary water. Lepido-
crocite is a polymorphic form of goethite. Other so-called mineral
species, such as turgite, are thought by Posnjak and Merwin to be
solid solutions of goethite and hematite (Fe;O;) with varying propor-

tions of enclosed or adsorbed water, F. W. Galbraith, who made

optical and X-ray examinations of the Texas brown ores, found them
to consist of about 80 to 85 percent of goethite and 15 to 20 percent of
hematite.?

The iron carbonate ore is made up of densely crystalline ferrous
carbonate, or siderite, having a composition expressed by the formula
FeCO;. At one locality near Montalba, in Anderson County, some
of the brown ore contains small bladed crystals of siderite, and in a
few places in both the North and South Basins small bladelike cavities
in the brown ore are probably negative pseudomorphs of relatively
coarsely crystalline siderite.

The chief impurities in both brown and carbonate ores are silica and
alumina, which occur in large part as quartz sand and clay or as resid-

¥ rosnjek, Kugen, and Merwin, I, I, The hydratcd (orric oxides; Am, Jour. Sci.) 4vh ser,; vol. 47) pp.

311-348, 5 figs., May 1919.
# (albraith, F. W., A microscopic study of goethite and hematite in the brown iron ores of east Texas:
Am. Mineralogist, vol. 22, pp. 1007-1015, 1937.
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ual glauconitic grains. There are but few other minerals associated
with the iron deposits. Thin films of white or clear opal, an amor-
phous form of silica with varying amounts of water, occur in places
as linings to concretions or as thin septa that fill cracks in concre-
tionary masses of brown ore.

Films and crusts of a light-green fibrous mineral, determined by
W. T. Schaller to be a hydrous iron phosphate near dufrenite in com-
position, were reported by Burchard * to occur in cavities of limonite
near Veal’s Switch, in Morris County. A very small quantity of
what appears to be the same mineral was collected by the writer at
the same locality, but no further identification has been made.

Pyrite, or iron disulphide, occurs as small nodular masses sporad-
ically distributed throughout the unaltered greensands and rarely
forms the central nucleus in concretions of carbonate. The total
amount of pyrite at any one locality is commonly small.

NODULAR OR CONCRETIONARY ORES OF THE NORTH BASIN

The nodular or concretionary type of brown ore, typically devel-
oped in the North Basin, is more abundant and in general richer in
iron than any of the other varieties. It occurs in forms of almost
endless variety, as nodular concretions or as honeycombed, botryoidal,
stalactitic, and mammillary masses. Individual concretions range
from a fraction of an inch to 1 or 2 feet in length and from ocher
yellow through various shades of brown to black in color. Most of
the concretions are irregular-shaped, but some are nearly spherical,
others are flattened ellipsoidal or biscuit-shaped, and still others are
nearly square in outline, like the one shown in plate 8, A. Though
generally hollow or partly or wholly filled with gray and brown clayey
material, some of the masses are solid limonite, and others have a
residual core of iron carbonate. A few of the hollow ones are partly
filled with liquid, and carbon dioxide gas, which is under some
pressure (pp. 49-51). :

The walls of the concretions are commonly made up of concentric
shells of limonite that differ in appearance and in degree of purity.
As a rule the inner layers are richer in iron than the outer ones and
are made up of radiating dark-brown ‘“needle ore,”” which in the hollow
concretions has a glossy black botryoidal surface. Plate 7, B, shows
a typical concretion with an outer layer of dull earthy and somewhat
spongy limonite that encloses the inner layer of kidney or needle ore.
The outer surfaces show all gradations from soft ocherous material
to hard, smooth limonite.

In places the individual concretions are distributed throughout a
matrix of weathered greensand and clay; more commonly several

3 Burchard, E. F., Iron ore in Cass, Marion, Morris, and Cherokee Counties, Tex.: U. 8. Geol. Survey
Bull. 620, p. 90, 1915,
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concretions have coalesced to form botryoidal masses of varying size,
which retain more or less evidence of the original concretions. Plate

12, B, shows a concretion with a peculiar rough surface that is some-

what suggestive:of a turtle shell. Each of the protuberances clearly
possesses a concentric structure of its own. In botryoidal masses
of limonite such as. that shown in plate 11, A, the coalesced concre-
tionary structure is seldom distinguishable except on the outer sur-
faces. Plate 7, A, shows a lump of low-grade ore that contains much
oxidized glauconitic material. The concentric rings or sworls about
hollows and other nuclei show a coalesced concretionary structure,
even though no actual concretions have been developed.

Great quantities of the brown ore occur as horizontal ledges or
lenses from a fraction of an inch to several feet in thickness. Indi-
vidual ledges rarely extend for more than a few feet, and pinch and
swell structure is common. The ledges are surrounded by weathered
greensand. Plate 9 illustrates the mode of occurrence of the ledge
ores. Close inspection of such masses commonly serves to show
that they too are made up of concretions which have either coalesced
during growth or have been cemented to a solid mass by ferruginous
material. Most of the limonite is cellular or porous and ranges
according to size of openings from a fine-grained spongy ore, similar
to that on the outer parts of the concretions shown in plates 7, B,
and 12, B, through a honeycombed or cellular type to coarsely cellular
boxwork, such as that shown in plate 8, B. The interstices between
the limonite walls may be hollow or filled with clay or oxidized green-
sand. The most noteworthy characteristics of the nodular ores as a
class are their porous, cellular nature and their extreme variability in
character and composition.

The deposits occur within the greensand in the upper parts of the

flat-topped, sand-covered hills that characterize the topography of
northeastern Texas. They are best developed near the outcrop, or

where the greensand is overlain by less than 10 to 15 feet of Sparta

sand. In some areas the central parts of the hills, where the over-
burden is thick, are barren of ore; in others only carbonate ore is

present. These relations are brought out repeatedly in the descrip-
tions of the individual districts below. The position of the water

table marks the lower limit of the brown nodular ores (fig. 1).

LAMINATED BUFF CRUMBLY ORES OF THE SOUTH BASIN

The laminated and buff crumbly ores of the South Basin, in con-
trast to the concretionary or ledge ore of the North Basin, character-
istically consist of one solid and fairly continuous bed of brown ore
at the top of the Weches greensand, with comparatively little ore in
seams and nodules below. The ore has a resinous luster and is light
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brown or buft, several shades lighter than most of the ore in the North
Basin.

At the top of the ore bed the thin ferruginous basal sandstone of the
Sparta sand is almost universally present in natural exposures. It
ranges from half an inch to 6 or 8 inches in thickness and adheres
closely to the ore bed, though it is rather easily split from the bed in
mining. The upper 2 to 6 inches of the ore bed generally has fine
open laminae parallel to the bed. Each lamina, however, is made up
of short segments an inch or two long, which are all convex down-
ward. The laminae range from a sixteenth to less than half an inch
in thickness and characteristically exhibit glossy black coatings.
Plate 10 shows a typical specimen of laminated ore. According to
Burchard * the laminated ore “is said by furnace men who have had
experience in its use to contain a higher percentage of phosphorus
than the rest of the ore in the bed.”” Only one bit of information
can be added to this statement. Analyses 36 and 37, (p. 58), of lami-
nated and buff crumbly ore, show 0.20 and 0.23 percent of phosphorus
respectively. Whether this relation would be found to hold true in a
greater number of analyses is not known.

The lower part of the ore bed, which grades upward into the lami-
nated ore to some extent, is made up of compact massive brown ore.
This is the “buff crumbly” ore. It presents a curly structure when
freshly broken and cracks and crumbles to a fine angular gravel on
weathering. Although little structure or variation in composition
is visible in the fresh ore, weathering tends to bring out a structure
resembling the coalesced concretionary structure of some of the
North Basin ores. Furthermore, the weathered crumbly ore contains
minute films of reddish clay between the particles and between con-
centric shells of the concretionlike bodies, which probably explain
the crumbly nature of the ore. Plate 11, B, shows a typical block
of South Basin ore. The sandstone cap and the laminated brown ore
are present, though poorly developed, but the curly or concretionary
structure of the buff crumbly ore is clearly shown.

The top of the ore bed is nearly horizontal, but at the base botryoi-
dal and rootlike protuberances of limonite extend downward into the
underlying clay so that the basal surface is extremely irregular. Plate
13, A, shows a well-exposed section of the South Basin ore and, besides
showing the character of the ore bed and of its irregular lower surface,
illustrates one of the difficulties that stand in the way of making
accurate measurements of thickness and hence in making reliable
estimates of tonnage. .

In a very few places both the laminated and .the buff crumbly ore
contain small spherical ‘“‘ghosts” with concentric structure that
almost certainly represent original glauconitic oolites. This feature

 Burchard, E. F., op. cit. (Bull. 620), p. 92.
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is particularly well developed in an exposure about 2% miles north-
west of Palestine, Anderson County (pl. 1), but has been recognized
in other places. Relatively coarse crystals of brown siderite were
seen in the buff crumbly ore in a few places, and in others small blade-
like hollows that are probably negative pseudomorphs after siderite
are known to occur.

A bed of nearly pure white clay lies directly beneath the ore bed.
-It is composed almost entirely of the mineral kaolinite,”” but in
places it retains ghosts of original glauconitic oolites (pl. 14, A).
The clay bed is usually somewhat thinner than the ore bed, but in
general its thickness varies with that of the ore. The lower boundary
of completely leached clay is roughly parallel to the base of the ore
bed, but a downward gradation to less altered greensand is evident in
most places. The clay bed shows only fairly well in plates 6, B,
and 13, 4, but is a prominent feature of these exposures in the field.
Similar zones of light-colored clay underlie the thin beds of limonite
that appear below the top ledge, but such clay has not been observed
where ore is absent. '

The ledge of ore that marks the top of the Weches member shows
variations in thickness within short distances, but ore occurs at the
outcrop at this horizon over an area of several hundred square miles.
Few of the outcrops seen in Smith, Henderson, Van Zandt, and north-
ern Anderson and Cherokee Counties failed to show some ore at this
horizon. The persistence of ore at the outcrop is therefore well

demonstrated; however, although intensive prospecting to prove the

existence of ore beneath the whole surface of the plateaus of Cherokee
County has never been attempted, the weight of all evidence available
at present leads to the conclusion that, except under unusual condi-
tions, ore deposits of commercial size are confined to a relatively
narrow fringe about the edges of the hills. According to well diggers
and other local residents many of the wells on the plateaus of Cherokee
and other counties in the South Basin encountered no ore or ferruginous

sandstone, though-they penetrated the upper parts of the Weches
strata. Other wells encountered the top ore bed, but nearly all such

wells are within 300 or 400 feet of the outcrop, and the overburden is

relatively thin. Cuttings were examined from numerous holes
drilled by private seismograph parties for the purpose of setting off

explosives. Some of these holes were 50 feet or more deep, and most

of them penetrated fresh greensand, but it was found that 1ron ore was
present only in the holes that were close to the outcrop of the ore bed.
Many new road cuts show the ore to be continuous through the hills,
but in all such cuts that were seen the hills were very small and over-

burden was thin or lacking. Mr. E. A. Wendlandt, of the Humble

Oil & Refining Co., writes that his own experience and that of other -

7 Galbraith, F. W., personal communication.

——
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geologists and geophysicists who have worked in the South Basin con-
firm the writer’s belief that little or no ore is present at the top of the
Weches in places where 10 to 15 feet or more of cover exists. The
relation between iron ore and thickness of cover was recognized by
Penrose many years ago but seems to have been lost sight of in recent
years, as some purchases of land and most estimates of tonnage have
been based on the assumption that the ore underlies the whole surface
of the hills. Penrose? said, “As a rule the thickness of the ore
depends, in a general way, on the thickness of the overlying sand bed, it
being thicker where the sand is less than 15 or 20 feet than where it is
greater. * * * When the overlying sands and clays reach a great
thickness, the ore grows thin and very often runs out altogether.”
There is little apparent relationship between the thickness of the
South Basin ores and the regional or local structure. The fact, how-
ever, that some of the best deposits in Cherokee County occur in the
immediate vicinity of Rusk, on a local structural high, and that the
ore thins southward, or down the dip, and finally gives out, is sugges-
tive of a relationship such as that which exists in the North Basin.
Vertical veins of limonite are common in the vicinity of some faults
and extend downward from the main ore bed at least 10 to 15 feet.
The veins range from less than an inch to about 5 feet in thickness.
They are difficult to trace and their horizontal and vertical extent is
not known. Such veins are particularly well exposed along the high-
way between Rusk and Jacksonville, Cherokee County, but they are
probably present throughout the South Basin. They commonly have
a central band of laminated ore, similar to the uppermost horizontal
ore bed but more compact, which is flanked on one or both walls by
botryoidal masses of buff crumbly ore, similar in all respects to the
main ore bed. In one vein the laminated band was flanked on one

~ side by buff crumbly ore and on the other by ferruginous sandstone,

which: gave it the appearance that would be obtained by turning a
block of South Basin ore on edge.

CARBONATE ORES

Carbonate ore is by no means as abundant as brown ore, but it is
sufficiently abundant to add materially to the ore reserves in many
districts. It is also of importance genetically in that most if not all
of the brown ore has been derived from the oxidation of carbonate.

The carbonate ore is made up of densely crystalline siderite, with
more or less silica, alumina, and other impurities. When fresh it
ranges from very light cream-colored or gray to medium gray. It
occurs as rounded, irregular nodules or as thin layers and lenses.
Individual nodules range from less than an inch to about 1 foot in
diameter. The greatest thickness of the lenses measured by the

2 Penrose, R. A. F., Jr., Texas Geol. Survey 1st Ann. Rept., for 1889, p. 67, 1390.
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writer was 9 inclies, and most of them are not over 2 or 3 inches thick.

Some carbonate nodules contain a few flakes or specks of lignitic
material near the center, and very rarely the carbonate encloses a
nucleus of pyrite. Oolitic grains of glauconitic material are rather
commonly present within both concretions and lenses. They vary
greatly in abundance between the extremes represented by massive
carbonate with few or no glauconitic grains and beds or lenses of fresh-
appearing greensand, the grains of which are merely cemented by
siderite. Some nodules exhibit traces of bedding planes which con-
form to those of the enclosing sand and clay (pl. 12, 4).

Like the brown ore, the carbonate ore is closely associated with beds
of greensand. It is present in both the North and South Basins but is
less common in the South Basin. The upper limit of the zone of
carbonate ore, which ranges from a few inches to 10 or 12 feet in
thickness, is marked by the local water table, above which the brown
ores occur. Thus carbonate is-exposed at the surface only under
exceptional conditions, as in the beds of streams where there is an
almost constant flow of water. Some of the most noteworthy of such
occurrences are in the Duncan and Knight-Field districts, near
Lanier, Cass County (pp. 106-111), and in the Morris County line
district (pp. 128-130). They are rare elsewhere.

When essentially fresh the carbonate ore is dense and contains a
minimum of pore space. When exposed to weathering, however, it
darkens in color and alters rapidly to limonite, with a great increase
in porosity. In the early stages of alteration radial shrinkage cracks
commonly form in the centers of partly altered nodules, or cracks
with a pattern similar to those in dried mud develop on the surface.
Oxidation proceeds most rapidly along the walls of the cracks or on
the outer surfaces of the concretions. The cracks develop in con-
cretions and ledges alike and apparently produce the “turtle back”
structures found on some concretions, such as that pictured in plate
12, B, and the boxwork structures that characterize many of the
brown ledge ores. Plate 12, A, shows a concretion of carbonate that
is partly altered to limonite. The increase in porosity due to alter-
ation is here obvious. h

The rate of oxidation is usually rather rapid. For instance, much
of the dark color on the carbonate core of the concretion shown in
plate 12, 4, was assumed in less than 6 months that elapsed between
sawing and photographing the specimen. Only when the material
is kept wet is oxidation retarded. : '

Aside from the basic difference in chemical and mineral composi-

tion, the chief difference between carbonate ore and nodular or con-

cretionary brown ore is the general compactness and lack of porosity
in the carbonate as compared with the cellular, highly porous imonite.



GEOLOGICAL SURVEY ; BULLETIN 902 PLATE 8

A. ANGULAR HOLLOW CONCRETION OF GOOD-GRADE LIMONITE.

Earthy material in interior is light-colored clay that is probably residual from the breaking down of the
original greensand. Waters district. Cass County. Natural size.

B. COARSE BOXWORK OR CELLULAR LIMONITE.

Limonite is dense and flinty, with suggestion of needle structure along edges of laminae. Specimen is
typical of cellular variety of brown ore, although perhaps coarser celled than the average. Harris district,
Cass County. Four-fifths natural size.
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A. VIEW ALONG PROSPECT TRENCH ON BOWIE HILL, CASS COUNTY.

Shows irregular beds of brown ore in matrix of oxidized greensand.

B. VIEW IN LARGE PROSPECT TRENCH IN HARRIS DISTRICT, SOUTHEAST OF LINDEN,
CASS COUNTY.
Shows an unusually thick concentration of brown ore. in irregular ledges and lenses, in a matrix of oxidized
greensand.
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SPECIMEN OF TYPICAL LAMINATED BROWN ORE OF SOUTH BASIN.

This type of ore commonly overlies the buff crumbly ore. From Mount Haven, Cherokee County. Natural size.
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A. BOTRYOIDAL STRUCTURE ON LIGHT-BROWN LIMONITE ON DAINGERFIELD HILL,
MORRIS COUNTY.

This ore is very similar to the buff crumbly ore of the South Basin.

B. LARGE BLOCK OF TYPICAL SOUTH BASIN BUFF CRUMBLY ORE.

Note botryoidal surface and suggestion of coalesced concretionary structure. A few fragments of the
ferruginous sandstone cap adhere to the upper surface, but the layer of laminated ore is not well developed.
Near Rusk, Cherokee County. Hammer handle is 11 inches long.
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A. POLISHED SECTION OF LIMONITE CONCRETION WITH SOLID CORE OF TRON CAR-
BONATE (BOUNDED BY RELATIVELY BROAD WHITE ZONE).

A suggestion of original horizontal bedding planes is visible in the carbonate core. Note shrinkage cracks
in carbonate and great increase in porosity on change from carbonate to limonite. Most of the darken-
ing of the carbonate took place during the 6-month period between cutting and photographing of the
specimen. Stream bed southeast of Lanier. Cass County. Two-thirds natural size.

B. CONCRETION OF SPONGY LIMONITE SHOWING PECULIAR ROUGH SURFACE.

Development of the surface pattern is apparently controlled by shrinkage cracks in the parent carbonate.
Each protuberance evidently possesses a concentric structure of its own. Harris district, Cass County.
Four-fifths natural size.
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. TYPICAL OCCURRENCE OF BROWN IRON ORE IN SOUTH BASIN.

Ferruginous sandstone cap and layer of laminated ore poorly developed. Note mammillary Jower surface
of buff crumbly ore bed, which is underlam by white clay, grading downward to oxidized greensand.
few thin seams of sandy limonite occur in lower beds. Along road cut 4 miles east of Reese, Cherokee
County.

B. UNUSUALLY LARGE BLOCKS OF BROWN IRON ORE OF SOUTH BASIN TYPE.

Ledge in extreme upper left corner is in place; other blocks have weathered out and moved a few feet down
the slope. Block in center background is 4 feet thick. Near Fry’s Gap road on Mount Haven, Cherokee
County.

C. GRAVEL PIT OPERATIONS NEAR ORRS SWITCH, MARION COUNTY.

The “gravel” is oxidized greensand containing much low-grade iron ore. Large blocks piled back of the
g & -8
shovel are mostly indurated greensand and are sold for riprap.



GEOLOGICAL SURVEY BULLETIN 902 PLATE 14

A. RELICS OF OOLITIC GREENSAND STRUCTURE IN CLAY.

The greensand is apparently altering to clay. The matrix of the unaltered greensand appears 1o be largely
kaolin stained with iron, which is leached to form white clay, while the glauconitic material itself alters to
kaolin. Plain light. Enlarged 62 diameters.

B. EXTENSIVE REPLACEMENT OF GREENSAND BY SIDERITE.

The clay matrix is almost entirely replaced and the large-grained or glauconitic material is about half
replaced by carbonate. Plain light. Enlarged 62 diameters.
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CONGLOMERATE ORES

Deposits of ferruginous conglomerate occur on hill slopes, and along
the sides of many stream valleys and are even forming today in some
stréam beds. This conglomerate is composed of pebbles of ferrugi-
nous sandstone, limonite, quartz sand, and a few quartz or chert pebbles
and fragments of silicified wood, the whole cemented by limonitic
material. Some of the recently formed conglomerate in a stream bed
near Lanier, -in Cass County, contains much fragmental carbonate
ore. This is a rare occurrence, and in view of the strong tendency
of carbonate ore to oxidize to limonite it indicates a very rapid rate
of accumulation and cementation of the conglomerate.

In places the deposits of conglomerate ore are several feet thick,
but the material is always siliceous and few if any deposits contain
more than 30 percent of metallic iron. The conglomerate is much
more abundant in the vicinity of deposits of iron ore in the Weches
greensand but is present to some extent almost everywhere and even
occurs interbedded with the Queen City sand in places. Though of
some interest in dating the formation of the iron ores in the region
(p. 55), the conglomerate has little or no potential value as an iron ore
itself, and it is not considered further in this report.

ORIGIN OF THE ORES

An understanding of the origin of the ores is essential to the esti-
mation of available reserves of iron ore. There is reason to believe
that both the concretionary ores of the North Basin and the lami-
nated ores of the South Basin were derived from the iron silicates of
the Weches greensand by weathering processes and that most of the
ore went through an intermediate carbonate stage. There were dif-
ferences in the details of the iron-enrichment process, and they are
specially marked between the two chief types of ore, but it can hardly
be doubted that the greensand was the principal original source of
iron for all the deposits.

ORIGIN OF THE NORTH BASIN ORES

In summation of the statements that were made on the preceding
pages, a generalized section through the ore deposits of the North
Basin is given below:

Generalized section through ore deposits of the North Basin
' Ft. in.

1. Unconsolidated quartz sand (Sparta).___ ... 1-20
2. Thin, hard, ferruginous sandstone (basal Sparta)_.__ 1-6
3. Greensand, thoroughly oxidized, with nodules and

ledges of brown ore. Much reddish and yellowish

clay in places. Horizon of brown iron ore.___.__. 5-20
33781—38——4
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Generalized section through ore deposits of the North Basin—Continue d

4. Greensand, partly oxidized, with nodules of siderite
(iron carbonate) somewhat altered to brown ore. F. g
Transition zone___ . __ ____________.___ U 6—12
5. Greensand, nearly fresh, partly cemented by siderite
and containing nodules or thin ledges of fresh sider-
ite. Horizon of carbonate ore__________________ 3-10
6. Greensand, fresh, unaltered______________________ 1-10
7. Light-colored quartz sand and clay (Queen City).

This section shows a progressive change downward from thoroughly
oxidized greensand and brown iron ore near the surface, through an
intermediate zone where iron carbonate appears, to fresh greensand
near the base of the Weches member. The degree of alteration varies
in actual sections between the extremes represented by completely
oxidized material and essentially unaltered greensand. This variation
is apparently due in part to variations in composition of the original
greensand but in greater part to variations in the relation of the
overburden of Sparta sand to local water-table conditions.

The thickest and richest ores commonly occur in relatively small
outliers where the Weches member has been bared by erosion or
retains only a very thin cover of Sparta sand. Next in importance
are the narrow, thinly covered spurs or ridges that project from
larger hills. In the large areas where the Weches is covered by 15
feet or more of sand good brown ore is not abundant along the outcrop,
and little or no brown ore is encountered in wells or drill holes, although
carbonate ore extends back beneath the overburden for several
bhundred feet. The central parts of the larger hills are nearly or
quite barren of ore.

As a general rule two of the chief horizons for shallow water wells
on the uplands of eastern Texas occur near the top and base of the
Weches greensand. Where the Sparta sand is more than about 12 to
15 feet thick the wells encounter water at the top of the Weches
member, but where the Weches occurs at the surface, water 1s ordi-
narily found at or near the base of the greensand. The greensands
are thus above the water table and subject to weathering only where
the cover of Sparta sand is thin. Figure 1 illustrates the general
relations between water-table conditions, extent of overburden, and
character of ore deposits. The perched water tables indicated at
¢ and d appear to be due to relative impermeability of the underlying
beds and thus vary in position with the seasons and with precipitation.
In other words, the springs which mark these perched water tables
and most of which are intermittent may be likened to overflow pipes
through which water flows only when the beds are thoroughly saturated
with water.

The top of the ground-water level is commonly at the transition
zone between units 3 and 5 shown in the generalized section above.
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Siderite occurs at the surface in a few places, but only in stream beds
or in other positions where there is sufficient water to prevent oxida-
tion. It forms most abundantly near the top of the water table and
is commonly rare or absent in the saturated, unaltered greensand.

In addition to the areal relationships outlined above, the following
facts have a bearing on the origin of the ores. Most of the spring
waters that issue from the greensand beds in the North Basin contain
small but appreciable amounts of iron and also contain both sulphate
(80,) and bicarbonate (HCO;) ions. Samples of water were taken
from two springs in the Surratt district, north of Linden, and from a
spring about a mile west of Lanier. The springs all issue from beds
within the Weches section. The waters are clear to very slightly
cloudy, tasteless, and very soft. Partial analyses were made in the
Geological Survey laboratory by E. W. Lohr, who found them to
contain 0.54, 0.11, and 0.30 part per million of iron, respectively.

The springs that give the name to the town of Hughes Springs issue
from a point at or very near the base of the Weches greensand. The
water has a moderately strong chalybeate taste and deposits a little
iron hydroxide at the surface. The water is carried through iron
pipes for a short distance, and some of the iron may be derived from
the pipe. Mr. Lohr found a sample from one of these springs to con-
tain 8.6 parts per million of iron. A more complete analysis of the
water from another of the springs in the town of Hughes Springs
follows:

Chemical analysis of water from spring at Hughes Springs, Cass County 2

Parts per

[Analysts, J. R. Bailey and A. M. McAfee] million
Silica (SiOz) ___________________________________________ 21
Iron (Fe) oo e 12
Alumipum (Al) e eeeememes 4.9
Caleium (Ca) - - - oo 49
Magnesinm (Mg) .o 4.4
Sodium (Na) e 3.4
Potassium (K) - . __ - - 2.7
Carbonate radicle (CO3) - - . .0
Bicarbonate radicle (HCOg) oo oo e 18
Sulphate radicle (SOy) - oo e 25
Nitrate radicle (NOg) - - ______._________ e e .0
Chlorine (Cl) e 5.2
Total solids. . . e 86

This analysis shows not only that iron is carried in solution by the
ground waters and hence is available for the formation of iron ore,
but- also that considerable quantities of silica and other constituents
:are removed by ground water during the weathering of the greensand.

The sulphate contained in the spring waters is undoubtedly derived

2% Gordon, C. H., Geology and underground waters of northeastern Texas: U. S. Geol. Survey Water-
.Supply Paper 276, pp. 74-75, 1911.
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from the pyrite that occurs in the Weches greensand and Sparta.
sand. Small amounts of pyrite are rather widespread, even in
partly oxidized exposures of the Weches, and it seems reasonable to
suppose that even more pyrite would be found in unaltered beds.
Pyrite in the Sparta was observed in only one locality (p. 107) but has.
been reported elsewhere by Penrose. (See p. 54.) It may well be
that careful study of unweathered Sparta sand would serve to show
the widespread presence of small quantities of the mineral.

An adequate supply of carbon dioxide is supplied to the ground
waters in part from the air and in part from decaying vegetable matter
in the soil. Though most of the ore-bearing lands of eastern Texas
support a fairly heavy cover of vegetation, the soil and humus layers.
are in general thin or absent. This is apparently due to rapid de-
composition and leaching of the organic matter in consequence of the
permeable and essentially lime-free character of the Weches and
Sparta sands. Oxidation of the humus in the soil and of the minor
amounts of organic matter in the greensand by bacteria or other
agents would supply additional carbon dioxide to the ground waters.

Students of soils have shown that the carbon dioxide content of
soil air is usually seven to eight times as great as that of atmospheric
air and that it varies directly with biochemical activity and with
seasons.® Russell ¥ cites evidence to show that from 20 to 50 grams
of carbon dioxide is evolved from different soils per square meter
per day.

The mode of origin as deduced from the above facts is as follows:
Surface waters charged with oxygen and carbon dioxide from the
air seep downward through the Sparta and Weches beds. The roots.
of plants at the surface contribute more carbon dioxide, and still
more is formed by the decay of organic matter, which uses up part
of the oxygen. Any remaining oxygen will be available to react
with pyrite, forming ferrous sulphate and sulphuric acid. The waters
thus became weak solutions of carbonic and sulphuric acid which are
able to dissolve much of the ferrous and ferric iron in the greensand.
Some silica and alumina are dissolved and transported at the same
time, but large quantities of these constituents are left behind as clay
or sand.

Ferrous carbonate, if not oxidized, can be carried in solution as
long as there is an excess of carbon dioxide. Wherever conditions.
are such that the solutions can lose carbon dioxide, solid ferrous
carbonate, or siderite, can be deposited. Such conditions occur at
the top of the water table, where the overburden is thin enough to
allow circulation of air, and near the outcrop of the beds. The same

# Comber, N. M., An introduction to the scientific study of the soil, pp, 81-84, New York, Longmans,

Green & Co., 1927.
31 Russell, E. J., Soil conditions and plant growth, pp. 311-312, New York, Longmans, Green & Co.. 1932.
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Tesult would occur when the excess carbon dioxide is used up by
Teaction with more greensand. After the deposition of siderite any
iron remaining in solution would become oxidized on reaching the
air and be deposited as brown or red oxide.

Microscopic examination of thin sections of relatively fresh and
altered greensand shows that the iron carbonate is formed in large part
by replacement of the greensand. All the samples studied were
necessarily taken at or near the surface and are, therefore, partly altered,
but they give the best approximation to the true character of the
greensand and its alteration products that is possible without deep
drilling. The first step in the alteration of the greensand is leaching
of iron from the clay matrix that surrounds the glauconitic grains.®
Further alteration is indicated by partial or complete replacement of
the matrix and of the glauconitic material by siderite. In most of the
thin sections examined by Galbraith replacement of the clay appears
to have progressed further than that of the glauconitic grains, although
in some sections (pl. 14, B) these grains are extensively replaced by
iron carbonate. In nearly all sections the siderite is partly altered to
limonite, and in some the glauconitic grains appear to have altered
directly to limonite without going through an intermediate carbonate
stage.

The suggested mechanism would lead to deposition of siderite in
open spaces, but it does not explain the evidence of replacement of
the minerals of the greensand as seen in thin sections and in the field.

Deposition of siderite can probably take place only through &
small vertical range at any one time, but seasonal and annual fluctua-
tions in the water table would allow its formation over a much greater
range during a long period of time. Siderite may be deposited about
some already formed nucleus of iron carbonate or other material,
thus building up concretions, or the carbonate may replace the inter-
stitial clay between the glauconitic grains, cementing them to a
greater or less extent. The process of carbonatization is completed
by replacement of the remaining glauconitic grains with siderite.

Field and microscopic evidence shows rather conclusively that
most if not all of the brown ore has been formed by the oxidation and
hydration of siderite, but there has been some rearrangement of
material and possibly some addition of iron. Many masses of siderite
contain grains of unreplaced glauconitic material (pl. 14, B), and some
of the brown ore, particularly that of lower grade, such as that shown
in plate 7, A, retains unmistakable ghosts and pseudomorphs of these
original oolitic grains. In general form and distribution the bodies
of carbonate and brown ore are closely similar, except that the siderite

# (talbraith, ¥. W, personal communication.
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is everywhere compact and the brown ore contains many vugs and
other openings and has a high aggregate porosity. All stages in the
alteration process are visible in the field. A shrinkage in volume of
about 27.5 percent during the change from carbonate to brown ore
is to be expected on chemical grounds ® and is clearly proved by the
field evidence (pl. 12, A).

That most of the brown ores contain about twice as much sﬂlca, and
alumina as the parent carbonate ores is in large part due to the fact.
that the removal of 30 to 40 percent of carbon dioxide causes a relative:
increase in all other constituents. It is probable also that most of the-
few published analyses of carbonate ore have been made onsamples more:
carefully cleaned than those of the brown ore. Samples of limonitic:
ore as ordinarily taken for analysis contain much oxidized glauconitic
and silica sand, which adheres to the surface of the ore fragments.

The beds or ledges of ore are formed either during the carbonate:
stage by gradual accumulation of ferrous carbonate until the con-
cretions coalesce or during the change to brown ore when water carry-
ing more iron in solution cements the original concretions into more
or less solid masses. The additional iron may possibly be derived:
from the partly altered greensand that encloses the carbonate nodules:
and ledges.

Nearly half a century ago Penrose * clearly described the change:
of carbonate to brown ore and showed that most if not all of the brown.
ore was derived from that source. He also recognized the importance:
of the position of the water table in controlling the formation of
limonite. He thought, however, that the iron carbonate was formed:

at about the same time that the greensands were laid down and did.
not attribute its formation to the alteration of the greensand by ground:

waters. The relation between the carbonate ore and the present.
water table and the field and microscopic evidence of origin by replace-
ment make it seem hardly possible that the bulk of the iron carbonate:
can be of primary origin.

The physical character of the original greensand determines in part
the character and amount of iron ore that results from weathering.
If much clay or sand are included the ore will tend to be of lower
grade on account of these impurities. But more important is the

effect which these constituents have on the physical character of the
beds and their permeability to ground water. If the beds contain so
much clay as to be relatively impermeable or if there are alternations.
of sand and clay, the movement of ground water is impeded, and rich
ores cannot form except under special conditions. But if the green-
sand is sufficiently porous and permeable to allow free circulation of
water, thick deposits of high-grade ore will usually be formed.

% Hunt, T. S., The genesis of certain iron ores; Canadian Naturalist, vol. 9, pp. 431-433, 1880.
8 Penrose, R. A. F., Jr., op. cit. pp. 79-81.

-
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There are few obvious relationships between the iron ores and the
local structural geology, but there is a tendency for the richest con-
centrations of iron ore to occur on or near structural highs rather than
in synclinal areas. This is possibly due in part to the fact that many
of the structural highs are also topographic highs and hence the green-
sands have been longer and better exposed to weathering. Apparently
of much greater importance, however, is the fact that the greensand
on structural highs commonly contains more quartz sand and is
therefore more permeable and allows freer movement of ground
waters. ' o

That there must be transportation and concentration of iron during
the formation of ore from greensand seems clear. The total volume
of material seems to remain about constant during the alteration
process, but the constituents are rearranged. Thus it is believed
that much of the light-colored clay that occurs in the oxidized parts
of the deposits is residual and due to the leaching of other constituents
from the original greensands. In other words, the volume originally
occupied by more or less homogeneous greensand is now occupied by
oxidized greensand, clay, and brown iron ore, to which a considerable
amount of iron has been added from other parts of the greensand
bgds. SECONDARY CONCENTRATION OF ORE

In many places there is a secondary concentration of brown ore
parallel to the present surface, and the surface ledge is commonly of
higher grade than the lower layers of ore. One such example is
sketched in figure 2, which also shows the lenticular character of the
ore layers within the Weches greensand and demonstrates one of the
possible errors that may be made in the estimation of ore reserves if
the thickness of ore in outcropping sections is measured. Such surface
enrichments show that there has been considerable transportation and
redeposition of iron since the present topography was developed,
. although no explanation of the cause of the enrichment is obvious.
The condition is by no means universal, but it is sufficiently wide-
spread and of so great economic importance that it should be carefully
looked for during the examination of all deposits. The possibility
that there has been enrichment casts doubt on the results of surface
sampling of the ores unless its presence or absence is definitely proved.
Furthermore, estimates of tonnage based on surface exposures where 8
single rich bed may follow the topography are very likely to be errone-
ous if the ore beds are assumed to be horizontal.

Near Lassater, Marion County (pl. 2), hollow brown-ore concretions
were found to be filled with liquid and gas, and it was hoped that they
might throw light on the problem of the origin of the iron ores. A hole
was drilled through the thick shell of one concretion by R. C. Wells,
chief chemist of the Geological Survey, who collected the included
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gas and liquid over mercury under an inverted funnel. The results of
his examination of the contents, as given below, do not afford any
correlation between these and other known facts regarding the origin

of the ores.

West
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FIGURE 2.—Section showing secondary concentration of ore parallel to present surface, accompanied by
increase in quality of the ore. This section also demonstrates the possible fallacy in basing calculations of
ore reserves on apparent thickness of ore at outcrop. Sketched from a trench near the Harris tract, §

miles southeast of Linden, Cass County.

Brown ore concretion found near Avinger, Cass County, Tex.

Total weight of original coneretion_____________ grams.. 2,793.0
Weight of empty shell after opening_____________ do.._._ 2,604 75
Volume of cavity __ - .. .. ce--  175.55
Volume of solution from cavity._ _____________._ do._.. 59. 7
Weight of contained fine siderite crystals_______ grams.. 129.0
Volume of gas from cavity and solution-cc. at 0°, 760 mm_  195. 6
Calculated gas space - - - oo oo ec. 84. 6

Analysis of gas from concretion
[Percent by volume]

CO2 e 91.1
02 ___________________________________________________ 1. 7
N; (by difference) - - - - - - ool 7.2
100. 0
Analysis of water from concretion (59.7 cc)
[Reaction: Faintly acid to litmus]
Grams per | Equiva- Grams per | Equiva-
liter lents liter lents
1.973 . 0706 2, 668 0.0752
. 055 0. 0030 1.234 . 0287
RG] L0095 L024 .0039
. 350 .0127
. 039 L0032
003 . 0046
.027 . 0012
. 1048 .1048
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Analysis of siderite from interior of cavity

Organiec matter_ _____________ ... Trace
S0 o il 0. 58
FeO . e 61. 42
MgO e 05
CaO . .. 03
MnO . e .21
CO3 (eale.) - o oo e 37. 82

Total - . e 100. 11

Another concretion, which was simply broken open, was found to
contain a fine sediment of siderite and organic matter, and a little
fluid, but this solution showed much less chloride and sulphate than
the solution in the other concretion.

ORIGIN OF THE SOUTH BASIN ORES

The origin of the South Basin ores is apparently a special case of
the situation outlined above and is related to the fact that the Weches
of the South Basin contains much more clay and is in general finer
textured than that farther north. A generalized section through the
ore deposits of this basin is given below.

Generalized section through ore deposits of the South. Basin

Ft. in

1. Unconsolidated quartz sand (Sparta) .. _.___.______.. 1-50
2. Thin hard ferruginous sandstone, ‘‘frozen” to ore

(basal Sparta)_ ... oL 1-6
3. Laminated brown ore. Iron-ore horizon_._._.______. 1-6
4. “Buff crumbly’’ or ‘““curly’”’ brown ore, with notably

irregular and botryoidal lower surface. Iron-ore

horizon_ _ _ ... 2-54
5. White clay, with upper and lower boundaries roughly

parallel to lower contact of ore bed_._.____._______ 2-18

6. Oxidized greensand, grading downward from nearly

pure light-colored clay to fresh greensand and

containing several thin beds of low-grade brown: ore

each of which is underlain by clay similar to over-

lying white clay.. ... 5-20
7. Unaltered greensand, with occasional ledges or con-

cretions of siderite near top of zone and containing

a little pyrite in places_ - .- ___. . ______. 5-20
8. Light-colored siliceous sand (Queen City).

The chief distinction between the North Basin and South Basin
ores lies in the fact that in the South Basin a single bed of ore occurs
at the top of the Weches member near the outcrop. This bed is every-
where underlain by white clay. The few thin beds of limonitic ma-
terial that occur in places below the top are sporadic in occurrence
and generally too low in grade to be of interest as iron ore, but they,
too, are underlain by white clay. In most places this clay grades
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downward to partly altered greensand. The clay exhibits relics of
the oolitic greensand structure (pl. 14, A) and is believed to represent
thoroughly leached greensand from which nearly all the iron has been
removed by ground water.

The areal distribution of the persistent brown-ore zone at the top
of the Weches and the relations that exist between this ore and the
thickness of the overlying Sparta sand have been treated in the fore-
going description of the laminated and buff crumbly ores (pp. 38-41).
Any theory of the origin of the ore must take into consideration the
persistence of the ore at the outcrop over an area of several hundred
square miles and the virtual absence:of ore where the greensand is
covered by more than 10 or 15 feet of sand.

Water-table conditions in the South Basin are similar to those in
the North Basin except that most of the hills are covered by so great
a thickness of Sparta sand that the water table is more generally
situated at or above the top of the Weches section. (See a, fig. 1.)
The finer texture of the Weches in the South Basin makes it relatively
less permeable to the flow of ground water, and lateral and vertical
variations in the character of the greensand are not as marked nor
as abrupt as those in the North Basin. This uniformity in mineral
and chemical composition has apparently led to more uniformity in
the grade and character of the resulting iron ores.

It seems reasonable to suppose that the brown ores were derived
from the Weches greensands by weathering processes in a manner
similar to that which formed the North Basin ores. The ground
waters are probably of the same general character as those in the
North Basin—that is, they contain carbon dioxide derived from the
air and from decaying vegetation and sulphuric acid derived from
oxidation of pyrite in the Sparta and Weches sands.

The waters probably begin to leach iron from the greensand at a
considerable distance away from the outcrop and carry it toward the

odgos of the hills. However, instead of deposition during lateral or

downward migration it is necessary to suppose that the complete
leaching of the greemsand to yield white clay and the deposition of

the layer of iron ore must be effected by solutions that are carried
upward by capillary force. During dry periods when the water table
near the outcrop sinks below the top of the Weches for distances
ranging from a few inches to 5 or 6 feet, water moves upward through
the capillary fringe and finally deposits the iron as siderite or as brown
ore, in part by escape of carbon dioxide and in part by evaporation
or transpiration of the water close to the surface. The excess of

silica and alumina over that left in the iron ore and white clay may be
flushed out during periods of high water table, or it may possibly be

drawn downward by the receding capillary waters when the water
table drops to still lower levels. The thin beds and crusts of brown

~
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ore that underlie the top bed are probably formed by the same process
during periods when the water table is at lower horizons.

The fine, even texture of the glauconitic clay and sand presents ideal
cconditions for the rise of water by capillarity, though it tends to
prevent downward migration of water. The iron-bearing solutions
cannot penetrate the Sparta sands and deposit limonite there because
the relative coarseness and greater poresity of the quartz sand prevent
capillary rise for more than a few inches at most. Though some
investigators have presented evidence to show that the range of capil-
lary movement is comparatively small,® it is fairly well established
that in fine-grained material, such as that of the Weches greensand .of -
the South Basin, water can rise by capillarity to heights of 5 to 10
feet.? :

Both Robinson ¥ and Harrassowitz * describe conditions similar to
those outlined above, under which an inverted soil profile may be
developed, the iron being carried toward the surface and deposited
by capillary waters.

The theory of the deposition of iron ore during periods of capillary
tise above a fluctuating water table appears to be the only one that
fully explains the presence of ore underlain by thoroughly leached
greensand at the top of the Weches and the presence of thinner but
similar layers of ore beneath the top ore bed. No ore should be
expected under heavy cover, because the water table occurs at or
above the top of the Weches section where the cover of Sparta sand is
thick. Again, even if the water table were low enough to allow
capillary rise, the water would have no means of egress to the surface,
and as it could not be removed the system would remain static, thus
preventing the continued addition of iron from solution. Ore can
therefore be formed only in areas close to the outcrop or where -the
overburden is light.

Whether all the ore has gone through the carbonate stage is not
certain. The relatively greater density and lack of porosity of the
South Basin ore suggests that it has not, but it is difficult to explain
the transportation of large quantities of iron by other means than
ferrous bicarbonate or sulphate solutions. Coarse crystals of siderite
have been observed in a few places embedded in massive brown ore
and, together with the sporadic occurrence of siderite in the lower
greensand beds, show clearly that at least some of the brown ore has
been derived from iron carbonate. Some iron may also have traveled

3 Keen, B. A., The limited role of capillarity in supplying water to plant roots: Internat. Cong. Soil
Sci. Proc., vol. 1, pp. 504-511, 1928.

3 Meinzer, O. E., The occurrence of ground water in the United States: U. S. Geol. Survey Water-
Supply Paper 489, pp. 31-38, 1923.

37 Robinson, G. W., Soils, their origin, constitution, and classification, p. 59, New York, D. Van Nostrand
Co., 1932.

3 Harrassowitz, H. H., Laterit, Material und Versuch erdgeschichtlicher Auswertung: Fortschr. Geologie
u. Paleontologie, Pand 4, pp. 253-566, 1926.
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in solution either as bicarbonate or as sulphate and been depesited i
its present form, limonite, through oxidation and removal of the
carbon dioxide at the time of depos1t10n

The vertical veins of ore that occur in places were probably formed.
by waters that abstracted iron from nearby greensand and deposited
it along fractures or faults. The general absence of white clay along
the walls of the veins suggests that the iron was transported for some
distance laterally, rather than that it was formed from the immediately
adjacent greensand ; but the similarity in structure of the veins to that.
of the horizontal ore beds indicates that they have been formed by the
same or similar processes.

No explanation of the origin of the laminated ore above the buff
crumbly ore is apparent, but it may be suggested that the laminated ore
was deposited first, by solutions somewhat richer in iron than those
which later formed the crumbly ore. Such a difference in composition
might lead to the formation of somewhat different products. Again,
the uppermost part of the Weches greensand may possibly have
consisted of thin-bedded or laminated materials including some clay,
which were replaced more or less differentially.

It is hardly possible that the iron has been derived from overlying
ferruginous formations, for the very thick overlying Sparta sand
contains but little ferrugmous material except locally.

The possibility that the iron ores are of bog origin is suggested
by some of the field relations, but careful study of all the evidence
makes this explanation seem extremely doubtful. The fact that the
iron ore occurs only near the outcrop or under thin cover is of itself
convineing evidence in opposition to the theory of bog origin. Further-
more, the existence of a plane surface sufficiently smooth to allow the
formation of a thin film of bog ore from 2 inches to 3 or 4 feet thick
over hundreds of square miles is possible but very improbable in a
series of Coastal Plain sediments.

Penrose offered still another explanation of the origin of the South
Basin ores.®*® He thought that the iron ore might have been formed
from the decomposition of pyrite or iron sulphide and ascribed only a
small part of the iron to the greensand. He said:

The natural conclusion from these facts is that the presence of iron, the removal
of shells, the alteration of glauconite, and the accompaniment of iron pyrites are
closely connected phenomena; and everything goes to show that they are not
only closely connected but are absolutely dependent on each other. The expla-
nation seems to be that the change results from the decomposition of iron pyrites.
The decomposition of this mineral gives rise to sulphate of iron and sulphuric
acid. The sulphate of iron is either carried off in surface waters or decomposed.

on the spot nto hydmus pem;\]de, the basis of the iron ore of the region. The
sulphuric acid, set free by the decomposition of the pyrites, attacks the fossil
shells, which are composed largely of carbonate of lime, and forms carbonice acid

% Penrose, R. A. F., Jr., op. cit., pp. 72-76.

=
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and sulphate of lime (gypsum). It also attacks the glauconite, decomposing it
either partially. or wholly, and converts it into the yellow indurated mass seen
everywhere in the iron-ore region. In many places, however, iron pyrite has not
produced the whole of the iron-ore bed but has been assisted by the decomposition
of the glauconite, which itself contains over 20 percent of metallic iron. When
the pyrite is absent this does not decompose easily, but the continued action on
it of sulphuric acid, from the decomposition of the.pyrites, causes it gradually to
break up into its various constitutents.

In support of his theory, Penrose recorded a section measured in a
pit 2 miles east of Alto, Cherokee County, where the beds are but
slightly altered and contain little or no iron ore. The section shows
that the sand that immediately overlies the glauconitic sand and clay
(at the top of the Weches?) contains an abundance of disseminated
pyrite and considerable lignitic material.

The theory fits all the observed facts in regard to form and character
of the iron-ore bed. Furthermore, it ascribes the ore to the action of
downward-moving waters, a somewhat simpler concept than that
advanced in this paper, which involves the rise of ground waters by
capillary force. One almost insurmountable objection to Penrose’s
theory can be made, however. There is little or no evidence to support
his thesis that enough pyrite is almost universally present at the top
.of the Weches or in the lower parts of the Sparta to explain the rela-
tively large amount of ore that occurs at this horizon. Some pyrite
is present here and there:throughout the.greensand, and: some is
‘probably also present in the Sparta sand. Very few of the many
natural and artificial exposures that have been examined by the
-‘writer or by other geologists contain enough pyrite to yield even a
thin bed of ore, to say nothing of beds 3 to 5 feet thick.

AGE OF THE ORES

. There is much evidence to show that most if not all the ores are of
-very recent origin. Unquestionably the formation of brown ores has
‘been going on since early Tertiary time. Water-worn pebbles of limo-
mitic material in the Queen City sand indicate that either just before
.or during Queen City time iron ores were being formed from older green-
sand. The formation of ores from the Weches greensand has prob-
ably gone on intermittently ever since the Weches first emerged, with
breaks due to later submergences. But the ore was formed only on
exposed areas and was eroded almost as fast as it was formed. The
presence of fresh greensand under heavy overburden and of carbonate
at or near the present water table indicates this history clearly. As
soon as the cover of Sparta sand became thin enough to allow the
formation of iron ore, the older ore at the outcrop was eroded, thus
producing an ever fresh exposure of greensand to the action of the
weather.
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SIGNIFICANCE OF GENETIC THEORIES

If the foregoing interpretations of the origin of the iron ores are
correct, they lead to several conclusions that are of importance in
prospecting or in making tonnage estimates. A close relationship.
between the best iron ores and the Weches greensand is established,
and this fact alone sharply delimits the area in which commercial de-
posits can be expected, as well as fixing the lower limit of prospecting.
That little ore is to be expected beneath heavy overburdens of sand.
seems rather clearly established both from field observations and from.
theoretical considerations. The facts that a granular phase of the
greensand in conjunction -with a low water table means in general a.
strong development of ore, and that clayey greensand, with a corre-
spondingly high water table, means a weak development of ore are of
the greatest importance. Thus a simple observation that springs issue
from the top of the Weches greensand rather than from its base leads.
directly to the expectation that the associated iron-ore deposits are
not likely to be as rich nor as thick as elsewhere.

QUALITY OF THE ORES

- As the average quality of a given deposit of iron ore, including the
character and amount of impurities, is the primary factor in deter-
mining the ultimate usefulness of the ore in the furnace, knowledge
of the grade of actual shipping ore is even more important than esti-
mates of available tonnage. If the oreis rich and contains a minimum.
of undesirable impurities, even a small deposit may eventually be
used, but if the ore is of too low grade to justify beneficiation even
very large deposits must remain untouched.

NORTH BASIN BROWN ORES

The results of analyses of samples of brown ore from various de-
posits in the North Basin are given in the following table, Nos. 1
to 35, inclusive. With the exception of two or three samples that were

specially picked to show the grade or character of some particular
type of ore, all the samples are believed to be truly representative.

As less than half of them were washed, however, direct comparison
is impossible. Where prospect pits or other openings were available

the samples represent the entire section of brown ore, but where no
such exposures were found, representative samples of the outcropping
ore were taken. The unwashed samples are probably very similar
to the lump ore that could be shipped without washing.

»
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Chemical analyses of brown iron ores in North Basin and South Basin, eastern
Texas

........ O] " ! " M " O] O]
......... ! ! (1 ® " " ! Q]
12,46 | 12,90 | 1281 | 1246 | 1310 | 11.90 | 12.82| 10,83 | 13.11
15 15 15 14 .15 .15 15 6 21
02 02 02 02 .02 .02 50 02 02
21 25 31 17 7 .22 22 22 29
03 06 03 05 .05 .03 (=) I 06
9 M ") *) (O] (O] Q] Q) Q]
Total.o...... 99.19 | 99.92 | 100.45 | 97.95 | 100.53 | 100.51 | 98.74 { 99.52 [ 09.89 | 99.92

Metallic iron (Fe)..| 42.8 52.2 51.8 49.2 49.4 52.1 49.8 49.6 42.7 46.5
Phosphorus (P)_... .10 .09 .11 . .07 . .10 .10 . .

Jdoa O} O} Q] N (O] O] O] ® m
RO a1 " " O] M " (1) .04 06
BENO 06 O} ® 0} 0] M Q] .06 08
I R, D 70 K20 (SR ORI PRSPPI DRI OSSN S 1.00 1.09
.| 10.88 9.67 10.72 12.01 11.33 11.67 | 12.80 | 13.39 10. 42 11.08
- 18 10 07 12 .16 .21 .17 1 .08 08
R 02 [ Small 50 02 .02 .02 | None 02| Small| Small
- 25 20 15 08 .18 .21 .24 76 .14 .13
- 03 04 05 05 .05 .03 .09 03 04 10
.............. O] 08 ® ® 0] ® O] O} 08 06

________ 98.41 {2100.39 | 100.39 | 100.50 [ 99.09 ( 98.66 | 99.56 | 100.28 12100.34 | ? 100. 40

Metallic iron (Fe)__| 45.2 49.0° | .59.8 43.0 42.5 40.7 49.1 42.9 48.0 4.7
Phosphorus (P).-_.. 11 .09 07 .04 . .11 3 .06 .06 .

- 4. 51 4.42 4. 94 6.38 7.65 6.13 3 64 4.04 2.41 3.93

.| 67.45 62. 30 68.82 72.20 | 66.23 66. 73 70.07 63. 64 82.93 65. 44

4O * ¢ ® ™ ® 14 40 27 40

. 13 16 21 J12 08 .14 ! 3 None | 3 None |- 3 None | 2 None

- 14 02 | None .10 04 .08 | ¢ None | 3 None |  None | 3 None

- 1.51 1.04 1.19 1.27 1.23 1.75 1.12 1.12 .7 82

_| 10.44 12,154 10.23 10.33 11. 56 11.59 | 411.55 | 410.53 | 410.60 19.76

- .08 .30 .14 .14 .20 .16 .22 .11 .1 .09

_| Small | Slight | Small | Small | Small | Small [5Present |*Present |$Present ¥ Present

- .26 .35, .21 .14 .46 .40 . .26 .1 .18

- .04 .03 .10 .09 .03 .04 .06 .07 12 .10

.......... - 09 .08 L1 .03 .05 .03 .10 .07 .08 02 .

Total. ... 2100.61 [2100.61 |2 100.87 (2100.78 |2100.63 {2 100.75 99.74 99. 84 100. 41 100. 27
Metallic iron

(Fe)_ __....._| 47.4 43.5 48.1 50.4 46.3 46. 6 49.1 44.8 58.2 47.9

Phosphorus (P) .15 .15 .09 .06 .20 .18 .09 11 .05 .08

See footnotes at end of table.
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Chemical analyses of brown iron ores in North Basin and South Basin, eastern

Texas—Continued
31 32 33 34 35 36 37 38 39 40 41
8103 - aomue 9.24| 16.16| 10.96 9.72 | 21.33|10.71| 11.05| 9.38 | 11.73 | 13.80 | 16.25

| 588 3.48 3.74 5.63 4.86 | 827 | 11.39 | 8.24 10.60 | 10.13 | 11.21
60.40 | 67.88 | 72.45 70.29 59.06 | 68.03 | 61.46 | 67.02 | 63.10 | 60.05 | 51.83

- O .27 .51 34| .07 .53 .32 .86 .27 { 2.63
.16 .11 | 8 None | 2 None | 3 None Q) ) O] [} ) O]
.08 .02 | 3 None | ¥ None | 3 None ") (1) " (O] (1) Q]
1.58 1.07 1.07 1.30 1.98 .85 2.18 2.18 1. 57 2.38 3.01
13.33 | 11.28 | 410.90 | ¢12.38 | 411.52 | 11.19 12.48 | 12.08 | 12.07 11.47 | 11.09
.10 .10 .14 .1 .30 L12 .24 28 12 .27 .18
Tr. Smail [*Present [*Present [*Present Tr. |Present| Tr. Tr. |Present .97
.28 .56 .1 .18 .14 .46 . .34 .25 . 53 .39
.03 .03 .09 L13 BUNENQ [O] [O] *) O] (0]
________ .02 .01 .06 .03 None Tr. .04 | None | None .04 .14

Total.__.|? 100. 10 |2100. 70 99.87 | 100.36 99.72 (100.10 | 99.90 ) 99.84 | 99.80 { 98.94 | 97.70

Metallic iron . . . . .
© (Fe).iaen-. 48.5 47.4 50.8 49.5 41.5 | 47.6 43.3 | 47.0 | 44.4 42.2 1 38.1

L12 .25 .08 .08 .08 .20 .23 .15 11 .23 17

1 Not determined.

3 The high totals are probably due to the fact that only 1 reprecipitation of Fe;Os was made. Any error
from retained soda would fall on the Al:Os.

3 Qualitative tests showed that either MgO or CaO if present at all in any of the samples was very small,
not over one- or two-tenths of 1 percent.

4 From loss of weight on ignition and therefore including the small amount of COj present.

$ Identified by qualitative tests, which indicate presence of two- or three-tenths of 1 percent in each sample.

1. Typical unwashed brown ore from east end of Bowie Hill, 7.5 miles north of Atlanta.

2. Typical unwashed brown ore at surface of west part of Bowie Hill.

3. Unwashed brown cre from dump of large trench on Bowie Hill.

4. Buft crumbly ore, cleaned, from outcrops on Hickory Hill, 7.5 miles northwest of Atlanta.

5,6. Typical unwashed brown ore from Bivins district, 1.5 miles west of Bivins. Ocherous and somewhat
sandy, with streaks of very good ore.

7. Typical unwashed brown ore from central part of. Waters district, 5 miles northwest of Atlanta.

" 8."Typical unwashed brown ore from Atlanta district, 1.5 miles northwest of Atlanta.

9. Low-grade unwashed brown ore from northwestern part of Surratt district, 4.5 miles north of Linden.
10. Typical unwashed brown ore from trench on west side of Bowman Creek, Surratt district.
!111‘: '(Ii‘ypica] unwashed brown ore from near surface in eastern part of Prewitt district. 6 miles southeast
of Linden.
12. Unwashed brown ore, average of six samples from various pits and trenches in central and western

part of Prewitt district. ,

13. High-grade picked concretionary ore from near surface on Nigger Hill, Jurnigan Hill district, 5 miles
south of Linden.

14. Typical cellular brown ore, unwashed, from southern part of Jurnigan Hill.

15. Representative unwashed brown ore from largest trench in Harris district. 9 miles southeast of Linden.

16. Representative sample from 7-foot thickness of brown ore near center of easternmost trench in Harris
district. 9 miles southeast of Linden. Not washed.

17. Typical unwashed brown ore from Concord School district, 8 miles west of Linden. Average of
samples from 10 pits.

18. Flinty laminated brown ore from largest hill in. Concord School district. . Picked sample.

19. Representative unwashed brown ore from John Davis district, 2 miles southwest of Linden. Average
of samples from seven pits.

L20; Representative unwashed brown ore from Lanier district. From outcrop in road 0.9 mile west of
anier. . :
21, Unwashed brown ore from western part of Hagerty Hill, on Cass and Marion County line, 8 miles

north of Jefferson.

22. Washed brown ore from small hill 2.75 miles northeast of Hughes Springs. Surface sample.

23. Washed brown ore from hill 2 miles N. 70° E. of Hughes Springs. Surface sample. Nos. 22 and 23
are representative of ore throughout the Chambers-Hughes district.

24, {i)Vgghed brown ore from trench in western part of Ed West district, 2 miles northwest of Hughes

Springs. .

25. lWashed brown ore from north end of Norwood Hill, 3.5 miles northeast of Hughes Springs. Surface
sample.
268. Washed brown ore from gravel pit half a mile northeast of Hughes Springs. Representative of clean

ore on Hooten Hill and adjacent areas. . .

fr27' ‘Washed brown ore from small deposit 2 miles due east of Hughes Springs. Representat‘ve sample
om pit. .

28. Washed brown ore from vicinity of Harris Chapel, 4 miles south of Hughes Springs. Surface sample.

29. Washed brown ore from Spring Hill district, 4 miles south of Hughes Springs. Representative of
surface ore.

30. Washed brown ore from hill 1.25 miles northeast %f %}'ingpr.c Representative of surface ore.

31, Washed hrown ore from gravel pit ai Veals Switch, Morris County. -

39, Washed brown ore from gravel pits on southeastern part of Deingerfield Hill, 1 mile northwest of

Daingerfield

33. Washed brown ore from various parts of Morris County line district. Average of six surface samples.

34. Washed brown ore from main part of Gilbert tract, Marion County. Representative sample from
old mine cut.

35. Washed light-brown flinty ore from small hill in southeastern part of Gilbert tract. Representative
surface sample.

I
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Based on 561 analyses and partial analyses, most of which represent washed samples of ore. Analyses compiled from all available sources. (See pp. 59-62.)
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- 36. Laminated brown ore from west end of Mount Haven, 2 miles west of Jacksonville, Cherokee County.
Representative of a solid 50-pound block of ore.

37. Buff crumbly ore from same locality as 36. Representative of a solid 50-pound block of ore.

38. Buff crumbly ore from road cut 4.8 miles northwest of Rusk, Cherokee County.

39. Typical brown ore, including laminated and buff crumbly varieties, from State ore mine, 2 miles
northeast of Rusk.

40. Brown ore recovered by washing representative sample from 18-foot thickness of ore-bearing material.
From road cut 1.3 miles north of Rusk.

41, Brown ore and carbonate ore recovered by washing representative sample from 28-foot thickness of
ore-bearing material. From road cut 4.8 miles north of Jacksonville.

Analyses 1-11 and 13-18 by J. J. Fahey, Geological Survey, reported November 24, 1934; analyses 12, 19-26,
31, and 32 by E. T. Erickson, Geological Survey, reported November 2, 1934; analyses 27-30 and 33-35 by
George Steiger, Geological Survey. reported November 2, 1934; analyses 36 to 41 by R. E. Stevens, Geological
Survey, reported January 8, 1935.

“Unwashed”” samples were taken by breaking off fragments of ore
from exposed surfaces. They include sand and clay that occurred in
cavities of the ore but not the sand and clay that occurred as layers
between distinct ledges or masses of brown ore. The “washed”
samples were crushed to about %-inch mesh and washed by panning
in water. No effort was made to remove lumps of hard oxidized green-
sand from the crushed samples, but all fine sand and clay were washed
out. o
An attempt was made to determine the average quality of the ores,
using all available analyses. The results are shown on plate 15. In
all, 561 complete and partlal analyses were collected. _Convenient
percentage units of the various constituents are plotted on the hori-
zontal coordinates. On the vertical coordinates are plotted the
actual number of analyses for each of these units—not the percentage
of the total number of analyses. For example, 73 of the 561 analyses
showed 53 percent of metallic iron. Significant breaks and maxima
appear in all the curves. _

. Of the 561 analyses used in compiling the iron content curve, 47,
or 8.3 percent of the total, show 58 percent or more of iron. They
probably represent carefully picked . specimens of high-grade ore.
Four hundred and twenty-three analyses, or 75.5 percent of the
total, show from 48 to 57 percent of iron. They probably represent

washed ore in large part. Seventy-five analyses, or 13.2 percent of

-the total, show 43 to 47 percent of iron and probably represent both

low-grade washed ore and high-grade unwashed ore-bearing material.
Seventeen analyses, or 3 percent of the total, show less than 43 percent
of iron. They probably represent unwashed ore-bearing material
or ferruginous sandstone. Two analyses that showed an iron content
of 25.22 and 26.59 percent respectlvely, were excluded from the
compilation.

The silica content curve is based on 197 ana]yses, 128 of which,
or 65 percent of ‘the total, show 12 percent or less of silica. The
alumina content curve is- based on 194 analyses, 161 of which, or
83 percent of the total, show 7 percent or less of alumina. The:insol-
uble content curve. is based on 283 analyses, 244 of which, or 81 per-
cent of the total show 15 percent or less of 1nsoluble matema] The
msoluble content, as. commonly determined, is usually somewhat

33781—38——6 R
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less than the sum of silica and alumina. In the analyses used for
compiling this curve silica and alumina were not determined separately.
The phosphorus content curve is based on 361 analyses, of which 235,
or 65 percent of the total, show 0.10 percent or less of phosphorus.
Twenty-six analyses, which reported ‘‘traces” of phosphorus were
-excluded. The sulphur content curve is based on 204 analyses, of
which 163, or 80 percent of the total, show 0.10 percent or less of
sulphur. Three analyses showing sulphur content of 0.46, 0.62, and
0.99, respectively, and 7 analyses which reported ‘‘traces’” of sulphur
were excluded in the compilation. The manganese content curve
is based on 183 analyses, 131 of which, or 71.5 percent of the total,
show from 0.15 to 0.30 percent manganese. ' '
The curves do not show the relations between the various con-
stituents, but with the exception of phosphorus and sulphur, which
appear to vary independently, all the constituents may be said to
vary inversely with the percentage of iron. This type of treatment
seems much more desirable than an arithmetical average of all the
analyses, as it shows the range in content of all the important con-
stituents as well as indicating the average grade of the ore. The
sources of the analyses are given below. '

Source of analyses used in making up plate 15

Number
Source ‘Character of samples of analy-
ses
Penrose, R. A. F., Jr., Texas Geol. Sur- | Representative samples, unwashed, probably all 14
;'g% 1st Ann. Rept., for 1889, pp. 65-86, from surface exposures. .
Dumble, E. T., Kennedy, William, | Representative samples, unwashed, from all com- 57
and others, Texas Geol. Survey 2d. mercially valuable deposits in North Basin. Prob-
Ann. Rept., for 1890, pp. 7-326, 1891. ably all from surface exposures.
Schoch, E. P., Chemical analyses of | Samples, unwashed (?), from various_ localities. g9
Texasrocks and minerals; Texas Univ. Also includes most of the analyses published by
Bull 1814, pp. 199-201, 1918. Penrose and Dumble. :
Thisreport; see table, pp. §7-59. cceeo.... 18 unwashed and 17 washed samples representative 35
of most of the commercially valuable deposits in
North Basin. Unwashed samples contain some
. clay and sand but are typical of lump ores.
East Texas Brown Ore Development | Analysesof unwashed (?) samples from various prop- 143
Co.; courtesy of Col. L. P. Feather- erties in Morris, Marion, and southwestern Cass
stone. . Counties as contained in reports of engineers to the
company. Two of the analyses represent a 600-ton
shipment of ore. Most of the others were made on
surface samples.
East Texas Iron Co.; courtesy of Messrs. | Thoroughly washed representative samples from all 276
Charles Denby, Jr., and Brandon Bar- the company’s properties in Cass County. Anpaly-
ringer. - ses made by company chemist.
Linton, Robert, Eng. and Min. Jour., | Washed samples from various deposits in North 10
vol. 96, no. 25, pp. 1153-1156, 1913. Basin. .
Other sources, mostly of a confidential | In large part each analysis represents average of a 24
nature. number of analyses, which were made on carefully
washed, truly representative samples of the entire
section of brown ore. From Cass, Marion, and
Morris Counties.

It is apparent that the analyses are based on samples selected by

several groups with widely differing viewpoints. The State and

Federal survey organizations presumably have a professional rather
than a commercial interest in the grade of the ore. On the other hand,
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groups that ‘are interested in-both acquiring and disposing of ore
lands are represented in the list. It is believed that the net result of
a compilation of many analyses from these varied sources should
approach g true picture of the range in grade of the ores. Elimination
of any one group of these analyses would not appreciably alter the
shape of the curves. .

Some of the analyses were obviously made on unwashed samples
of very low grade; others on carefully picked samples of high-grade
concretionary ore. Most of them, however, represent either washed
samples or lump ore such as would form the bulk of the shipping ores
from the district. A study of plate 15 indicates that although there
is a wide range in the composition of the North Basin ores, a large
proportion of the analyzed samples fall within the limits indicated

below.
Composition of average brown ore in North Basin

[Den’ved from plate 15]
Percent

Iron_ L. 48-57
Sl . - o oo i 5-13
Alumina____ L ___.__ 2-7
Phosphorus_ ... 0. 04-0. 12
Sulphur. el 0. 02-0. 10
Manganese . - - - - - o eollioo. 0. 15-0. 30
Water ..o 10-13

These figures are based on a great number of analyses, the ante-
cedents of many of which are known only in a general way. Whether
actual mining operations would yield a product within the range of
composition indicated seems doubtful. The general experience in
brown-ore mining is that the grade of ore indicated during prospecting
campaigns is seldom realized in actual mining operations. This
difference is diie to many causes, some of which are common to all
methods of sampling. One of the chief causes is perhaps the fact that
the small prospect samples are likely to be more carefully washed than
the shipping ores. Another factor of great importance in the Texas
field is the general occurrence of enriched ore near the present surface.
Without careful and expensive prospecting and sampling of the entire
brown-ore section, the grade of the ores as indicated by analyses is
almost certain to be deceptively high. According to a mining engineer
who has had an exceptionally good opportunity to study the Texas
deposits, the average shipping ore will probably contain about 45
percent of iron, with correspondingly high impurities. His figure is
possibly closer to the truth than that indicated by plate 15.

Observations throughout the field lead the writer to the firm convic-
tion that in general the iron ores in eastern and central Cass County
are of somewhat higher grade than those farther west and southwest.
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Detailed sampling by uniform methods throughout the district is:
essential in order to prove this statement, however.

Even though the ores may be somewhat lower in grade tha,n is.
indicated by plate 15, there is no question that they are desirable from
the furnace man’s standpoint. The iron content is well within com-
mercial limits; the manganese is relatively low, sulphur is somewhat
lower, and phosphorus is considerably lower than is usual in this class
of ores. Some of the ore, but by no means all of it, is of Bessemer
quality. Aluminga and silica are both somewhat higher than is desir-
able, however. Furthermore, the variation in content of all constitu-
ents, particularly of phosphorus and sulphur, indicates a serious lack
of uniformity in the shipping product unless very large operations and
thorough roasting of the ore to remove sulphur are adopted.

NORTH BASIN CARBONATE ORES

All available analyses of the North Basin carbonate ores are pre-
sented in the following table. The samples taken by the writer were
carefully cleaned before analysis and are therefore probably of some-
what higher grade than could be expected in the average shipping ores.
Most of the other analyses in ‘the table represent washed samples of
typical ore. The fact that much of the carbonate is partly altered to
limonite accounts for most of the variation in the content of carbon
dioxide and of ferric and ferrous iron. = At first glance the carbonate
ores seem to be of much lower grade than the brown ores, but this
difference is due largely to the presence of 25 to 35 percent of carbon
dioxide, which is easily removed by roasting the ores, leaving a product
as high in quality as the best brown ores. The wide variation in the
amount of sulphur shown by the analyses is probably due to the
presence of pyrite in some of the carbonate samples. The sporadic
occurrence of this element, which is undesirable in the furnace, is
disturbing and indicates that thorough roasting of most of the ores to
remove sulphur as well as carbon dioxide will be essential.

LSS
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Analyses of North Basin carbonate ores

Total........ 99.42 | 99.48 | 97.69 | 98.05 | 98.74 | 100.10 | 98.13 | 99.50 |____._..|.coo-.. .
Metallic iron.. 38.88 | 48.14 | 43.66 | 40.37 | 42.68 | 46.40 | 45.19 | 46.76 | 46.44 | 48.1
Phosphorus. .. .04 .02 .08 .15 .14 | None .07 .09 .05 .043
Manganese......... .18 PR -2 (R FESRUR (RSt (RN R L12 .10 .20

1 12 13 14 15 16 17 18 19 20

3 (0 7 S 10.58 | 8.01 4.85 10.34 4.26 | 10.73 | 10.37 8.25 | 13.09 10.16
L 3.16 2.93 3.00

. 200 . .
41.83 | 40.08 41.78
. 106 I U U PR

1 Water driven off below 100° C.
# Water driven off above 100° C.

1, 2. Partly oxidized cleaned carbonate ore, southeastern Morris County, 5 miles S. 30° W. of Hughes
Springs. Analyst, Charles Milton, Geological Survey, 1934.

3. Average grade cleaned carbonate ore, Surratt district, 4% miles north of Linden, Cass County. Analyst,
Jos. J. Fahey, Geological Survey, 1034.

4, 5. High-grade carbonate ore, same locality as 3.

6. Cleaned carbonate ore, Prewitt district, 6 miles southeast of Linden, Cass County. Analyst, Jos. J.
Fahey, Geological Survey, 1934.

7, 8. Cleaned carbonate ore, 1} miles southeast of Lanier, Cass County. Analysts, Jos. J. Fahey and
Charles Milton, Geological Survey, 1934,

9. Average sample cleaned carbonate ore from vicinity of Linden. Burchard, E. F., U. 8. Geol. Survey
Bull. 620, p. 86, 1915.

10-31. Washed carbonate ores from various localities in Cass, Marion, and Morris Countics. Furnished
by private companies.

SOUTH BASIN BROWN ORES

Several analyses of the main ore bed in the South Basin are given
in the table on page 58, Nos. 36-39. Many other analyses are given
by Penrose, Dumble, Kennedy, and Schoch in the publications
already cited (p. 60). Analyses 40 and 41, page 58, were made on
the material obtained by washing representative samples from the
whole oxidized portion of the Weches greensand. They are further
discussed in the description of the ore deposits of Cherokee County.
It is not possible to compile curves similar to plate 15 showing the
range in composition of the South Basin ore. First, too few analyses
are available to obtain accurate curves. In such a compilation the
greater the number of analyses the greater is the probable accuracy
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-of the final results. Second, too much confusion exists as to the
-<character of the samples. The term ‘“laminated ore” may refer to
‘the main ore bed at the top of the Weches, but it may also denote the
thin sandy laminae of brown ore that occur in the lower Weches
beds or in the Reklaw. Again, “massive brown ore” may refer to
the typical buff erumbly ore or else to concretions or masses of ore
in Weches or Reklaw beds. Trial curves that were prepared failed
to show the maxima that characterize plate 15. It is believed that
analyses 36 to 39, page 58, are typical of a large part of the main ore
bed in the South Basin. If so, the approximate range in composition
of the ores is probably represented in the table below. The figures
for sulphur and manganese in this table are based on averages of the
few published analyses known to be representative.

Probable range in composition of the South Basin laminated and buff crumbly ores

Percent

Tron . - . 42-48
Silica. - - e 10-12
Alumina_____ o ____ 8-12
Phosphorus__ o ______.__ 0. 10-0. 25
Sulphur. - .01- .20 (D)
Manganese _ - - - _ oo .15- .30 (D)
Water____ __ o ____.. L. 12-14

Production figures for ore and pig iron suggest an even lower
average grade of ore (pp. 14-15). It is clear that the South Basin
ores are by no means as desirable as those of the North Basin. They
contain less iron and more silica, alumina, and phosphorus. Doubt-
less low mining costs and the fact that the ores do not require washing
offset the lower grade to some extent.

RESERVES OF IRON ORE

The eastern and northeastern parts of Texas contain a large and
valuable reserve of brown iron ore, with some.carbonate ore. The
deposits have been known and worked sporadically for many years,
and, as a result of examinations by numerous geologists and engineers,
several estimates of available tonnage of commercial ore have been
made. These estimates range from a few hundred million tons to

more than a billion tons. In certain areas thorough prospecting
Camp&lgns have been carried on by private compamnies and have

served to provide fairly accurate figures as to the ore reserves in those
areas. Former estimates for the whole region were necessarily hased
in large part on reconnaissance studies of surface exposures only.

Through the courtesy of officials of several of the companics that are

interested in the eastern Texas iron-ore field, the results of much of
the detailed prospecting that has been done were placed at the writer’s
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disposal. In addition, he was able to map most of the important
deposits in some detail and to make reconnaissance examinations of
all the areas that showed even the least promise of containing valuable
deposits of ore. The detailed mapping has made possible a rather
definite limitation of the areas from which commercial production of
ore can be expected under reasonably predictable conditions, although
there are large and promising areas where further prospecting is
needed before more accurate estimates of the probable reserves can
be made.

The data used in estimating thé available tonnage of ore in a given
deposit are the average ratio of ore-bearing dirt in cubic yards to the
ton of iron ore recovered; the average thickness of the ore-bearing
material; the thickness of the overburden; the area of probable ore-
bearing ground; and the average grade of the ore. Where the results
of actual washing tests of the ore were available the data as to ratio
of ore to waste were used directly. In most places, however, no such
data were available, and estimates of tonnage were based on the
volume ratio between ore and waste as actually measured in all
available sections exposed in trenches, pits, or natural cuts. In still
other areas, where little accurate information could be obtained, the
figures as to ore thickness were arrived at by comparison of the
surface showings with those of better-known areas.

The method of measurement outlined above involves an assumption
as to the specific gravity of the ore in place. KExperiments with large
blocks of the laminated and buff crumbly ore of Cherokee County,
whose volume could be measured accurately by displacement of water,
showed that it weighs about 200 pounds to the cubic foot, which
corresponds to about 3,890 long tons per acre-foot. This figure has
been used in the estimation of the South Basin ores. The North
Basin ores are almost without exception more porous and less dense
than those of the South Basin. Estimates of the relative porosity
of the two types, together with averages of the information furnished
by several of the iron-ore companies, make it seem probable that the
North Basin ores will weigh about 170 pounds to the cubic foot.
This figure corresponds to about 3,300 long tons per acre-foot. In
the estimation of the North Basin ores, 3,250 long tons per acre-foot
has been used in order to provide a safety factor.

The carbonate ores are at least as dense as the South Basin brown
ores, and their apparent specific gravity is probably about the same.
As the carbonate ores appear to make up 20 percent or less of the
total ore reserve, their difference in weight is almost negligible.

The average thickness of ore-bearing material is that obtained by
measurement of all natural or artificial exposures. The ratio of ore to
waste, by volume, exclusive of overburden, ranges in the North Basin
from about 1:5 to 1:1, which would correspond, in terms more com-
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monly used, to a range from 3 cubic yards of ore-bearing material to
the long ton of ore, up to 1 cubic yard of ore-bearing material to the
long ton of ore. In general, the permissible upper limit of stripping is
considered to be equal to the total thickness of ore-bearing material

at any place, but allowances have been made for areas where the ratio.

of ore to waste is very low.

In the South Basin, where the ore is confined to a single bed, prob-
ably no concentration other than removal of the overburden and the
hard sandstone cap will be necessary.

During the field work in the South Basin measurements of minimum
and maximum thicknesses of ore were made at all available exposures;
and the averages of these measurements were used in computingore
reserves. Studies of many exposures such as that shown in plate
13, A, lead to the belief that the actual average thickness of ore at any
locality is possibly somewhat greater than the mean of the maximum
and minimum thicknesses. No area with an average overburden of
sand of more than 10 feet is considered workable except under special
conditions, such as where mining is to be carried through from one
area of less stripping to another, and even this limit has been used in
estimating the ore reserves only where there is good reason to believe
that the sand is underlain by ore.

No material that would yield washed ore containing less than an
average of 42 percent of metallic iron has been considered in making
estimates of tonnage. In the North Basin no ore that averages less
than 18 inches in thickness, exclusive of waste material that would be
removed by ordinary washing methods, has been included as “prob-
ably available” ore. In the South Basin the lower limit of “probably
available” ore is arbitrarily set at a thickness of 1 foot.

In several districts boulders and concretions of high-grade brown
ore are distributed at or very close to the surface. Such boulders are
frequently turned up by the plow in farming and are often accumulated
in large piles in the fields. Though such areas could never be mined by
large-scale machine operations, it seems probable that if a steady

market for ore were established local farmers might supply consider-
able tonnages of high-grade ore during the seasons when farm work is
slack. The estimates of reserves of “possibly available” ore in the
North Basin refer largely to ore of this character, though certain de-
posits with a very high ratio of “dirt” to ore or of low-grade ore are also
included. The figures as to ‘“‘possibly available’” ore in the South
Basin refer to deposits with an average thickness of less than 1 foot.
The estimated reserves of iron ore in the various counties, made with

the limitations set forth above; are shown in the subjoined table.

A
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Estimated reserves of iron ore in eastern Texas

Possibly
Probably [available but

available | too thinor | Totalre- |Areacovered | Areacovered

by probably |- by possibly

County now or in |low-grade for | serves (long 3 g
near future | large-scale tons) uvag%?;s)om ava(gap;:)ore
(long tons) | operations ¢
(long tons)
. North Basin
Cass:
East of 93°25" o coccoeoa. 41, 979, 000 5, 215, 000 47,194, 000 8, 000 2, 200
West of 93°25"_ ... 18, 451, 000 3, 185, 000 21, 636, 000 2, 600 1, 500
Total .....-.. 60. 430, 000 8, 400, 000 68, 830, 000 10, 600 3,700
Morris 28, 338, 000 500, 000 28, 838, 000 3, 000 500
Marion ... 5, 313, 000 1, 819, 000 7,132, 000 600 1, 600
Upshur (estimated) 4, 000, 000 1, 000, 000 5, 000, 000 800 200
Tota], North Basin........ 98, 081, 000 11,719,000 | 109, 800, 000 25, 600 9, 700
South Basin
Cherokee: .
Near Rusk__. 16, 503, 000
Near Dialville.. 12, 954, 000

Hassell Mounta 2, 626, 000
Mount Haven.... 4,376, 000
Near Reese._--. 1, 945, 000 - ——-
Other areas..-coeeocecaecas|amaameaaaaaas 2, 000
1) 7: ) 39, 404, 000 7, 000, 000 46, 404, 000 9,775 2,000
Henderson:
Near Brownsboro__._....... 1, 634, 000 3, 209, 000 4, 843,000 . 280 1,100
Other areas...-.-. O S, 2, 918, 000 2,918,000 |-coooccaoaon 1, 500
Total.. ——— 1, 634, 000 6, 127, 000 7, 761, 000 280 2, 600
Anderson......... RS . 12, 643, 000 12,643,000 |-ceooeommaaas 6, 500
‘Other counties. ... fem e 5, 000, 000 5,000,000 |- oo 500
Total, South Basin........ 41, 038, 000 25, 770, 000 66, 808, 000 10; 055 11, 600
Grand total.._o.oooooo._s | 139,119, 000 37,489,000 | 176, 608, 000 35,655 21,300

Comparison of the figures for the various counties and of the esti-
mates that have been made by other engineers will no doubt raise
questions as to the consistency and general accuracy of the above
estimates. There are unquestionably inconsistencies and inaccuracies
in the figures that cannot be eliminated without further intensive
prospecting and field study, but an effort has been made to present
estimates as fair and consistent as is possible in the light of present
knowledge. .

There is reason to believe that the figures for the North Basin
reserves are accurate within a very few percent. They are based on
detailed mapping and measurements of ore and on the results of
extensive prospecting by private companies. The question as’ to
whether the arbitrary limits as to workable thickness of ore and over-
burden that have been adopted are correct is possibly open to doubt,
but it seems more likely that actual practice would raise these limits
and so reduce the tonnage of available ore rather than increase it.

No provision is made in these figures for loss in mining or concen-
trating operations. This loss would probably amount to at least, 10
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percent of the total available ore. Furthermore, all the carbonate
ore that has been included in the figures contains from 25 to 35 per-
cent of carbon dioxide by weight. This would undoubtedly be re-
moved by roasting before the ore was shipped. Part of this expected
loss in weight is compensated in the estimates by the greater density
of the carbonate ore. The proportion of the total ore reserve that
occurs as carbonate is uncertain. There is no carbonate in many
deposits, but in a few there is more carbonate than brown ore. Prob-
ably not over 20 percent of the. ores in the North Basin are of the
carbonate variety. All the brown ores contain from 10 to 14 per-
cent of water, which might be removed by nodulizing before the ores
were shipped.

It is a safe assumption that a deduction of at least 20 percent must.
be made in the figures for the reserves of ore in the North Basin to
allow for losses in mining, concentrating, and roasting or calcining
operations. The situation with respect to the South Basin ores is
somewhat different. Several assumptions, the validity of which may
be open to question, have been made in arriving at the figures for
the probable ore reserves. First, the average thicknesses of the ore in
various districts as measured by the writer are very much less than
those reported by most other writers. So many exposures of ore
were measured during the field work on which this report is based that.
it appears extremely unlikely that the average thicknesses as given
can be very much in error. Second,it has been inferred that ore does
not extend more than an average of 500 feet from the outcrop. Field
evidence indicates that this inference is valid. That there are excep-
tions to this general rule is admitted; on the other hand, in many
places the ore pinches out within less than 500 feet. Even if it could
be shown that the ore is actually somewhat thicker than the writer’s
average, and that it extends in general much farther under cover than
is here inferred, the total ore reserves in the South Basin could not
by any stretch of the imagination be more than twice the figures given
above, or about 134,000,000 tons; and even this greater estimate

would still be far short of the figure assigned by some engineers to
comparatively small portions of the ore deposits. As the South

Basin ores do not contain carbonate and would not require washing,

the necessary correction factor for the tonnage estimates to take care
of mining loss and removal of water might possibly not exceed 12 to

15 percent. .
There 1s apparently available in the whole of eastern Texas between

150,000,000 and 200,000,000 long tons of comparatively high-grade
iron ore. These figures do not take into account an enormous ton-
nage of low-grade ferruginous material that might possibly be used
in the distant future. Fresh greensand itself contains from 20 to 25
percent of metallic iron. It is probably too low in grade ever to be

11
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used as an ore, but the oxidized greensand with which all' the browm
iron ore deposits are associated contains from 35 to 40 percent of’
iron in places in the form of limonitic crusts, veninlets, small con-
cretions, and ferruginous cement. Given a dearth of ore available
elsewhere and other necessary economic conditions, such material
might conceivably be used as iron ore. In this event, the reserves
of possibly available ore would be raised by many millions of tons.
If all the deposits of brown ore, both high and low grade, all the car-
bonate ore, all the high-grade conglomerate ore, and all the oxidized
greensand are classed as possible ore, the total reserves in the Texas
field will certainly approach if not exceed 1,000,000,000 tons. It is
the writer’s conviction, however, that the lower figures given above are
more logical and that a production of ore in excess of those figures is
hardly to be expected even in the very distant future.

DEVELOPMENT OF THE ORE DEPOSITS
PROSPECTING

During the early history of the Texas iron industry the ore needed
to supply the small furnaces was obtained from the most favorably -
exposed ledges, and no thorough prospecting was necessary. Since
early in the present century, however, most of the promising deposits
have been carefully tested by several companies, and the existence
of large reserves of ore have been proved beyond question. Bur-
chard’s description *° of the prospecting methods adopted for most of
this work is quoted below, with a few minor additions by the writer:

Systematic prospecting of a large tract of land bearing iron ore of the residual
and nodular type, such as occurs in Cass and the adjoining counties, is by no
means a simple and inexpepsive operation. A preliminary study of the tract is
first made, including examination of all the outerops and natural sections of the
iron-bearing sediments and tests by means of shallow pits and trenches in order
to determine if possible whether the expense of further investigation is warranted.
If the indications are favorable deeper prospecting may be done by means of
test pits, open trenches, and drill holes.

The information to be derived from the prospecting, supplemented by concen-
tration tests and chemical analyses, consists principally in determining the thick-~
ness of the cover, the total thickness of the ore-bearing ground, the section which
will show approximately the volume ratio of ore to barren material, the weight
ratio of ore to barren material, and the character of the ore itself.

The test pits are circular in cross section, about 3 feet in diameter, and as
much as 35 feet in depth. They require two men—one for digging, the other for
hoisting the excavated material to the surface by means of a windlass. Lump ore
from a pit is usually piled at one side, and the sand and mixed fine ore and dirt
are dumped on the other side. All the material from the pit is carefully preserved
and forms a basis for the estimation of ratio of ore to dirt. The test pits are
generally placed systematically a certain number of yards apart along lines which
gridiron the tract except, of course, where surface features such as ravines, trees,
or boulders may interfere. Records of the sections exposed by the pits are care-

«© Burchard, E. F., op. cit., pp. 98-100.
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fully kept. A valuable supplement to the test pit is the drill hole. Holes are now
‘being drilled in Cass County ore fields by means of a Keystone drilling outfit.

"The drill is operated and moved from place to place by means of a traction engine.

In the soft or partly consolidated sediments in which the ores are found the
machine drills about 90 feet a day, so that two or three holes can be sunk in a
day if not too far apart. Such drilling is much more rapid and is less expensive
than the sinking of test pits by hand. The drillings are saved on a screen, and.
the ratio of ore to dirt is determined later. The drill hole does not, of course,
yield a visible section, and in that respect is of less value than the pit or trench.
By drilling holes close to a few test pits whose sections are on record, the relative
value of the information afforded by the two types of openings soon becomes
apparent, and the engineer in charge of prospecting learns to what extent he may
depend on each type. The application of drilling to prospecting of this sort is a
comparatively new feature, and its possibilities have probably not yet been fully
realized. Drilling would seem to be a good method of preliminary prospecting,
and drilling in connection with sinking of test pits greatly reduces the number of
necessary pits and materially lessens the expense.

Prospecting by means of trenches, particularly if the trenches are Iarge and
deep, is very expensive, for the work is practically all done by hand. If a trench
is driven into a hill there is an advantage in that the excavated material may be
wheeled out on a level floor, or perhaps down grade, instead of having to be
hoisted out. A prospect trench affords a much better idea of the character of
the ore-bearing ground and of the relations of the ore deposits to the enclosing
sediments and is probably not exceeded in this respect even by the face of an
open-cut mine, for the face of the trench is cut down vertical and clean. For the
sake of economy, especially where the ore deposit is largely a residual deposit
just below the surface and where downward concentration of the limonite has
resulted in the deposition of layers and masses of ore at a fairly even distance
below and approximately parallel with the surface, a trench may be dug in steps
and thus the extreme depth at the inner end, most of which might have to be
dug in barren ground, may be avoided. If properties which contain important
deposits of ore, of proved value, are to be displayed for sale or for financing,
nothing is better than plenty of prospect trenches.

In connection with the prospecting work outlined above there should be carried
on a thorough system of recording the results, preferably one which shall show
them in as graphic a way as possible. This is effected by running careful levels
over the property, making a large-scale topographic map with 5-foot contour
intervals, and plotting each test pit or drill hole accurately on this map. Cross-
section sheets are also made on which all the test openings are shown to scale
in their relative altitudes, together with the materials passed through, distin-
guished by means of appropriate patterns. Later, when concentration tests and
ore analyses have been made, these data can be added to the cross-section sheets,
which, together with the topographic map, will then contain all the essential
data concerning each tested point on the property and enable a reasonably close
estimate to be made as to the reserves and grade of available ore.

Such systematic prospecting and recording of results is, of course, very expensive
and cannot be undertaken unless the preliminary prospecting and natural indi-
cations are highly favorable, nor unless the property is large enough to warrant:

the expense, or several small properties may be prospected together. The engi-,

neering and mechanical corps necessary for such work must have a certain amount-
of special training and knowledge of the field, in order to produce the best results.

. In prospecting laminated, bedded: ore, such as occurs in Cherokee County, the
problem is simpler than in prospecting the concretionary ores of the -counties-
farther north. It is necessary to know the thickness of the cover above the ore,
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the thickness of the ore bed, its quality, and the altitude at which it lies. As the
bed outcrops at a nearly uniform level around the plateau lands, gencrally on
steep slopes, it'is most conveniently prospected by pick and shovel on the outcrop.
Drills might be used on the level upland, but in places where the cover exceeds
10 feet mining could hardly be carried on under present conditions;. therefore
systematic prospecting of such areas would be of little use.

As a pit 30 inches in diameter yields only about half as much dirt
as one 36 inches in diameter, it is obviously to the operator’s advantage
to keep the pits as small as possible. The ground stands.well in
general and there is little danger of accident or loss of pits by caving.
Some method of dewatering the pits is usually necessary, and bailing
devices or small portable pumps should be provided. The writer
found a rope ladder with wooden rungs almost indispensable in the
‘examination of the test pits.

Washing tests to determine the ratio of ore to waste are much more
accurate and instructive than measurements of the relative volumes
of ore and waste in place, not only because the ore varies greatly in
porosity and hence in weight, but.because the results are more nearly
comparable with those that might be expected in commercial mining
and washing operations.

Except in certain localities the sinking of shafts or test pits seems
to have several advantages over drilling. The character and mode
of occurrence of the ore can actually be seen in the test pits. Further-
more, the small-diaméter drill holes may give false impressions as
to the quantity of ore present, either because they chance to strike
a few unusually thick concretionary masses, or because they happen
to penetrate an unusually lean area. In heavily wooded tracts, where
there are few trails or roads, the physmal difficulty of moving the
drilling equipment becomes both serious and expensive. More im-
‘portant than these considerations, however, is the fact that there is
apparently some discrepancy between tlie results obtained by the
two methods. Where the writer had access to rather complete shaft
and drill records, the drill records in general indicated a thicker section
of ore-bearing material but a much lower ratio of ore to waste than
the shaft records. A large part of the discrepancy is unquestionably
due to the fact that most of the drilling was done on higher ground;
where a full section of greensand was present but where the ore is
usually leaner than close to the outerop. According to some engineers
who have examined the district, however, there is a marked difference
in the results of drilling and sbafting in identical material. This
seems to be due largely to the fact that the fragments and masses of
brown ore are pushed back into the soft clay and sand matrix and
-donot come up with the drill cuttings in the proper proportion. Core
drilling would seem to have many advantages over churn drilling
except as to cost, and even this may not be a very serious item:
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Recent progress in the development of small-diameter portable core
drills for use in geophysical and other forms of petroleum prospecting
has been marked, and the costs of such work have been greatly
reduced.

MINING

Former mining operations in the North Basin were confined to the
richest outcrops of concretionary ore, and simple hand methods of
mining. were used. Wheel scrapers were used to some extent for
stripping the sand overburden. Considerable quantities of ore could
doubtless be recovered by similar hand-mining methods in the future;
in fact, much of the ore included as possible ore in the present esti-
mates of available tonnage reserves could be recovered only by such
methods. For large and continuous operations, however, cheaper
methods of handling both ore and overburden are necessary.

Phe existence of deposits of commercial ore that range from 5 to 30
feet in thickness and cover areas from a few acres to a square mile
or more in extent is now well established. It seems possible that

~large-scale steam-shovel or dragline. scraper operations may be used

to advantage in most of the districts. Plate 13, C, shows a.gravel.

pit in Marion County where shovel operations in material almost
identical with that which would be mined .as iron ore have been
successful.

In the South Basin, it is probable that few improvements could be
made on the mining methods formerly employed at Rusk. Burchard *'
describes these operations as follows: '

Mining of the bedded ore near Rusk, Cherokee County, at present not being
worked, was carried on as follows: The cover, which is mainly loose sand, was
removed by means of wheel scrapers and dumped into ravines or piled in banks on
ground from which the ore had been mined. Areas of several acres were thus
stripped at one time. The thickness of the cover stripped rarely exceeded 7 or 8

feet, but a maximum of 10 feet was noted. After the loose. cover was stripped
off, the ‘“‘sand cap,’’ or scale of ferruginous hard sandstone, half an inch to 4 inches

thick, was split loose from the top of the ore and piled up where it would not
inte;fere with: the workings. Then the ore was blasted loose from the bed, and
the lumps were pried up and broken to smaller sizes with sledges and picks and
piled ready for shipment. The ore was loaded into carts by means of forks, and
consequently much good ore in fine sizes was left on the ground. The ore of
““curly’’ structure lying in the bed below the laminated top portion tends to crumble
on weathering and is commonly referred to as the ‘“‘buff crumbly’’ ore. Probably
much ore was thus lost by being allowed to weather too long before it was carried
to the furnace. The use of forks appears at first thought to be a wasteful method,

but when it is considered that this ore contains a high percentage of alumina, the
importance of getting it up free of any underlying clay, even at the sacrifice of some
fine ore, is readily apparent. The State mines were operated by convict labor and
when in operation.were connected with the blast furnace by railroads and tram-
roads. The method of mining at the other mines near Rusk was similar to that
at the State mines but on a much smaller scale.

4 Burchard, E. F., op. cit., p. 102
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CONCENTRATION

Any method of mining that involves removal of both iron ore and
waste material must be supplemented by concentration processes, and
it is upon the success of this part of the work that the possibility of
large-scale operations in the North Basin depends in large part. The
concentration methods adopted will probably follow the lines usually
practiced in other iron ore fields, the chief steps of which are sum-
marized as follows: #

1. Hand-picking or cobbing, to separate that portion of the ore that is visibly
of high grade from the poorer material.

2. Drying, to remove excess moisture.

3. Roasting, to remove moisture from hydrated ore and sometimes water com-
bined mineralogically; to drive off carbonic acid from carbonate ores; to reduce the
percentage of sulphur in some ores; to facilitate the removal of clay, rock, and
sand by making a nonmagnetic ore magnetic; and to improve the physical features
of the ore.

4. Washing, to reduce excessive amounts of clay, sand, and rock.

5. Jigging, to accomplish the same results as washing, but with finer material.

6. Magnetic separation, to separate the strongly magnetic particles from those
that are nonmagnetic.

7. Agglomeration, to form finely divided material into lumps, either by bri-
quetting, nodulizing, or sintering.

All these processes, except possibly the last two, would be necessary
for complete success in the eastern Texas field. It may even be found
necessary to agglomerate the roasted ores, as some tests have shown
that roasting, particularly of the carbonate ores, produces a large
amount of fines and dust, which are not only objectionable in the
furnace but would cause much loss if discarded entirely.

In nearly all the districts some economy of water would be neces-
sary, but by the erection of earth dams for reservoirs and settling ponds
in ravines and the re-use of some of the water, a sufficient supply could
probably be obtained within a short distance of most of the ore
deposits. The fact that a number of natural gas and petroleum pipe

‘lines traverse the area is important snd should mean comparatively

low roasting and drying costs.

Several of the interested companies have made fairly exhaustive
tests of concentrating methods and costs, and some years ago, during
the period of greatest development and prospecting in the district,
it was the general consensus that the ore could be mined, washed,
dried, and loaded on cars at-the nearest shipping points for a cost of
about $1 a ton of washed ore.  The probable costs at the present time
are not known, but the general adoption of motor-truck transporta-
tion, advances in mining methods and machinery, and the availability
of oil and gas are probably factors favorable to similar if not lower
costs.

4 Birkinbine, J. L. W., Beneficlating iron ores; the ABC ot iron and steel, 5th ed., p. 22, Cleveland, Ohlo,
Peénton Publishing Co., 1925.
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FUTURE OF THE DISTRICT

“In considering the future of the eastern Texas iron-ore district, two
possibilities are evident. ~Either a local industry for the manufacture
of iron and steel may be established, or the ore may be shlpped to
existing iron ¢enters.

Iron-ore land in Texas is comparatively cheap, is moré or less
timbered, and present taxes are low—in fact the cost of prospecting
a given tract of land and determining the ore reserves is in general a
larger item of expense than the cost of the land itself.

On the assumptions of a fairly uniform initial cost of iron-ore lands
and mining costs per ton of recoverable iron and an expanding local
market, the chief factors that must be considered in determining the
location of a furnace are (a) cost of transportation of ore to the pro-
posed furna,ce (b) cost of transportation of fuel and flux to the furnace,
and (c) cost of tmnsportatlon of finished products to ultlmate con-
summg pomts B :

With, respect to. the cost of transportatlon of ore to the furnace a
local mdustry obviously possesses a great advantage. The _followmg
table .summarizes the important facts relating to-shipping distances
between the ore deposws and poss1ble points of f&brlcatlon in Texas.

Dmstance, in 1mles, to posszble pomts of fabrzcatzon

: . Approximate distance from railroad ! -
Alr line dis- shipping point to—
o e, s -} tancefrom | . - o : .
District deposmtto
ST A A : :| i nearest- Lo : -
railroad | Jefferson | LOXA° |° Rusk | Dallas

Bowie Hill. e 1.5-3 ) 18 135 ©7 193
Bivins “0.5-3 - 418 . 33 123 178
Surratt.. 4-5 19 34 124 179
Prewitt_ - 2-5 14 47 119 174
Jurnigan is. 34 14 47 119 174
Knight-Field_..._: ol 0.5+4 12 63 o117 172
Ohambers-Hughes ....... 1-2.5 27" 78 132 187
Hooten Hill:_.oooo... 0.5-1.5 | 27| - 784 - 132 187
Daingerfield__.._..._... 0.5-1 33 84 138 193
Oak Grove-Rock Sprmg 0-3 29 80 134 189
E/Il%g? County line___._ . 3;2 s 22 73 | 127 182
Orrs Switch-Lassater. - 0-3 1% ] 13 18
Rusk__._ 0—.'_3 105 :15{)6, 1-8 %Z%O
DIBIVIR. e oo oceeevmemcem e memmeans Lemees 1-5 100 150 g‘g llg

Mount Haven eiemeenan 0.25-2.5 %0 140 18-
BrOWNSDOIO - - e oo oeeemeeemem e e e 0.5-4 68 120 57 100

* With regard to the cost of fuel and flux, the situation is less favor-

able for a local industry. It may be taken for granted that small
charcosl furmaces will mot be used to any great extent. The iron

produced in such furnaces is of high grade, but the output is sma,
costs are high, and the supply of good charcoal timber 1s everywheré
depleted. For some years there has been a marked trend away from
small furnaces to large centralized operations. A supply of coking
coal is therefore a necessity to the establishment of an iron industry.
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The plentiful supply of lignite that occurs in the Wilcox formation
and in other formations of eastern- Texas may be.ruled out of con-
sideration - for the present, though in the future some method may
possibly :be devised. to-make them economlcally useful in the reduc-
tion of iron ores. The bituminous cosals in the vicinity of Dallas
might possibly make fairly good coke, but the sulphur content is too

_high to make them desirable for blast-furnace use.®

The nearest coking coals are those in Oklahoma and Arkansas,
about 200 miles by rail {from the center of the North Basin iron
deposits and 100 miles farther from Rusk. -A moderate-sized coke
industry was carried on at McAlester, Okla.,. for several years, but
no coke has been produced since 1910.* There is little doubt that
a sufficient-output of blast-furnace coke could be realized from this
field if the coal were washed, sorted, and properly mixed,- although
there would probably be some - difficulty in keeping the sulphur
within acceptable limits.

Limestone for flux could be obtained from the Austm chalk or
other Cretaceous formations that crop out in a semicircular belt west
and north of the Tertiary deposits of the Coastal Plain. This belt
passes “through Austin, Waco, Dallas, and Greenville, Tex., whence
it swings eastward through nortl*eastern Texas and into Ohlahoma.
and Arkansas. ;. The nearest exposure of limestone in this belt is that
at White Cl-iffs, Ark., about 60 miles north of Linden, Tex. An im-
mense supply of limestone exists in this vicinity, but -according to
analyses given by Taff # the different beds vary between wide limits
in their content. of lime and silica. Some of the beds break into
lumps: when - quarried, but most of them yield an excessive amount
of fine material that would be objectionable for furnace use. It is
probable -that only a small proportion of the available stone could
be used in the blast furnace. Purer limestone could be obtained
from the Lower Cretaceous and Carboniferous rocks in north-central
Texas and in Oklahoma and Arkansas, but these deposits are more
than. 200 milesdistant, in an air line, from the iron ore. Oyster
shells might be obtained from the Gulf coast, but the cost of the
300-mile rail haul would tend to offset the greater purity of this
type of flux.

The limestone needed as flux might possibly be obtained from some
of the interior salt domes in the South Basin, which are not far from
4 Phillips, W. B., and Worrell, S. H., The fuels used in Texas: Texas Univ. Bull. 307, pp. 48-55, 1913.

# Hendricks, T. A., Geology and coal resources of the McAlester district, Okla.: U. 8. Geol. Survey Bull.
874-A, pp. 81-82, 1937. For other data on the coals of Oklahoma and Arkansas, see Taff, J. A., The South-
western coal field: U. S. Geol. Survey 22d Ann. "Rept., Pt. 3, pp. 367-413, 1901; Collier, A. T., 'I‘he Arkansas

coal field, with reports on the paleontology by David White and G. H. Girty: U. S. Geol. Survey Bull.

326, 158 pp., 1907.
45 Taff, J. A., Chalk of southwestern Arkansas, with notes on its adaptability to the manufacture of
hydraulic cements: U. S. Geol. Survey 22d Ann. Rept., pp. 687-742, maps, 1901,

33781—38——6
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the best South Basin ore deposits. The Austin chalk and other Cre-
taceous formations have been brought to the surface on several of
these domes, particularly those in southern Smith County and central
Anderson County.* By no means all of the stoneis of fluxing grade,
and the areas of outcropping limestone are relatively small. In addi-
tion, the complicated structure that characterizes the salt domes
would necessitate careful and expensive iappingand- prospecting in
order to determine the tonnage available. Even if sufficient reserves
of desirable stone should be discovered, the faulted condition of the
rocks would tend to raise extraction costs considerably.

The third factor that must be considered, the cost of transportation
of finished products to points of consumption, is a debatable one.
The growth of industrial activity in the Southwest is unquestionably
on the increase, but it may be reasonably doubted whether for several
years in the future purely local demand will be able to support a
lggge iron and steel industry. The petroleum industry alone, in
Texas and other Southwestern States, consumes thousands of tons

of iron. and steel. annually, which are: brought in -at-high- costs-for:

freight. A local industry of moderate size could doubtless share in
this market, provided constant production and uniformity of prod-
uct were assured. The cost to local furnaces of fuel and flux would
probably be too great to allow shipment of iron to other parts of the
country where it would be in direct competition with iron from
already established producing centers.

The cost of transportation of ore to furnace is the chief factor that
will determine whether the Texas ores can be profitably shipped to
furnaces elsewhere. Such furnaces already have supplies of fuel and
- flux, and their markets are established. High railroad freight rates

have been and may easily continue to be the chief obstacle in the way
“of development of the Texas brown ores. -

Present plans for development of inland waterways may change
the transportation situation markedly. The proposed canalization of
the Trinity River should provide cheap transportation to or from the

main ore deposits of the South Basin, though rail hauls of at least 40

miles would be necessary to reach the canal. The proposal to open
the Red River to navigation and to connect it with Jefferson by way

of Caddo Lake and Cypress Creek bears much promise. Most of the
rich North Basin deposits are less than 20 miles from Jefferson, and
if this project were carried out, ore placed on barges there could reach
the Birmingham, St. Louis, or Ohio River iron centers without

unloading.

4 Hopkins, 0. B., The Palestine salt dome, Anderson County, Tex.: U. 8. Geol. Survey Bull. 661-G, pp.
253-269, 1917. Powers, Sidney, and Hopkins, O. B., The Brooks, Steen, and Grand Saline salt domes,

Smith and Van Zandt Counties, Tex.: U. 8. Geol Qurvey nu“ ” np ”0— g‘] lg pﬂwé[' glﬂﬂﬂl]

Interior salt domes of Texas: Am. Assoc. Petrolsum Geologists Bull., vol. 10, pp. 1-60, 1926.

At
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If the transportation problem should be solved, either by water-
ways or by other means, or if the local demand for iron and steel
products should expand cons1derably, there seems no good reason to
believe that the Texas iron ores could not be developed commerci-
ally at a comparatively early date. Otherwise, it seems quite likely
that they will remain dormant for many years.

DETAILED DESCRIPTIONS OF ORE DEPOSITS
DEPOSITS IN THE NORTH BASIN
CASS COUNTY

Cass County occupies the northernmost part of the eastern Texas
iron region and includes within its borders more than half the avail-
able ore reserves in the North Basin. It has an area of 951 square
miles and is drained by the Sulphur River, which forms its northern
boundary, and by the Caddo Lake drainage systems. The popu’lwa- .
tion of the county in 1930 was, according to census figures for that
-year, 30,030, of which 20,090 were classed as rural farm dwellers.
‘Of the total populatlon 35. percent- are -colored, and’ the .remainder
native white. Most of the inhabitants are descendants of settlers
‘who came from Tennessee, Alabama, and Georgia during the period
between 1840 and 1870. The largest towns are Linden, the county
seat (population 718), Atlanta (population 1,685), and Hughes
Springs (population 736). The county is served by the Texas &
Pacific, the Missouri-Kansas-Texas, and the Jefferson & North-
western Railways. Several paved highways and numerous secondary
Toads, of varying degrees of improvement, traverse the county
(pl. 2).

The chief products are cotton and lumber, though fruit and other
crops are also important. Some pettery and brick clays are pro-
-duced, largely for local. use.- Ferruginous gravel suitable for high-
‘way construction is widely distributed, and several deposits have
béen exploited, mostly for local use. One gas well was brought in
mear the eastern edge of the county in 1934, but numerous other
efforts to discover oil and gas in commercial quantity have not yet
‘met with success.

The topography of the ore-bearing part of the county, which trends
in a general southwesterly direction from Bowie Hill, near Springdale,
into Marion and Morris Counties (pl. 2), may be described as a series
-of long ridges and chains of ridges that rise from 50 to 150 feet above
‘the intervening streams and have flat or gently rolling surfaces. The
highest hills are more than 600 feet above sea level, and the lowlands
-about 200 feet. The ridges trend in a general northerly or northeast-
-erly direction and are separated by steep-sided, marrow ravines,
.occupied by small spring-fed streams or by larger and more slowly



78 BROWN IRON' ORES OF- EASTERN TEXAS

flowing creeks and bayous. The flood plains of the larger streams:
are not infrequently flooded durmg the spring rainy season. oo

Except along the northern boundary of the .county, where the
Reklaw and Wilcox sediments and possibly the Carrizo sand are ex--
posed along a narrow strip parallel to the Sulphur River, the whole:
area is occupied by the Queen City sand, Weches greensand, and
Sparta sand. The character of the greensand and its transition in
facies on approach to the Sabine uplift have been described in the-
section on stratigraphy. - More complete descriptions of certain
localities appear below.

Some of the 22 districts under which the ore deposits of Cass County
are described below are purely arbitrary subdivisions, but most of’
them are distinct areas geographically or have been established as.
separate districts by local usage. The parenthetical numbers that
follow the district names in the headings correspond with the num--
bering shown on the- ‘map (pl. 2).

BOWIE HILL DISTRICT (l)

One of the best known dep0s1ts of brown ore in Cass County is on.
Bovgle Hill, 7 miles north of Atlanta and-about 2 miles west of the
Texas &‘Paciﬁc Railway (pl. 2).. Bowie Hill is a small, flat-topped,.
steep-sided, irregularly branching plateau that reaches an altitude of
about 460 feet- above sea-level,-or 200 feet above the surrounding-
bayous (pl. 16). It forms part of the divide between-the Sulphur
River drainage system,.to the north, and-the Caddo Lake drainage-:
system, to the south. . The.hill is typical of many of .the uplands of’
eastern Texas where the felrugmous beds. of .the Weches greensand. .
have successfully resisted erosion. In one or two places on the west--
ern part of the hill small landslides have occurred, doubtless owing to-
undermining of the Queen City sands from beneath a cap of iron ore..
These areas are small and unimportant features but illustrate one of
the ways in which the iron-ore deposits are gradually disintegrated.
and removed by erosion.

- The Weches greensand 1s-30 to 35 feet tlnck on the main part of’
the hill but thins to 20 feet or less to the northwest. The greensand.

is thoroughly weathered throughout but apparently was once a typical.
mixture of oolitic glauconitic grains with minor amounts of quartz.
sand and clay. Where the Weches becomes thinner the proportion.
of quartz sand increases markedly, indicating that the thinning is due-

to difference in original deposition rather than to removal of the-

upper beds by eroston. In places the weathered greensand contains.
large quantities of reddish or yellowish clay, which may be in part.
original but is probably mostly residual from the break-down of the-
iron silicates. An apparent cross-bedding was observed in one trench,,

but it may have been due to alteration rather than to original cross--
bedding.
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The base of the Weches occurs at an altitude of 420 feet on the
northwestern part of Bowie Hill and at 440 feet near the east end
(pl. 16). ' : S

There is no Sparta sand in place on Bowie Hill except for one or two
small areas on the highest parts, where 4 or 5 feet of quartz sand and
light-colored clay overlie the weathered greensands. A thin bed of
hard ferruginous sandstone marks the contact. The overburden on
the rest of the area consists in large part of sandy soil with fragments.
of iron ore or sandstone and ranges from a few inches to about 7 feet,
but the maximum thickness is éxceptional. Variations in quantity
of ore are obviously not due to great variations in thickness of over--
burden, but it is of interest that even on this hill, where weathering-
conditions seem ideal, the ore is commonly thinner and of poorer
quality near the central part of the hill than closer to the outcrop.

By far the larger part of the iron ore occurs as lenses, beds, or con-
cretionary masses of brown ore, though according to company records.
a little carbonate ore was found in a few pits (fig. 3). The thicker
beds of brown ore usually have a mammillary lower surface and range:
from masses of small concretions to laminated beds or lenses that show
little or no evidence of concretionary structure. Veinlets of brown ore:
connect the horizontal beds in places. The ore is of good quality on.
the whole, but the presence of clay or sand within the concretions and
the almost universal coating of oxidized greensand that adheres to
masses of ore will tend to lower the grade of the final product.

The whole Weches section in the eastern part of the hill is rich
enough in ore for mining, but farther west most of the ore is confined to
a zone within 4 or 5 feet of the surface. The following sections, recorded
by Burchard,*” and figure 3 illustrate the mode of ore occurrence on
Bowie Hill. Several other sections also have been recorded by Burch-
ard.¥ (See also pl. 16.)

The brown ore on Bowie Hill is found in the top 15 to 35 feet of the highest land

on the hill. A generalized section from many test pits and prospect trenches is as
follows:

Generalized section of ore-bearing beds on Bowie Hill

Residual fragments of limonite in top soil, in places prac-  Fee
tically solid ore gravel___ .. ___________________________ 1-3
Ledge of nodular limonite, more or less solid ... __.________ %-1%

Scales and thin bands of limonite, with a few thicker layers or
ledges interlaminated with glauconitic sandy layers. The
limonite in this condition ranges from pieces of the thick-
ness of small chips up to masses 1} feet thick and is scat-
tered through yellowish to red sand and clay. It occurs in
overlapping, roughly lenticular streaks, or broken and dis-

. . . ]
continuous seams. The limonite constitutes, in the sec-
tions observed, 20 to 30 percent, by volume, of the dirt.
Thickness of limonitic sand and elay___________________ 12-15

# Burchard, E. F., op. cit., pp. 76-78.

-
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Generalized section of ore-bearing beds on Bowie Hill—Continued

Iron carbonate in nodular masses from the diameter of an
acorn up to 6 inches, or in thin irregular lenses, embedded
or interstratified in glauconitic sand and greenish-black
clay called “buckfat’” clay. The iron carbonate is in
general partly altered to limonite or to reddish hydrated
oxides of iron, which form a scale or crust of varying thick-
ness around the carbonate nucleus and along cracks which
intersect the masses. Thickness of exposed portions of Feet
the unoxidized beds_ - _ . ____.__.__ 1-5

A section of the upper portion of the ore-bearing ground measures in detail as
follows: ’

Section of cut at east end of washer trestle, Bowie Hill

Fi. in

1. Soil, roots, and limonite debris__.__._________________ 1-6
2. Limonite in layers 1 to 4 inches thick.__.._________.__ 8-12
3. Reddish-yellow sand, in part glauconitic._._.________ 9-15
4, Limonite ledge with wavy and crumpled layers. _____. 6-15
5. Yellowish-red glauconitic sand with ocherous nodules

and flakes. - - _ . .. 1%-11
6. Limonite ledge with wavy and crumpled layers inter-

stratified with a little yellowish clay and glauconitic

sand. (Nos. 4 and 6 come together, No. 5 forming a

wedge between) _________________________________ 1-5
7. Reddish clay and yellow sand, mostly glauconitic, with

ocherous nodulesandlenses__ . ____.__._____________ 1 1-3
8. Limonite in Y-inch to 2-inch bands, interstratified with

glauconitic sand and running intoocher_____________ 2-3
9. Yellow glauconitic sand, with small ocherous lenses.. - . .. - 10
10. Limonite streak running to ocher_ . _ . ______._._____. 4—1
11. Yellow glauconitie sand.____ .. ___________________ 3
12. Ocherous elay .- - o o . __. 1
13. Yellow glauconitic sand- .- ______________________ 4
14. Limonite ledge, with slightly wavy laminae containing

thin seams of ocher and glauconitic sand____._____. 1 9
15. Yellow sand, not glauconitic.._.______.___________. 1
16. Limonite ledge, base concealed . __..___ . ___________. 1

Other members besides No. 5 of this section are more or less wedge-shaped as
exposed, and the great variability in thickness and extent of all the brown-ore
members is easily demonstrated by the use of a pick.
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Section in prospect trench south of road near east end of Bowie Hill
[ Measured by E. B. Eckel}

Surface soil and sand with about 40 percent of frag- F. in.

mental brown ore__________ oo ____________ ' 18
Limonite ore, concretionary to laminated, dark brown,

with sandy surfaces.._ - - .____ 8-12
Clay, red, slightly glauconitic in places.____._..______ 18

Limonite, massive, concretionary, somewhat cellular in
places. Surfaces are coated with sand and very
wavy. A few masses of oxidized greensand as much

as 5 inches thick included inore__ - _____________ 8-14
Greensand, reddish, oxidized, with nodules of white clay )

and small irregular nodules or laminae of limonite.._ 14
Limonite, like ore beds above, but somewhat sandier_ .. 3-5

Sandstone, reddish, indurated, glauconitic. Many veins
of limonite, % to ¥ inch thick, connect ore beds above
and below. Sand is tinted brown along walls of

VEINS - - oo oo e 18
Ore, like ore beds above, with considerable glauconitie
sand in centers of concretionary masses. .. .-.__-___ %-7

(Here the section begins 85 feet nearer the slope of the
hill, near middle of trench.)

Clay, red and white mottled, glauconitic, with some
large masses of indurated greenish-brown oxidized

Limonite, concretionary, like beds above_____________
Greensand, reddish, clayey, containing a few wavy

veinlets and thin laminae of brown ore, averaging

Y-inch thiek . _ . ______ _—— 3 8
(Below this point the following beds are exposed along

the trench toward the slope of the hill.)
Greensand, yellowish, oxidized, with a few nodules of

green clay. Reddish clay increases in amount at top

and bottom of bed._______ .. 12
Limonite with much oxidized greensand. Ore cceurs as

thin crusts and plates and grades laterally within

a foot or two from nearly pure limonite to greensand

with little or no ore__ .. _ _____________ . ______.____ 10-12
Greensand, reddish, clayey, oxidized_ - . _____._____ 12-18
Limonite with oxidized greensand. Ore occurs in thin

beds, 1 to 2 inches thick, alternating with thin layers .

of sand. Ore laminae pinch and swell, and in places

whole thickness is ore of good quality.__.___.__._____ 12-14
Greensand, somewhat clayey, oxidized_ - _____________ 2 6
Limonite, concretionary, good quality, chocolate brown._ 6
Greensand and clay, reddish, glauconitic. Thickness

UNKNOWN - - - oo ?

The beds are accurately correlated between the different sections
measured, but there is no means of determining whether or not the
lower beds pinch out toward the central part of the hill. The whole
19-foot section shows about 5 feet 7 inches of ore, or 30 percent of ore
bygvolume.
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Sectton in pit on northwesterly spur of Bowie Hill

Limonite, concretionary, dark brown, apparently of good st in.

quality .. - aeo_- 6
Clay and sand, glauconitic, predominantly red, containing
a few thin laminae of sandy low-grade limonite____.___ 5 6
Limonite of good quality but containing much oxidized
glauconitic sand_ - . _ o _______ 9
Greensand, oxidized, red, somewhat clayey throughout,
but increasingly so toward base_ .. ________________._ 1 10
Limonite, concretionary, dark brown but contaminated
with much oxidized glauconitic sand- . _______________ 1
- Greensand, red, oxidized - ______.___. 1
Sand, quartz, banded red and white. Top of Queen City
sand. Exposed thickness_ .. . ___________ 2

This section shows a little more than 2 feet of ore in a total thick-
ness of less than 10 feet, or 23 percent of ore by volume.

More than 125 prospect shafts have been sunk on Bowie Hill, and
two trenches have been dug. In addition, an open cut along the north-
east edge of the hill gives good exposures for a distance of 300 feet,
and other small mining operations serve to show the quality and extent
of the ore. The 25 pits and trenches that were measured in 1934
show an average of nearly 3 feet of ore in an average depth of about
8 feet, or nearly 32 percent of ore by volume. Company records for
the same property, which are based on many more complete measure-
ments and on careful washing tests, indicate an average thickness of
17.6 feet of ore-bearing material which in 10 washing tests gave an
average recovery of 1 ton of ore from 2.6 cubic yards of material.
The area of ore-bearing land is about 200 acres.

A spur line was graded from the eastern part of Bowie Hill to con-
nect with the Texas & Pacific Railway in 1912, but the tracks were
never laid. The haul would be downhill to the railway, with a drop
of about 80 feet to the mile. Water is scarce in the vicinity of the
hill and would probably have to be pumped from the Sulphur River,
5 miles to the north, or obtained from deep wells. A well near Bowie
Hill, drilled some years ago for oil and gas, is said to have encountered
a strong flow of water, which prevented an adequate test of the gas
indications. A site for washing and concentrating works has already
been excavated on the northeast side of the hill, and any of the small
valleys might be dammed for settling ponds. There is some evidence
of surface mining on the western part of the hill, and a large open cut
has been dug along th: northeastern edge. Some of this work may
have been done to supply the old Sulphur Fork furnace, which was
built near Bowie Hill in 1864, but most of the open-cut work was done
to supply ore for test runs on an experimental washer and concentrat-
ing plant that was erected in 1911 or 1912 by the Texas Iron Associa-
tion. “Nothing remains of this plant except a concrete foundation
and the shell of a rotary-kiln ore dryer. ~
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OUTLYING DISTRICTS NEAR BOWIE KEILL

Several small outliers occur within a radius of 2 miles of Bowie
Hill. All of these are too small to work independently but they might
be tributary to workings on Bowie Hill. (See p}. 16.) The two small
knobs that occur half a mile south of the extreme west end of Bowie
Hill are covered with blocks of concretionary ore from 6 inches to 1
foot in thickness. Although no prospecting has been done here, it is
probably safe to assume that the two knobs, which have a combined
area of about 10 acres, will yield about 1 foot of ore close to the sur-
face. Hickory Hill, the two knobs of which are known locally as
Hickory Nut Mountain and Rocky Mountain, is about 2 miles west
of Bowie Hill. The highest parts of the hill, above the 420-foot con-
tour, are covered with slabs of good-quality ore that range from 10 to
18 inches in thickness. Good float ore appears along the slopes in the
uppermost 15 feet of the hill and several ledges of ore would probably
be discovered by prospect pits. The area covered by ore is only
between 30 and 40 acres, and transportation of ore would be a serious
problem. On the flat spurs that jut out from Hickory Hill at an
approximate altitude of 350 feet great quantities of conglomerate
ore appear. This material, like all the conglomerate ore elsewhere in
eastern Texas, is too siliceous to be of value.

The few small outliers of ferruginous material that appear along the
highway south of Bowie Hill, toward Queen City (pl. 2), are too low
in grade to be workable for iron ore, but they have already yielded
many cubic yards of gravel for highway construction.

WATERS DISTRICT (2)

The Waters district, about 6 miles northwest of Atlanta, on the
road between the Shadygrove and Anti School communities (pl. 2),
contains a small but valuable deposit of brown ore. The distance to
the Texas & Pacific Railway at Queen City is slightly more than 5
miles in an air line. Deposits of commercial ore are confined to the

eastern parts of a sand-covered hill that reaches a maximum altitude
of about 470 feet in the vicinity of Anti School. The iron ore occurs

at altitudes between 375 and 410 feet, about 100 feet above the level
of Black Bayou, the nearest large stream. Within the ore-bearing area
the Weches greensand is composed largely of thoroughly weathered
oolitic glauconitic material, but farther northwest and southeast it

grades rapidly by increase of quartz sand to worthless material that
contains little or no brown ore. Thus in the vicinity of Shadygrove
School large quantities of ferruginous sandstone take the place of the
good-quality iron ore of the Waters district. The greensand is fairly
well indurated and forms blocks several feet in maximum diameter.
The Weches is 30 to 40 feet thick, but only at the upper horizons has
ore been formed. The beds dip gently toward the southeast in con-
formity with the regional structure. The sandy soil that thinly covers

P
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most of the ore-bearing area contains much fragmental brown ore of
good quality, and except along the western edge of the area, where
the Sparta-sand attains a thickness of 40 feet or more and the ore is
of poor quality, overburden is lacking.

‘Slabs and blocks of limonite from 2 to 6 inches thick cover much of
‘the surface of the area, and several ledges of ore that reach a maximum
observed thickness of 12 inches occur in the upper 12 to 20 feet of the
greensand. Where only the lower parts of the greensand remain the
-ore is scarce and of indifferent quality. The ore in the upper beds
is excellent brown limonite, with very little siliceous matter. Box-
work structures and the spongy, cellular type of ore predominate;
though concretionary masses are not uncommon. In places the
limonite preserves the oolitic structure of the parent greensand even
down to the concentric shells of the oolites, and in one place a few
fragments of limonitized wood were found (pl. 7, A). According to
company records, a little carbonate ore was found in a few pits, but
‘the percentage of ore of this type is small. The following section
illustrates the typical mode of occurrence of ore in the central part
of the area.

Section in pit near ceniral part of Walers district

Surface soil with much fragmental limonite of good Ft. .

quality - ___._ 1
Clay, red._ - - e 8
‘Greensand, thoroughly oxidized - - ____.______________ 6
‘Clay, red, white, and yellow, with concretions of limo-

nite as much as 4 inches in diameter, boxwork type.. 1 2
Limonite, dark, concretionary . ... ... _______ 5
Clay, red, with white specks_ ... ______________ 9
‘Greensand, oxidized and thoroughly indurated; contains

a few seams of limonitic material ... _______________
Limonite, dark, concretionary, with considerable asso-

ciated sand and elay . - - ____.____ 4-5
‘Clay, white, with some iron stains____.______________ 6
Limonite, dark, somewhat concretionary, associated

with much clay and sand_.___ . _________..________
‘Greensand, oxidized, with some red elay______________
Limonite, laminated, with much associated sand____.___
Greensand, oxidized, with some red clay and a few scams

of limonite, each of which is underlain by 1 to 3 inches

of white clay _ . _ ... 3
Limonite, dark, concretionary, apparently of good

quality . ealoo- 1
Greensand, oxidized, very red.._ ... ____________. 1
Limonite, dark, extremely massive_ ... ______________ 1
Clay, pinkish brown to pure white, with some bleached

greensand near base. ... . ______-______ 1 9
Limonite, dark brown, with much associated clay and

s
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This section shows about 4 feet of ore in a total depth of about 15
feet, or about 26 percent of ore, a somewhat higher ratio of ore to waste:
than the average for the district. The district has been thoroughly
tested by means of pits and drill holes, which showed the average
thickness of ore-bearing material to be about 16 feet. According to
the records of the East Texas Iron Co. three washing tests showed a.
recovery of 1 ton of ore from 3.14 cubic yards of dirt. Measurements.
of four pits that were accessible in 1934 show an average of slightly
less than 3 feet of ore in a total thickness of about 13 feet of ore-
bearing material, somewhat more than is called for by the iron com-
pany’s figures. The area of ore-bearing land, exclusive of the covered
portion, is about 190 acres.

Abundant water could probably be obtained by damming Butler
Creek, less than a mile east of the Waters district, and settling ponds
could be located in the same valley. Timber is plentiful in this region.
The deposit is relatively inaccessible, however, and is separated from
possible shipping points by Black Bayou, which is difficult or impos~
sible to cross during rainy seasons.

ATLANTA DISTRICT (3)

The Atlanta district is about 2 miles northwest of Atlanta, on
Henderson Hill, the western part of a broad rolling upland that ex-
tends between Black Bayou and the vicinity of the Texas & Pacific
Railway (pl. 2). The altitude of Henderson Hill ranges from 300 to-
350 feet, less than 100 feet above the stream bottoms.

The Weches greensand has a maximum thickness of 20 feet and is.
a typical mixture of glauconitic grains with more or less sand and.
-clay. The beds dip toward the west and south, away from a small
domical uplift whose apex is apparently near the eastern part of
Henderson Hill. Lateral variations in composition of the greensand.
are rapid, and except in.the southern and western parts of the area

the presence of large proportions of quartz sand has prevented the
formation of commercial ore.

An overburden of Sparta sand and soil covers nearly half the area.
The Sparta reaches a maximum thickness of 20 feet and contains an
unusually large amount of clay in the thicker portions. It is not

known whether the ore extends beneath the Sparta sand, but as the
average thickness of cover is considerably less than 10 feet it probably

does.
The ore is dark, hard limonite and contains but little sand or clay..

It occurs mostly as laminated beds or botryoidal masses of concretions,
but in a few places lenses of sponge ore appear.

Examinations of natural exposures and of the few pits that have:
been dug show a range of 1 to 4 feet of ore in 15 feet or g0 of ore-bear.
ing material. The property has not been thoroughly tested, and as.

X
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there is no means of knowing whether ore extends under the covered
portions it seems safer to assume that the area will yield thicknesses
of 20 to 24 inches of ore from 15 feet of ore-bearing material, corre-
sponding to about 13 percent of ore by volume. This ratio of ore to
waste is considerably lower than has been found in most of the dis-
tricts where adequate tests have been made. The area of ore-bearing
land is about 210 acres, of which half is covered by Sparta sand.

The Atlanta district is easily accessible by road from either Queen
‘City or Atlanta. The ore is of good -quality, but in view of the rela-
tively large quantities of material that would have to be moved to
obtain it, it seems likely that the district will not be mined until other
and richer deposits have been exhausted.

The Berry Crawford mine, which supplied some of the ore for the
Lone Star furnace, at Jefferson, is in the eastern part of the ore-bearing
area. Nothing remains of the old workings but two or three over-
grown shallow trenches or open cuts dug at slightly different levels
and evidently working on separate beds of ore. The mine must have
been located on an unusually rich deposit of ore, as Kennedy * says
of it, “A broken-bed:of massive laminated ore 2 feet thick lies imme-
diately under 3 feet of nodular ore.”

BIVINS DISTRICT (4)

The Bivins district is 5 miles southwest of Atlanta and from 1 to
4 miles northwest of Bivins, a small sawmill town on the Texas &
Pacific Railway (pl. 2). The ore deposits occupy parts of a branching
heavily wooded hill that reaches a maximum altitude of nearly 400
feet, about 200 fect above the level of Johns Creek, which runs along
the western edge of the hill. The slopes are steep on the western
and southern sides of the hill, but become more gradual to the east
and north (pl. 17).

The Weches. greensand in the Bivins district contains more quartz
sand in general than in .any of the other areas where good ore occurs.
"This difference in composition is due in part to a natural gradation
-of facies toward the Sabine uplift and in part to the fact that the
hill is situated at the top of a structural dome of some magnitude.
Minor undulations in both the upper and lower surfaces of the Weches
are the rule, and sudden lateral variations in composition are probably
‘the cause of irregular distribution of the commercial iron ores as shown
-on plates 2 and 17 and in figure 4.

The variation in thickness of the Weches between limits of less than
20 to nearly 50 feet is typical of the formation, but the presence of
amore than 30 feet of greensand on a structul al high of this character
is unusual.

. Afew outliers of Sparta sand cover the higher parts of the hill to

4 Kennedy, William, Texas Geol. Survey 2d Ann. Rept., for 1890, p. 77, 1891.
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depths of as much as 15 or

-

égg 20 feet, but none of these

Eg‘é lie within areas 'containing
~S probable ore. Much of the.

intervening land is covered.
by several feet of sandy soil,
which in places contains.
“abundant fragmental brown
ore. The average thickness of’
overburden of this character
is probably less than 5 feet.
With the exception of sev--
eral feet of carbonate-bearing-
greensand near the base of
the Weches, which was pen--
etrated by a few pits, all of
the ore in the Bivins district.
is brown ore. It occurs as
laminated or massive beds;
usually only a few inches and
~rarely over1foot.thick. Small
concretions are locally abun--
‘dant, and 'some of the masstve
ores are made up largely of
coalesced concretions. At the:
contact of the greensand with
the overlying Sparta sand 4.
little light-brown ore, similar
in many respects to the buff
crumbly ore so typical of the.
South Basin facies of the
‘Weches greensand, was noted.
in one.or two places.
The quality of the oreranges.
between widelimits,and much

of it is so sandy or ocherous.

that 1t can only be classed as.

of fair grade. The variation
in quality is apparently re-

—

' Carbonate

EXPLANATION
Limonite
Sand or clay

Sections prepared by East Texas Iron Co. and published

2500 FzET

by permission.

lated directly to variationsin
the proportions of quartz in
.the enclosing sand.  Figure 4
shows typical cross sections.
through the central part of
the hill.

R

FIGURE 4.—Vertical sections of ore bodies in Bivins district, Cass Cburity, showing location of drill holes and shafts.
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The property has been thoroughly tested by means of shafts and
drill holes, which proved an average thickness of 18.5 feet of ore-bear-
ing material within the area classed as probable ore. The results of
four washing tests indicate a recovery of 1 ton of ore from 3.06 cubic
yards of ore-bearing material. Most of the shafts are now inacces-
sible, and the few that are open are not deep enough to give any knowl-
edge of ore beneath the surface. Four shallow pits were measured in
the westernmost part of the area. They range from 2 to 5 feet in
depth and expose an average thickness of 18 inches of ore in an aver-
age depth of 4 feet. Only two pits were measured in the main ore-
bearing area. One of these was only 6 feet deep and exposed but 1
foot of ore. The other, which was originally much deeper, is now
filled within 12 feet of the surface. Slightly more than 3 feet of ore,
or 26 percent of the total thickness, was measured. A few fragments.
of carbonate ore were found on the dump of this shaft.

Surface indications and observations of shallow pits and old mine
cuts suggest that most of the area mapped on plate 17 as possibly
ore-bearing will yield 1 foot or so of good ore from beds within 3 or 4
feet of the surface. The area of probable ore-bearing land is about.
600 acres, and an additional area of possible ore, exclusive of the parts
covered by Sparta sand, is about 500 acres.

The Bivins district is very close to the railroad, and the grade of
an abandoned timber tramway, which might be rebuilt, traverses the
ore-bearing area. A permanent supply of water could be obtained
from nearby Johns Creek. The hill is heavily covered with second-
growth pine, and sites for buildings and washing plants are plentiful.
The ore varies in quality, and it seems probable that actual mining
operations will prove the ore bodies to be spotty in character.

Small amounts of ore have been shipped from this district in the
past to the Lone Star furnace, at Jefferson, and to a furnace in St.
Louis. The mining was done by shallow pick and shovel methods
and gave little indication of what might be expected from large-scale

operations.
JOHN STONE HILL DISTRICT (5)

The John Stone Hill district, on the Linden-Atlanta highway, 5
miles west of the Texas & Pacific Railway at Bivins, occupies part
of the irregular rolling upland between Frazier and Johns Creeks
(pl. 2). The iron-ore deposits, though areally extensive, are of low
grade and thin for the most part, and the whole area is only of minor

Importance. A

The Weches greensand ranges from 20 to 30 feet in thickness and
is covered in much of the area by 10 feet or more of Sparta sand or by
sandy soil. The greensand is typical in appearance and comyposition.
Along the highway the unconformable contact of the Weches with the
Queen City sand is well exposed. Plate 6, A, shows this relation.
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Wherever the Weches is exposed at the surface it contains great
quantities of limonitic nodules. These are usually not larger than 3
or 4 inches in diameter, and most of them are hollow. The inner
layers are good-grade dark-brown limonite, but nearly all the nodules
are heavily coated with weathered greensand, which.lowers the grade
of the material very appreciably. Some nodules are ocherous, and
crusts or laminae of ocherous material .are locally abundant.

It seems likely that the area of exposed ore-bearing material, which
covers about 390 acres, will yield 1 foot or more of ore from the
uppermost 4 or 5 feet of beds, but without very careful hand picking
the grade of the product is likely to be well below the permissible
limit for iron ore.

Thousands of yards of ferruginous material has been scraped from
the western part of the hill for use in highway construction. The
material is well suited for this use, and it is best to consider the whole
area a deposit of road gravel rather than a potential iron mine.

SURRATT DISTRICT (6)

Besides containing a larger tonnage of proved ore than any other
district in the North Basin, the Surratt district is of special interest
because of the wide variety of problems presented there, the solution
of which throws much light on the general problems of the relations
of ore deposits to water-table conditions and to the original sediments.
The district occupies an irregularly branching tableland in the vicinity
of Central Grove Church, 4 to 5 miles north of Linden (pl. 2). This
tableland, whose mean altitude is about 420 feet, is a northwesterly
spur from the almost continuous area of Weches greensand and Sparta
sand that extends northward from Marion County past Linden.

The usual rapid variations in thickness and in chemical and physical
character are exhibited by the Weches greensand in this district. In
the eastern and northern parts of the area the formation is from 35
to nearly 50 feet thick, but it is thinner and contains more quartz

sand toward the west and south, where it is only 10 to 20 feet thick
(pls. 18, 19). Immediately south of the Surratt district the Weches

is composed of a thin series of chocolate-brown clays and sands, dis-
tinguishable from the underlying Queen City sand only by the presence

of a few lenses of green glauconitic material. VWhere the formation is
thick 1t is made up of glauconitic oolites or grains with relatively large
proportions of greenish clay locally and only a little quartz sand. No

. . e ' . . ‘. ]
lignitic material was seen in the greensand, but such material must be
w1despread as much of the carbonate ore contains lignite. The green-

sands are cross-hedded in a few places, the false-hedding planes dipping
in a southerly direction at angles of about 20°,

The overburden of Sparta sand ranges from a few inches to as much
as 50 feet in thickness. In the northern part of the area the basal
layers of the Sparta sand contain an abundance of small quartz

%
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pebbles, which when cemented by ferruginous material produce a
fine-grained conglomerate of striking appearance. That rich iron-ore
deposits extend beneath a heavy overburden of sand has been proved
‘in this district by intensive drilling. This deviation from the general
rule is probably due to a relatively high porosity in the greensand beds.
‘Almost the only surface evidence of the presence or absence of ore
at depth is the position of the water table relative to the Sparta and
Weches beds as shown by springs and wells, for where the water table
is at the top of the greensand ‘Commercial ore is usually absent.
Springs of more or less permanent nature occur in nearly every re-
entrant on the hill. Most of them issue from points within the green-
sand section, but where thick Sparta sand coincides with the presence
of relatively large proportions of clayey material in the greensand,

10Feet
N}

Sonlsand Ore debris leomte Glauconitic ~ Clay Glauconitic Iron
and gravel sand sandyclay carbonate

FIGURE 5.—Section showing typical association of iron ore in trench from edge of hill on Surratt tract, north
of Linden, Cass County. (After Burchard, E. F., U. 8. Geol. Survey Bull. 620, fig. 4, 1916.)

the sprirfgs}‘issue from the top of the Weches member. A few’springs
in the western part of the area issue from the base of the Weches,
obviously on account of the sandy, porous nature of the greensand
there. o

Both brown ore and carbonate :are present in the Surratt district in
more than usual abundance. The brown ore occurs as ledges or beds
from a fraction of an inch to several feet in thickness and as concre-
tionary masses. The carbonate ore occurs-in similar masses below
‘the water table. The thickest bed of carbonate seen was 9 inches
thick, but one bed of solid carbonate 4 feet thick is reliably reported
to have been penetrated by a drill. The ore is largely of good quality,
as is shown by the analyses in the table on page 57, but in the north-
western part of the area it is in general much more siliceous and
ocherous.

The best ore occurs along the s]opes of Bowman Creek, which drains
the central part of the district. Four large trenches have been

33781—38——7
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opened there, and all show not only a very thick section of ore-bearing

material but an unusually high proportion of ore.

The following

sections and figure 5 illustrate the mode of occurrence of the ore.

Section at west end of trench 1, on west side of Bowman Creek, Surrait district

Soil and fragmental limonite. The limonite occurs as
blocks as much as 6 or 8 inches thick and consti-
tutes about 40 percent of the zone.___.__________

Limonite, ranging from material of very good quality
to indurated greensand . __ _____________________

Greensand, brown, oxidized, containing a few con-
cretions of limonite. ___ . _____.________________

Limonite, cellular or spongy to laminated. Irregular
botryoidal lower surface. Very little sand and clay
included___ . __ . ___

Greensand, red and white, clayey, containing a few
concretions of limonite_________________________

Limonite, like bed above but containing thin partings
of glauconiticsandy elay ... __________________

Glauconitic sand and clay, varicolored, containing
about 20 percent of limonite in streaks and concre-

Limonite, massive, dark brown, with very l1ttle in-
cluded sand. Contains small beds of unreplaced
carbonate in the basal half inch_._______________

(This point marks the approximate level of water in 8
well which when cleaned out showed the following
continuation of the section.)

Clay, light bluish green, containing scattered glau-
conitic grains throughout and a few small concre-
tions of carbonate, slightly altered to limonite in

Carbonate, hard irregular ledge, containing in places
a little unreplaced glauconitic material . __________
Greensand, dark green, with some admlxed clay and
& few concretions of carbonate ... ... ____

Carbonate, hard ledge, conta,lmng a few flakes of car--

bonaceous material - _ ______:___________________
Greensand as above, with a few layers and lenses of
carbonate which reach a maximum thickness of
10to 12inches_ .. _ _ . o _______
Greensand as above, but well indurated by carbonate
between the glauconitic grains_ . _ . ______________
Carbonate, hard ledge. ..o .o __________________
Greensand, partly indurated as above. A few nodules
of carbonate_ _ . _ ____ . ______ _______________._
Carbonate, solid ledge .- oo oo
Carbonate, brownish gray, containing much sandy
material .o oo
Greensand, some indurated by carbonate, containing
less clayey material than beds above and a few thin
lenses of carbonate_______ ... . ___.__._ —_——
Ore-bearing material not bottomed.

12-16

5-9

12-18

12-20
2-4

15-18

-
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Section in middle of trench 2, on east side of Bowman Creek

Sandy soil and fragmental limonite, constituting about
60 percent of the zone by volume._______________
Limonite, laminated, with wavy surfaces; good quality
Clay and sand, glauconitic, reddish_ - _________.....
Limonite, laminated to somewhat concretionary.
Under surface wavy to botryoidal. Small streaks
as much as 2 inches thick of brown to red glau-
conitic sand are inciuded_ - . ____________________
Greensand, oxidized, coarse-grained, red to brown,
containing many nodules and seams of white clay
and a few concretions of sandy limonite, making up
about 10 to 20 percent of the volume____________
Limonite, laminated, good quality, both surfaces
extremely wavy . ..
Clay, white, with red streaks and blebs of bleached
glauconitic sand. Contains concretions of limonite
with maximum dimensions of 3 by 14 inches. The
bed is lenticular and wedges out against the limonite
bed above._ _ - _ ..
Limonite, laminated, with laminations parallel to the

Greensand, oxidized, light brownish red, with many
streaks and nodules of white clay and a few small
concretions of limonite. A l-inch band of limonite
is intermittently present 2 inches from the top of
the bed and is parallel to the lower surface of the
limonite bed above___ . _______________.__.

Limonite, laminated. In places inclusions of white
clay make up 50 percent of the thickness_.______.

Greensand, brown, oxidized, fairly well indurated, con-
taining a few concretions and lenses of limonite____

Limonite, thinly laminated . .o _______ . _____.____.

Greensand, brown, oxidized, with very little clay.
Soft and friable_ . ___ . ____.

Limonite, laminated, with considerable proportions of
oxidized greensand. Here and there, especially
toward the bottom of the bed, blebs of white unal-
tered carbonate are present_ __________________.__

Greensand, green to brown, owing to partial oxida-
tion. Contains a few lenses and concretions of
limonite and carbonate__ - ____________________

Greensand, same as last above, but well indurated by
carbonate__ ...

Greensand, same as above, but soft, containing con-
cretions of carbonate__._____________________.___

(Water seeps from the top of this member, marking
the top of the local water table.)

Carbonate, wavy ledge, slightly altered to limonite in

Greensand, mostly fresh and dark green, containing
many bands and concretions of carbonate, over 10
inches in total thickness; base of greemsand not
exposed - - _ e mvcamnoa

Ft, in.
1 6
2-4

4-8

11-13

12-14

711

4-8

1%-3

9-15
4-10

814
- 1-6

2-7

49

7-11

6-12

2-10

93
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The well noted in the section on page 92 is reported to have been
10 feet deeper, but was not cleaned out further. The section shows
about 8% feet of -ore in a total depth of 24 feet, or about 35 percent
of ore by volume. A few feet east of this point in the same trench the
uppermost bed of limonite is from 3 to 5 feet thick.

The section on page 93 shows a little over 6 feet of ore in about 15
feet of ore-bearing material, or about 41 percent of ore by volume.

The trench is about 5 feet deeper at its west end, near Bowman
Creek, but there the section shows only weathered greensand with

°T"  EXPLANATION
Flo Alternations of brown ore

* ‘ , o]

g‘g with oxidized greensand -

:S 9 Oxidized greensand and

glauconitic clay

Unaltered greensend and
glauconitic clay

Brown ore

Carbonate ore

00 o @
0 & 5 ° 2
oo ° 0

s .
°ooaoaogooo°°°° °o°°§ Pyrl‘te

FIGURE 6.—Section at bottom of prospect pit neér Central Grove Church, Surratt district, Cass County,
showing brown ore beneath carbonate ore.

thin lenses and concretions of brown ore. The carbonate gives out
in this direction on approach to the surface. Figure 5 represents the

relations along the sides of this trench.

The carbonate masses are much like the limonite except that they
are not as porous or cellular. The carbonate is white to gray and
contains besides a few flakes of mica, an abundance of carbonaceous
material in flakes and chips. Many of these pieces retain a woody

structure and closely resemble charcoal..

\r

[\

[\



S

CASS COUNTY 95

Burchard # gives a section on another trench (no. 3, pl. 18) on the
east side of Bowman Creek, which shows a total of almost 9 feet of
ore in 40 feet of ore-bearing material.

In pit 4 (pl. 18) about half a mile southeast of Central Grove
Church the carbonate zone extends to within 9 feet of the surface.
It is reported that this shaft showed good ore throughout its entire
depth of 47 feet. Pit 5 (pl. 18), a few hundred feet west of Central
Grove Church and near a tributary to Mill Creek, is of interest from
several angles. In the upper 8 feet of this pit are the usual alterna-
tions of laminated and concretionary limonite with oxidized green-
sand. Between the depths of 8 and 12 feet the relations sketched in
figure 6 appear. The occurrence of brown ore beneath unaltered car-
bonate is reported to have been observed in several of the deeper
shafts in the Surratt district. This relation is probably due to a
combination of circumstances, in which fluctuations in the ground-
water level and the relatively impervious nature of massive beds of
iron carbonate must play important parts. The presence of pyrite
in the fresh greensand and within concretions is not unusual in the
vicinity of Hughes Springs, but it is uncommon in the eastern part
of the North Basin. The oxidation of the pyrite may possibly have
had something to do with the anomalous relations.

The large area north of Central Grove Church contains little or no
ore in commercial quantities, although the Weches is very thick there
and contains an unusually high proportion of glauconitic material. The
greensand is well indurated in the beds of the streams, though not
elsewhere, and the little limonite that is present is mostly of low grade.
All the springs in this area issue from the top of the greensand, a fact
suggestive in itself of the absence of any considerable bodies of ore.
In the bed of one stream a little carbonate ore was found. It was
partly altered to limonite and probably owed its preservation to the
presence of sufficient water to retard oxidation.

Of 170 pits of which records are available, 133 showed ore-bearing
material to an average depth of 12 feet. This material contained
about 26 percent of ore by volume, equivalent to 3.1 feet of ore. The
15 pits and trenches measured by the writer in 1934 show an average
of 5 feet of ore in 12 feet of ore-bearing-material, or about 42 percent
of ore by volume. On the other hand, the records of 92 drill holes
show an average thickness of 32 feet of ore-bearing material, which in
26 washing tests yielded an average of 1 ton of ore from 3 cubic yards
of material, corresponding roughly to 16 percent of ore by volume.
The obvious discrepancy between the figures from the pits and the
drill holes illustrates the necessity for extreme caution in estimating
the ore reserves. The fact that the estimates of tonnage derived
from the drill records and from measurements by the present party are

4 Burchard, E. F., op. cit., p. 80.
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of nearly the same magnitude suggests that perhaps the best ore is
concentrated within the uppermost 10 to 12 feet of the greensand beds.
If this is so, probably a large fraction of the total ore in the Surratt
district could be recovered by mining only the upper beds, an operation
that would cut both mining and washing costs considerably. The
area of ore-bearing land is approximately 810 acres, fully one-half of
which is covered by Sparta sand. All but a small fraction of the area,
where the overburden amounts to 35 or 40 feet, can probably be
regarded as workable.

The Surratt district is 4% miles from the terminus of the Jefferson
& Northwestern Railway at Linden. Bivins, the nearest station on the
Texas & Pacific Railway, is 10 miles distant by air line but much farther
over present roads. Sufficient water for mining and washing could
probably be obtained by damming the headwaters of Bowman Creek,
although the stream dries up completely during periods of drought.
A large part of the timber that once covered most of the area has been
removed in recent years. There is no record of shipments of ore from
the Surratt district. : ’
WARREN DISTRICT (7)

The Warren district, 1% miles southwest of Warren Springs School
and about 2 miles north of Linden (pl. 2), is small but might contribute
some good ore to operations in the Surratt district.

On two small ridges near the headwaters of Mill Creek (pl. 18),
the surface between altitudes of 400 and 420 feet is well covered with
slabs and concretions of very good brown ore. The slabs are commonly
3 to 4 inches thick but are as much as 10 inches thick in places. The
concretions range from 6 to 10 inches in diameter in general, though
some larger ones occur. They are dark-brown limonite, some of it of
the rich ‘“needle ore” variety, and are commonly filled with ocherous
material.

Surface exposures and a few shallow pits indicate that the area
would yield about 1 foot of ore within 10 feet of the surface. Most of
this would probably be recovered from the uppermost 2 to 3 feet.
The area of exposed ore is about 78 acres, and there is about 74 acres
- of Sparta sand that reaches a maximum thickness of 20 feet which is
probably underlain by ore. On account of its thinness the ore in this

district can only be considered a possible rather than a probable
reserve.

JOHN DAVIS DISTRICT (8)

The John Davis district, which receives its name from the headright
that includes most of the ore-bearing land, is on the south side of
James Bayou, from 1% to 2 miles southwest of Linden (pl. 2). The
higher parts of the broad ridge that contains the depoists are 350 to
400 feet above sea level and less than 100 feet above the level of the
Bayou. ,

[}
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The fault that trends southwestward from the vicinity of Linden
marks the southern extent of the ore deposits. North of the fault
the Weches greensand is 20 to 25 feet thick and consists of typical
glauconitic sand and clay, with a somewhat higher proportion of quartz
sand than usual. On the south or downthrown side of the fault,
which has a vertical displacement of about 45 feet, the greensand is
only 3 to 4 feet thick and contains much more quartz sand and less
glauconitic material than on the upthrown side. Little or no ore
occurs where the greensand is thin, but less than a mile to the south,
where it is again 20 to 25 feet thick and contains much coarse glau-
conitic material, an abundance of very siliceous limonite is exposed:
along stream beds and other exposures. West of the John Davis
district the Weches again thins and becomes more sandy on its ap-
proach to the area of nondeposition shown on plate 2. Northward
the relations are obscured by a heavy mantle of sand, but the green-
sand is probably thin or entirely missing, as no traces of it could be
found on the slopes of the ridge about 2 miles west of Linden.

The overburden of Sparta sand reaches a maximum thickness of
about 20 feet within the district. = The average thickness of sand over
the ore-bearing land is probably not much less than 10 feet.

Brown ore occurs as concretions or as ledges of coalesced concretions
in large part, though thinly laminated, boxwork, and cellular varieties
are also present. With the exception of one rich ledge that is usually
present near the surface, nearly all the ore is prevailingly siliceous
and is in many places only a ferruginous sandstone. The thinly
laminated material iss commonly ocherous. Oxidized greensand
almost invariably adheres to the surfaces of masses of ore and tends
to lower the grade materially. The zone of carbonate ore is thick
in places and in one water well extended within 8 feet of the surface.
The carbonate occurs as nodules or thin lenses distributed through
comparatively fresh greensand. In contrast to most of the carbonate
ore in the North Basin, the material in this district is impure and

-siliceous.

Nearly all of the 44 pits examined by Messrs. Stone and Williams
were near the outcrop, where the ore usually reaches its maximum
development. Nine of these showed no ore, but the remainder
showed an average thickness of 14 inches of siliceous and ocherous
ore in a depth of 5% feet of ore-bearing material. This corresponds
to about 21 percent of ore by volume. The district has been thor-
oughly prospected by means of shafts and drill holes. According to
company records, 98 drill holes penetrated an average thickness of
17.8 feet of ore-bearing material, which was estimated to contain
1 ton of ore in 2.6 cubic yards, corresponding to about 20 percent of
ore. The two sets of figures differ only in the thickness of ore-bearing
material indicated, a difference due in part to the fact that the drill
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holes were put down in the higher parts of the area, where the full

section of greensand is present, and in part to the fact that many

of the shafts were partly filled with debris in 1934. The area of
ore-bearing land is about 540 acres.

A large reserve tonnage of ore is indicated in this district, but the
ore is siliceous and the overburden relatively thick.

PREWITT DISTRICT (8)

The Prewitt (Pruitt) district takes its name from the Reilly Prewitt
headright, a small tract that includes some of the richest ore in the
drea. The district occupies part of a large irregular outlier of Weches
greensand from 2 to 5 miles southeast of Linden (pl. 2). The area is
traversed by the Linden-Kildare highway. Kildare, a station on the
Texas & Pacific Railway, is 4 miles from the center of the district.

The highest parts of the area stand 350 to 380 feet above sea level,
or 100 to 150 feet above the level of James Bayou, which drains the
southeast side of the ridge. The upland is a gently rolling sand-
covered surface, devoted extensively to cotton farming. At and
below the Weches horizon the area is heavily timbered.

The Weches greensand is about 25 feet thick wherever the full
section is preserved, but over large areas it has been beveled by
erosion, and only a few feet remains. The greensand consists largely
of oolitic glauconitic material, but clay is relatively abundant through-
out the section, and quartz sand occurs locally in sufficient quantity
to render the iron ores rather siliceous. The top of the Weches
ranges in altitude from about 335 to 365 feet above sea level. The
beds seem to be nearly flat, but a slight dip toward the west and
northwest, away from the Sabine uplift, is indicated by a few random
observations of altitude.

The overlying Sparta sand reaches a thickness of 30 feet or more
in places, but over most of the area it is less than 10 feet thick. In one
or two places in the southeastern part of the district the base of the
Sparta is marked by abundant rounded pebbles of quartz and chert.
In some localities the Sparta sand, as shown on plate 2, includes some
reworked material that has been washed down over the beveled
surface of the greensand. With the exception of a little sandy soil
there is no overburden above the ore on most of the smaller spurs
and ridges.

The water table is unusually high, and the water level in many
wells and prospect pits is only 6 to 10 feet below the surface. The
carbonate zone is in consequence not far from the present surface.
In a few places limonitic material around the roots of fallen trees
shows unmistakable evidence of recent carbonate parentage and
indicates the presence of carbonate within 2 or 3 feet of the surface.
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The iron ore in the Prewitt district shows a wide variety in quality,
thickness, and character. Most of it is of medium to good grade,
but in places it is too siliceous or ocherous to be of more than passable
grade. Some concretions are made up in part of extremely high-grade
needle ore, which ‘closely approaches the theoretical composition of
limonite. Most of the ore occurs as concretions of irregular shape
and varying size or as lenslike beds that represent coalescences of
such concretions. Some of the ore is massive or laminated and shows
little or no evidence of concretionary structure.

On one of the larger ridges south of the main road a large amount
of ore occurs at the surface. Some of this has been rendered magnetic
by brush or forest fires, and a compass needle is deflected 20° or more
in this vicinity.

Section in prospect trench, Prewitt district

Sandy soil, containing about 40 percent of ore as frag- Ft. in.
ments and concretions of variable size.______________ 2 6

Limonite, approximately parallel to present surface.
Medium- to good-grade spongy ore, with a little inter-

. stitial oxidized greensand. Mammillary under surface.- 10-12
Greensand, reddish brown, with spots of white clay. A
few small concretions of limonite throughout__.__.__ 2 2

Limonite as above, but of higher grade because of less
included sand. This and lower beds dip into hill at low

angles_ . - 7-11
Greensand as above, Wlth a l-inch bed of light-colored

clay at top- . ... 3 5
Limonite, very good dark-brown laminated variety, but

including as much as 20 percent of clay in places______ 5-7
Clay, red and white_____________ e 3-4
Limonite, as above_ _ . .o o ... %-3
Greensand, brown, with a few concretions of limonite. _. 8

Limonite, good-quality concretionary ore in irregular zone

of thin layers and concretions; much glauconitic sand

included _ . e a_oo- 1
Greensand, bleached, with very few concretions of limo-

Limonite, laminated and ocherous; some glauconitic sand

included_ .. 8-10
Greensand, as above_ .- _________________________ 4
Limonite, as above, but containing little or no sand______ 2
Greensand and limonite in thin alternating beds___._____ 1
Greensand containing a few concretions of limonite.. .- __ 8
Sand, greenish gray, mostly quartz but containing some

glauconitic grains. Concretions of carbonate, aver-

aging 2 to 3 inches in diameter, make up 20 percent of

thickness. - . ooo. 1
Glauconitic clay, dark chocolate brown..__.____________ 4
Sand as above but barren of ore______ .. __.___________ 1
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Iron ore occurs as nodules or as comparatively thin lens-shaped
bodies. All gradations are to be seen from unaltered greensand
through carbonate to the final product, brown ore. The centers of
many masses of carbonate show shrinkage cracks, the first ev1dence
of volume change during the alteration to limonite.

The section on page 99 is typical of the occurrence of ore on most of -

the Prewitt tract proper, which lies southwest of the point where the
Kildare road turns abruptly from a southerly to an easterly direction
(pl. 2).

This section shows about 5% feet of ore in a total thickness of 14
feet, corresponding to 40 percent of ore by volume. This trench is on
the east bank of a small ravine. Another trench on the opposite
bank and a water well not far away show essentially the same relations
except that in the well the water table and the zone of carbonate ore
are less than 10 feet below the surface.

In the southeastern part of the district, east of the Prewitt tract,
the greensand is thin, owing to erosion of the upper beds. One or
two ledges of good ore occur near and approximately parallel to the
surface im most of this area. A few crusts and thin laminae of ore
lie below tbese ledges but probably do not constitute workable ore.
North of the Kildare road the ore is in general thinner and of lower
grade, though a little high-grade material occurs on several of the
small ridges. The section given below is typical of the occurrence of
ore in most of the southeastern part of the district.

Section in prospect in southeastern part of Prewitt district

Sandy soil and limonitic debris, which makes up about 50 . in.

percent of volume_ _ _______________________________ 1
Clay, yellow, with about 10 percent of ocherous limonite as
small nodules_ . . _ .. 1 6

Limonite, concretionary, of medium weight and color.

Apparently of good grade, but contains a seam of clay

% inch to 2 inches thick near center.....occececacaaa. 8
Oxidized greensand and clay, white to brown._ ... .....__ 11
Limonite, as above, but somewhat more ocherous._______ 6
Clay, white. ... ___ 8
Sand, quartz, red and white, with thin clay partings.

Typical Queen City aspect. ... _________________ 4

This section shows nearly 2 feet of ore in less than 5 feet of ore-
bearing material, or about 40 percent of ore by volume.
Exposures in general are not good in the western part of the district,

south of the Linden-Kildare road. Somec of the smaller ridges are
well covered with good ore, however, and two deep pits show alterna-
tions of ore, sand, and clay to a depth of at least 15 feet. The section
measured in one of these pits follows.
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Section in prospect pit in morthwestern part of Prewilt district, south of Linden-
Kildare road
Ft. tn.
Sandy s0il - o e ceemas 2
Limonite, of fair quality, but mixed with about 60 percent
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Limonite, dark, lamma.ted contalmng a little clay._...____
Glauconitic sand . _ _ . 1
Limonite. - e
Glauconitic sand_ _ . .. eao
Limonite. ..o .. ___. ... e e e emm————m
Glauconitic sand. - o ee-a-
Limonite. - - - o e
Glauconitic sand . - _ e
Limonite. - - e
Glauconitic sand. _________ R 1
Limonite.._...______ e e
Glauconitic clay and sand, bleached . __ ... ___________
Limonite. .o e
Glauconitic clay and sand, bleached.. .___ .. ______.____ 2
Limonite. ..o oo [,
Glauconitic clay and sand, bleached. .. __ . ______..__..
Limonite. - - - e
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This section shows unearly 3% feet of ore in about 15 feet of ore-
bearing material, or 22 percent of ore by volume. Some of the beds of
glauconitic sand are indurated. The ore appears to be of medium to
good quality, though all of it is mixed with some sand and clay.

North of the Kildare road in the northern part of the district there
are some areas that show good ore within 2 or 3 feet of the surface.’f:ln
general, however, the ore is thin and sandy, and the deposits should be
considered only as possible reserves.

The table below summarizes the information that is available regard-
ing the quantity of ore in this district.

Comparative prospecting data tn Prewitl district

Average | Percent of
Number of glurflgg)gzg_! é\evetrgg? thicknessof | ore by vol- A{f&g&.‘ow
Source measure- | SHatt D nos |ore-bearing | ume in ore-| °F dg
ments taining no | openings material bearing an
ore (feet) (fest) material | (@cres)
Shaft records of East Texas
Tron Cooemeone o cacceeeeee 569 86 9.6 15,1 40 1430
Drilling records of East Texas
Tron Coo oo 62 oo 4221 22.1 817 8740
Measurements of shafts by
E. B. Eckel, J. R, Stone,
and E. C. Williams._....__. 41 |Los 5.48 5.48 40 430

1 Scaled from field maps made by present party.

* Average of ore-bearing material in 483 ‘“‘good’’ shafts only.

L] Outcrop% ng ore only.

¢ All drill holes in upland where full section of ore-bearing material is present.

5 Based on results of 5 washing tests which gave a recovery of 1 ton of ore from 2.87 cubic yards of ore-
bearing material.

¢ Area of probable ore-bearing land; most of the drill holes were placed within this area.
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~ The washing tests referred to were made by washing all material
taken from pits sunk near selected drill holes to the same depth as the
holes. The number of shafts that penetrated no ore indicates that a
reduction of at least 10 or 15 percent should be made in the final
tonnage estimates to allow for barren areas. The areas mapped as
possible ore, which aggregate about 280 acres, should yield in the
neighborhood of 1,500 tons to the acre.

The Prewitt district contains some of the most promising deposits in
the region. It is large enough for large-scale operations to be con-
tinued for a long period. Water can be obtained from nearby James
Bayou or by damming small tributaries to that stream. Kildare, on
the Texas & Pacific Railway, is only 4 miles from the heart of the
district, with a downhill haul, and the grade of an abandoned timber
tramway, which could probably be rebuilt at moderate expense, con-
nects most of the district with Kildare.

JURNIGAN DISTRICT (10)

The Jurnigan district is situated ou the south side of James Bayou,
3 to 3% miles east of Lanier and about 4 miles west of Kildare (pl. 2).
It includes three distinct deposits, two of which are within the Curtis
Jurnigan headright. The largest of these, known as Jurnigan Hill,
occupies the southwestern part of the district (pl. 20). Nigger Hill
lies northeast of Jurnigan Hill, from which it is separated by a shallow
saddle.  The Marett tract is in the northern part of the district and
1s separated from the other deposits by a deep, wide valley. The
details of the main part of the district, exclusive of the Marett tract,
are shown on plate 20. '

The steep-sided, branching hills reach altitudes of about 410 feet
above sea level, or 150 feet above James Bayou, which drains the whole
area. Most of the district is heavily timbered, though a small propor-
tion of the land is devoted to farming.

The Weches greensand is 20 to 25 feet thick over most of the area,
but it thins locally to 10 or 15 feet. It is normally a typical mixture of

glauconitic sand and clay and contains but little quartz sand. In a

few places, however, particularly on western Jurnigan Hill, near Pine
Hill Church, the proportion of quartz sand increases markedly, and in
consequence ferruginous sandstone takes the place of ore. Cross-
bedding was noted in one or two prospect pits. Local undulations

interrupt the regional dip of the beds, which is toward the northwest,
away from the Sabine uplift. As shown on plate 20, the top of the

Weches ranges between altitudes of 330 and 375 feet.

The Sparta sand is nearly 50 feet thick on the higher parts of
Jurnigan Hill, but on the ore-bearing spurs it is less than 15 feet thick
and on Nigger Hill and the Marett tract even thinner. The typical
basal sandstone is present locally, but on Nigger Hill and part of the

Lo
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Marett tract the presence of many pebbles of chert, quartzite, and
silicified wood at the Weches-Sparta contact has given rise to a coarse
ferruginous conglomerate rather than to sandstone. These pebbles
were probably laid down by ordinary sedimentary processes at the
beginning of Sparta time, though it is possible that they are associated
with a fault somewhere in the vicinity.

Burchard % says of the ore deposits in this district:

Jurnigan Hill has also been tested extensively by prospect pits from 9 to 44 feet
deep. Some ore was found in nearly all the pits that were noted. Some of the top
ore is too sandy to be of commercial value, but there is much good concretionary
and nodular ore. There is generally a heavy ledge of limonite near the surface,
irrespective of a difference in elevation of 25 to 30 feet, a fact that suggests a
downward concentration, not only of the residual ore accompanying the degrada-
tion of the hill but also of iron hydroxide, thus continuing to build up ledges of
ore a foot or two beneath the surface. Forest fires have partly dehydrated much of
the surface ore, altering its color to a dark red. An ore seam 8 inches thick has
been found at a depth of 45 feet below the highest part of the ridge. The test
pits on Nigger Hill range generally from 6 to 10 feet in depth, but a few are 18 feet
deep. A well being dug for water encountered only fragments of ore but cut
through some pyritiferous green sandstone and dark clay at a depth of 40 feet.
The ore shown by the shallow pits consists largely of rather rich ‘“kidney’’ con-
cretions, but some portions are sandy.

The following section, measured in a pit near the extreme south-

eastern extremity of the district, is typical of the areas where the ore
is well developed.

Section in prospect pit in extreme southeastern part of the Jurnigan district
Ft. in.
Sandy soil and detrital limonite in thick ledges. Limonite,
which makes up 65 to 70-percent.of the volume, dark brown,

cellular, and of 'good quality . - - ________ 3 6
Glauconitic sand and clay, red,.containing two' thin streaks of

sandy. limonite. . ;.o oo maee--- 3 9
Limonite, dark brown, lammated somewhat siliceous. . .- __ 6
Glauconitic sand and elay . . ... ____________._._... 1
Limonite, as above_ . _ ... 3
Glauconitic sand and elay - - .. .e... 1 6
Limonite, dark brown, of good quality. ... ________.._._._... 4

Clay, white to pink, alternating with 2-inch layers of hard,
good-quality limonite, which makes up about 45 percent of
the volume_ .. 1 6

This section shows about 4 feet of ore in a total thickness of 12 feet,

or 33 percent of ore by volume.

In most of the pits that were examined the surface Iedges are much
thicker and richer in iron than the lower beds, which are in general too
ocherous or siliceous to be very desirable as ore. A thin carbonate
zone was penetrated near the bottom of a few of the deeper shafts,
and some of the carbonate ore is to be seen on the waste dumps.

% Burchard, E. F., op. cit., pp. 84-85.
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More than 400 shafts have been dug on Jurnigan Hill and Nigger
Hill. Records are available of 230 of these, of which 44, or 19 percent,
are reported as showing no ore. The remainder penetrated an average
thickness of 3 feet of ore-bearing material, of which 50 percent was
ore, in an average depth of 7.3 feet. These figures agree closely with
the writer’s measurements of 35 pits, which show 43.6 percent of ore
by volume in an average thickness of 3 feet of ore-bearing material.
Twenty-one drill holes in the higher parts of the area, where the full
‘Weches section is present, showed an average thickness of 18 feet of
ore-bearing material, estimated by company éngineers to contain 1
‘ton of ore in 2.67 cubic yards, corresponding to about 18 percent by
-volume. The deposits on the Marett tract are very similar to those on
Nigger Hill, and it is probably safe to assume the same thickness of
-ore there. A

The area of exposed ore and of that beneath a maximum over-
‘burden of 5 feet is about 425 acres. The area which is believed to be
ore-bearing but which is covered by more than 5 feet of sand is about
200 acres. The large number of shafts that showed no ore suggests
that a correction factor should be applied to final tonnage estimates,
but as at least some of these pits were not deep enough to reach the
ore horizon, and as the drill holes indicate the occurrence of ore under
cover, probably the correction factor should not be more than 10
percent. ' .

Between the Marett tract and Salem Church, on the Jefferson-
Linden highway (pl. 2), the Weches greensand is only 10 to 15 feet
thick, but it contains many rich coneretions of brown ore in places and
deserves some. consideration as a possible reserve. The concretions
range from 6 to 10 inches in diameter and usually consist of pure black
needle ore surrounded by outer layers of sponge ore. In places the
concretions are coalesced to form thick ledges of rich ore. Some small-
scale surface mining has been done in this vicinity in.the past. In
all there is about 120 acres which might yield 1,000 tons of ore to the
acre with careful hand-mining operations.

- An enormous amount of careful and expensive prospecting has been
done in the Jurnigan district. A comparatively large reserve of ore
has been proved to exist, and the district is otherwise desirable. Lanier
and Kildare, the possible shipping points, are between 3 and 4 miles

distant, and the grade of an abandoned timber tramway connects
Jumigan Hill and Nigger Hill with Kildare. Water could be obtained

from James Bayou and the supply of timber 1s adequate.
HARRIS DISTRICT (11)

The Harris district adjoins the Jurnigan district on the south and is

about the same distance from Lanier and Kildare (pl. 2). It occupies
an intricately branching upland, covered with 15 to 20 feet of Sparta

N
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sand in the central portions, which are extensively devoted to farming.
As is true in other districts, a large part of the ore-bearing area is
heavily wooded. By far the richest accumulation of ore occurs in
the northeastern part of the area, within the W. H. Harris and A. J.
Dooley headrights.

The Weches greensand is similar in character to that in the Jurni-
gan district, though it apparently contains somewhat more quartz
sand and is almost universally cross-bedded. ‘

The iron ores are largely of the nodular and cellular varieties.
Most of the ore appears to be of comparatively good quality, but
nearly all of it is somewhat siliceous. The top ledges of ore are in
general thicker and richer than those below. They conform to the
present, topography and in several places merge into the lower beds
along the hill slopes. Figure 2 illustrates these relations as exposed
in a shallow trench just west of the Harris tract.

Part of Burchard’s description of the deposits on the Harris and
Dooley tracts ®! is as follows:

An unusually large prospect trench has been excavated in this tract a short
distance southeast of ‘an ‘old mine trench. This large trench is 6 to 7 feet wide,
about 14-feet deep, and 130 feet long and connects with a narrower trench at
right angles, which extends for 50 to 60 feet, to the brow of the hill, and affords
drainage for the large trench. In addition to the material taken from the trench
a block of the top ore-bearing ground about 50 feet square has been removed
from one side of the trench, and the ore from the whole excavation has been stored
in a large pile in a neighboringfield. The following section indicates the character.
of the ore displayed in the large trench. ‘The top 7 feet is especially rich in ore.

Section in large trench 9 miles southeast of Linden

Fi. in.
Soil rich in ore debris_ - .. .. _________...._ 1
Ledge of limonite with a few. seams of sand.-__._ e 4 10
Glauconitic sand and elay . .. - ... .. __._._.__ . 7-10
Limonite, in part concretlonary _____________________ 3-8
.Light- yellowish to reddish glaucomtlc sand.___._.___. 3
Limenite, in patt concretlonary _____________________ 4-7
Reddish glauconitic sand &hd white clay, with a few
small nodules of limonite; the sand is partly mdurated
by ferruginous streaks_ . __________._ __________. o1 9
. Limonite, - . . iao- 2-3
White and reddish glauconitic sand . - _______.__._____ 1 11
Limonite lens, 3 feet long in sand layer___________.____ 4
Limonite, with seams of indurated sand__________..__. 10
Bluish-green clayey sand. . ___._______ .. _______ -3

Base concealed; iron carbonate reported below. .

The section outlined above thus shows about 8 feet of ore in 13 feet of sedlments.

In contrast with the rich section just given is the following section, shown at
the face of a cut about 200 yards east of the large trench:

# Burchard, E. F., op. cit., pp. 82-84.
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Section tn prospect trench 9 miles southeast of Linden

Ft. in

Sand, light-colored, mostly silica_ - _._______________ 1 6
Limonite_ _ _ . _ L __._ . 14-18
Reddish glauconitic sand, with white clay streaks and

five streaks of limonite, ¥ to }4 inch thick__________ 1 6
Limonite, with streaks of sand-_ . _________.________ 4-5
Reddish glauconitic sand, cross-bedded, containing white

streaks_ ... 1 11
Limonite_ . ___ 7
Yellowish sand_ _____________ . .. ____ [ 5
Limonite_ . __ . __ L ________ 2
Yellowish sand, ¢ross-bedded . - - _ ___________________ ' 10
Limonite_ .. e 4
Reddish glauconitic sand, cross-bedded, containing .

white clay streaks_ _ _ o 3 7
Limonite. _ . 3
Reddish glauconitie sand cross-bedded, containing whlte

clay streaks___ o _lo__._ 3 6

According to this section there are about 3 feet 2 inches of limonite within
16 feet 3 inches of sediments.

In this area one prospect trench has been cut entirely through a small hxll
and affords a view of the iron-bearing sediments for a distance of about 350 feet
and to a depth of 10 to 20 feet. The richest ore-bearing material :in thls trench
appears to be just about the middle of the hill. .

The thick section of ore indicated in these and othet trenches is
likely to be misleading, as several pits in the same area show only a
little ore in one or two ledges near the surface and very little in depth.
The deposits are obviously very sporadic in occurrence. The 16
pits and trenches measured by the writer contained an average of
a little more than 3 feet of ore in about 8 feet of ore-bearing material,
corresponding to 40 percent of ore by volume. On the-other hand,
company records of 78 shafts show only 3% feet of oré-bearing material,
containing 50 percent of ore, in an average depth of 10 féet. ~

Aside from the northeastern part of the district, whlch lncludes
about 100 acres of ore-bearing land answering the above descrlptlon,
the deposits in the rest of the Harris district are essentially confined
to one or two ledges of ore close.to the surface. The ledges are in
general 6 to 12 inches thick and are of the same grade and character
as the ore on the Harris tract. All the ore is within 3 or 4 feet of the

surface and has an average thickness of about 1 foot over the whole
200-acre area where it is exposed or is covered by less than 5 feet of
sand. Probably none of the ore that possibly underlies. the central

parts of the area can be considered workable, on account of the heavmr
overburden there.
DUNCAN DISTRICT (12)

Some ore is exposed along the sides of one of the main branches of

Willow Creek, from 1 to 3 miles southeast of Lanier (pl. 2). Part of
this area is included within the A. D. Duncan headright, which gives
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its name to the district. The extreme southeastern portion of the
district is known locally as Cyclone Hill. Surface showings of ore are
not particularly encouraging, although a few thousand tons of excellent
ore could doubtless be recovered by careful mining.

The Weches greensand is nowhere more than 12 feet thick and
probably averages somewhat less than 10 feet in thickness over the
whole area. The greensand contains much clay and relatively little
siliceous sand, an unusual condition where the Weches is so thin,
The resistance offered to weathering by the clay and the associated
iron ores has operated to form pronounced benches at the greensand
horizon. These are present along all the streams and reentrants but
are most pronounced near the ends of the spurs that project from the
main ridges.

The interstream divides are heavily covered with Sparta sand,
which is 100 feet or more thick in places on the large upland east of
Lanier. The upper parts of this formation contain a considerable
amount of light-colored clay, but the lower parts are made up largely
of quartz sand. Here and there the base is marked by a thin bed of
ferruginous sandstone, which in places contains small masses of
‘pyrite, but this bed is not universally present. The relatively great
thickness of the Sparta sand and the impermeable nature of the
Weches combine to form a perched water table, and nearly all springs
issue from the contact of the two formations.

The ore deposits are well exposed naturally, and in addition there
are a number of shallow trenches and pits in part of the area. Nearly
all the ore is of the concretionary variety and occurs within 2 or 3
feet of the surface. The only exception is on a small part of Cyclone
Hill, where several deep prospect:pits have penetrated-alternating
beds of brown ore and glauconitic sand and clay to a depth of 9 feet.
The concretions are thickly scattered over thé surface in places and”
literally fill the beds of one or two small streams. Individual concre-
tions range from about 3 to 14 inches in length, and from 2 to 8 inches
in thickness. They are irregular in shape and are usually made up
of several concentric layers of ocherous, spongy, or aeedle ore, which
increases in purity toward the center. Where not filled with unaltered
iron carbonate, the central part is usually hollow or partly filled with
light-colored ocherous clay. The concretions occur at the surface on
the benches, in stream beds, or close to the surface in a matrix of
oxidized and bleached glauconitic sand or clay.

The volume percentage of ore in the dumps of several prospect
trenches ranges from 5 to 25 percent. Probably the ore will not aver-
age more than 6 inches in thickness over the whole 300-acre area of
exposed ore in this district. The position of the water table indicates
that little ore is to be expected at any great distance from the outerop.

33781—38——8
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In any event, the overburden is in general so thick as to prevent mining
of any but surface ore. Hand gathering of iron-ore concretions would
seem to be the most practical method of mining in this area as the
ore appears to be too thin and the deposits too scattered to make
larger-scale operations profitable.

KNIGHT-FIELD (LANIER) DISTRICT (13)

The Knight-Field or Lanier district includes most of the large area
that lies between Cunningham Creek and the Jefferson-Linden high-
way and extends northward from the Marion County line to a point
about a mile north of Lanier (pl. 2). Many problems of scientific or
economic importance are presented here, but their solution must await
more detailed study and prospecting.

The district occupies the western part of the large area of Weches
greensand and Sparta sand that extends almost uninterruptedly from
Marion County to a point several miles north of Linden. The up-
lands, which are largely given over to farming, are heavily covered
with sand.

Rapid lateral and vertical variations in the character and composi-
- tion of the Weches greensand have produced scattered deposits of
iron ore of varying degrees of thickness and purity. The greensand
in general ranges from 10 to 20 feet in thickness. Random observa-
tions of the altitude of the Weches-Sparta contact indicate a gently
rolling structure. In places the greensand is made up of coarse
oolitic glauconitic material, which is locally indurated to a firm rock.
Such material grades either laterally or vertically into siliceous sand
that contains only small proportions of ferruginous material. In
other places the greensand contains much clay.

The Sparta sand attains thicknesses of 30 feet or more in places
but probably averages less than 10 feet in the vicinity of outcrops of
commercial ore. The ore deposits are so sporadic in occurrence that
it'would be unwise to count on much ore beneath cover without
further extensive prospecting. :

The location of spring horizons varies, depending on the thickness
of Sp'iu'ta overburden and the character of the greensand. Where
the greensand contains much clay or where the Sparta sand is rela-
tively thick, the springs usually iscue from the base of the SDﬂ.l'tﬂ.
formation.

The following descriptions of a few widely scattered exposures serve
to illustrate the extreme variability in character of both greensand
and iron ore.

A small deposit of rich ore occurs near the headwaters of a stream

about a mile due west of Fairview Church (pl. 2). Several beds of
ferruginous sandstone, each 12 to 16 inches thick, occur at the base
of the greensand section. Above these beds is 10 to 15 feet of weath-
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ered greensand that contains a great concentration of brown-ore
concretions. They average about 4 inches in diameter and are mostly
~ of the spongy or massive varieties. In places, as in the stream bed
where it crosses the main road, the concretions are made up of iron
carbonate. Apparently from 15 to 20 percent of the section is ore.

The following section was measured along the road a little less than
a mile due west of Lanier (pl. 2):

Section about 1 male west of Lanier

Ft. in.
Quartz sand (Sparta), with thin clay partings_________ 14
Limonite, ocherous in large part, with coalesced concre-
tionary structure; somewhat sandy in places_.______ 3-8

Glauconitic sand, pink, and white clay in irregular thin
lenses. Many thin lenses of siliceous dark-brown
Jimonite and small concretions (2 to 6 inches in
diameter), usually of spongy ore surrounding a cen-
tral part of heavy massive limonite. Ore is about 10
percent of thickness. A small spring issues at base
of section._ . __ L .L.-. 7

Glauconitic sand and clay, as above, showing very little
ore along ditch, but on hill slope alternations of thick
lenticular beds of limonite with bleached sand and
clay. The limonite is massive or spongy, coalesced
concretionary in structure, and includes much oxidized
greensand. It makes up nearly one-third of the

section. o L eo_ 10
Quartz sand, with some clay, cross-bedded, light-colored,
and of typical Queen City aspect. . . ... . _.__ 6

Carbonate ore, dark gray, containing a few unreplaced
glauconitic grains. Thin streaks of chocolate-brown .
clay included._ . . __ .. 4
Quartz sand, asabove____ ... .. __.__.______._.._ 2
Clay and sand, black to chocolate-brown, with flakes of
lignitic material. Thin, evenly bedded. Near base
several thin beds of buff quartz sand interfingered
with elay. ... S 13
The fact that most of the ore beds penetrate the hill for only a
short distance is a rather common feature and serves only as a warning
against basing tonnage estimates on surface exposures. The presence
of carbonate ore containing glauconitic grains in a series of sands and
clays so typical of the Queen City is strongly suggestive of inter-
fingering of the Weches and Queen City. The carbonate bed may
represent the base of the Weches, but at no other place has the Weches
formation been observed to contain cross—bedded sand and clay of the
type described here.
Not far west of the exposure described above is a small quarry Where
a 4-foot bed of brown glauconitic sandstone has been worked to a
moderate extent for building stone. This ledge is overlain by about
10 feet of weathered greensand rich in concretions and lenses of good-
grade ore.
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Along a stream bed near Antioch Church, half a mile west of Lanier
(pl. 2), there is a remarkable concentration of carbonate ore in the
greensand. The uppermost 5 to 6 feet of the 22-foot thick Weches
section shows alternations of chocolate-colored or brown clays and
sands. The sand is largely quartz but contains some dark-green
glauconitic grains. Several ledges of carbonate crop out in the stream
bed, and one of them marks the Sparta-Weches contact. Below the
siliceous and sandy phase the rest of the section is made up of moder-
ately coarse-grained greensand, which is usually dark green but is
bleached locally. The greensand contains much greenish clay through-
out, and in places there are thin layers of chocolate or gray clay with
abundant flakes of lignitic material. Throughout the section ledges
or concretions of carbonate ore are abundant. They are light-colored
and of fairly good grade, although nearly all contain much unaltered
glauconitic material. All stages in the formation of ore are exhibited.
In places the greensand is merely cemented and hardened by the
addition of siderite between the grains. In other places the alteration
has gone one step further, with the development of concretions.
Finally the concretions have grown together and coalesced to form.
rough, irregular ledges that in places retain some greensand in the
interstices between the original concretions More than 7 feet of
carbonate ore was measured in the entire section of about 22 feet.
along an exposure about 1,000 feet long. It is doubtful, however,
whether any such concentration exists away from the outcrop. In
fact, the presence of large springs at or close to the base of the over-
lying Sparta sand indicates that the bulk of the greensand is imperme-
able and probably contains but little ore.

The long ridge that extends westward toward Cunningham Creek,
about 1}, miles due west of Lamer is devoted to cotton fields, although
the Wechss apparently covers the whols fidge (pl.'2). Thé uppermiost
8 to 10 feet is largely quartz sand, similar to the Sparta sand, but many
rich solid concretions of limonite occur in places. This sand is prob-
ably a mixture of reworked Sparta sand and the upper, more siliceous
Weches beds. Some of it, at least, would yield much good ore. Below
the concretionary zone several thick beds of hardened greensand and:
ferruginous sandstone appear, but they are too low in iron and too
high in silica to have any value.

A well at the east end of this spur exposes more than 2% feet of ore
in a 10-foot thickness of bleached glauconitic sand and clay. The
limonite, which occurs in wavy beds from 1 to-8 inches thick, is appar-
ently of rather good quality, though somewhat ocherous and coated

in places with oxidized greensand. Some carbonate ore remains on:
the dump.

The large area mapped as probable ore that extends southwestward
2 to 4 miles from Laniel_‘ (pl. 2) appears promising. The greensand.
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is about 15 feet thick and contains much brown ore in the upper part
as ledges or concretions, usually from 2 to 6 inches thick, though some
are larger. The lower 6 feet of the greensand contains a considerable
amount of carbonate in places. Possibly the yield of ore from this
area would be about 15 to 20 percent by volume.

In a region where the ore deposits are so variable in character any
estimate of the reserve tonnage is quite likely to be in error. The
areas shown on plate 2 as probable ore appear to be most promising.
The total area is about 600 acres, which may possibly yield 15 to 20
percent of ore by volume from an average thickness between 10 and
15 feet. Some of the areas mapped as possible ore may be equally
rich, but in general the symbol denotes areas where rich concretions
appear close to the surface but where no appreciable thickness of ore
is thought to exist. The 260-acre area of possible ore would probably
not yield much more than 1,000 tons of ore to the acre.

None of the deposits in the Knight-Field district are more than 4
miles from the Jefferson & Northwestern Railway at Lanier. Water
is readily available in nearby Cunningham Creek. A rather large
reserve of ore is indicated, but the deposits are so widely scattered
as to prevent large continuous mining operatlons, and much of the
ore is only of fair or medium grade.

BEAR CREEK DISTRICT (14)

The Bear Creek district comprises the four small ore-bearing ridges
that form part of the divide between Bear and Cunningham Creeks.
They are 1% to 2 miles east of Bear Creek School and about 3 miles
west of Lanier (pl. 2).

The Weches greensand is only 10 to 20 feet thick here, probably on
account of thinning about the edge of the area of nondeposition shown
on plate 2, in the vicinity of Bear Creek School and Flag Pond Creek.
The greensand grades rapidly from material rich in glauconitic sands
to siliceous deposits that yield only ferruginous sandstone on weather-
ing. The areas of commercial ore shown on the map correspond
roughly with the areas of richest glauconitic material in the greensand.

The higher parts of the ridges are covered with a few inches to 10
or 20 feet of Sparta sand, but the average thickness of overburden is
probably not prohibitive, even for these compamtlvely thin deposits
of ore.

The mode of occurrence of iron ore on the largest of the four hills,
immediately east of Bear Creek School (pl. 2), is typical of all the ore-
bearing area. On nearly all exposed surfaces of the greensand many
large and rich concretions of brown ore occur. They range in size
from 2 by 6 inches to large masses that attain dimensions of 3 by 4
feet by 1 foot and are made up of three or four coalesced concretions.
Over much of the area the individual concretions probably average 1
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foot in diameter by 6 or 8 inches in thickness. They are generally
very irregular in shape. The outer shell is commonly slightly earthy
or spongy brown ore, with inner layers of glossy black needle ore. The
centers may be solid ore, hollow, or filled with chocolate-brown to olive-
drab clays. The concretions are apparently confined to a zone within
2 or 3 feet of the surface.

Probably the whole area of 275 acres would yield less than 1 foot of
ore as an average, but the richness of the ore and its occurrence at the
- surface make this seem to be one of the most desirable areas of possible
ore in the North Basin. Small-scale hand operations should recover a
considerable tonnage of excellent ore with the expenditure of a mini-
mum of effort.

West of the road on the main hill there are several long trenches and
shallow pits. Information on their history is not available, but they
seem to be evidence of very old small-scale mining operations rather
than prospect openings.

The district is 3 miles in an air line from the Jefferson & North-
western Railway at Lanier and fully twice that distance over preseat
roads.

CONCORD SCHOOL DISTRICT (15) )

The Concord School district, known also as the Fisher-Miller, Glass-
Story, or Ryans Hill district, comprises the group of small, steep-sided
rocky hills between Black Cypress Creek and Flat Creek, about mid-
way between Hughes Springs and Linden (pl. 2). The hills range in
altitude from 440 to 485 feet, or about 225 feet above the level of the
streams.

The Weches greensand is 20 to 30 feet thick and is composed of
glauconitic material with considerable quantities of clay and quartz
sand. The beds are folded more strongly than in most of the North
Basin, and differences of 20 to 50 feet in the altitude of the top of the
Weches within short distances are the rule. The regional structure is
obscure, on account of the scattered nature of the Weches outcrops in
this region.

As most of the hills are capped by a little of the ferruginous basal
Sparta sandstone, it appears that the full thickness of the Weches is

represented. With the exception of this basal layer the Sparta is
missing over all but a small fraction of the ore-bearing land, and the
overburden consists of only a few inches to several feet of sandy soil.

Most of the iron ore is of the limonitic variety, though excellent
carbonate ore is reported to have been penetrated in some of the
prospect shafts. The brown ore is of medium to good quality and
dark-brown color. Most of it occurs as laminated or cellular beds or
lenses, from a fraction of an inch to more than a foot thick. The ore
deposits are definitely related to the present topography, as without
exception the best ore occurs close to the surface, irrespective of differ-
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ences in altitude. The generalized section of all pits observed is about
as follows:

Generalized section of pits in Concord School district

Sandy soil and wash ore. The ore fragments are in general
of high grade and constitute from 40 to 70 percent of the  Inches

Volume - - eimeaeman 18-36
Limonite, dark brown, laminated or cellular, with irregular
to very wavy surfaces_ . ___o.__-_ 8-18

Greensand, oxidized, with more or less quartz sand and
clay and containing a few thin streaks of ocherous

limonite. . . e 12-40
Limonite, like bed above._ . _ .. ____ . __________....__. 3-6
Greensand, with much clay and some quartz sand, contain-

ing a few thin streaks of limonite. ... ____.___._.._.__ 36-120

The relations shown in this section appear in all pits, and it seems
doubtful whether it would pay to mine below the second ledge of good
ore. The 240 acres of ore-bearing land in this district should yield
close to 2% feet of ore from beds within 5 or 6 feet of the surface.

The combined area of all the isolated depos1ts is small, and transpor-
tation of ore would be a major problem in the exploitation of the dis-
trict. Unless the recently abandoned Marietta line of the Jefferson &
Northwestern Railway were rebuilt, ore would have to be moved to the
railroad at either Linden or Hughes Springs, 6 to 8 miles distant.

NORWOOD HILL DISTRICT (16)

Norwood Hill, about 3% miles northeast of Hughes Springs along
the Linden Highway (pl. 2), should yield a small tonnage of
medium-grade ore. The hill, which is drained by tributaries of Black
Cypress Creek, attains an altitude of about 490 feet above sea level,
250 feet above the level of the creek.

The basal surface of the Weches greensand, which is about 25 feet
thick, ranges in altitude from 435 to 460 feet, with local minor undu-
lations. The greensand is made up of medium-coarse oolitic glau-
conitic sand with some clay and sufficient quartz sand to render the
beds permeable to water. This results in the presence of springs at
the base of the formation and favors rather thorough oxidation of the
greensand. The proportion of quartz sand increases toward the south,
and south of the Linden Highway the outcrop of the Weches is repre-
sented by ferruginous sands and sandstones, with little or no com-
mercial ore.

The Sparta sand covers much of the area and reaches a maximum
thickness of about 20 feet. The basal sandstone layer is well de-
veloped. In spite of the relatively heavy cover, it is probable that
ore extends beneath most of the hill, as the springs at the base of the
Weches indicate permeable conditions throughout the greensand.
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The ore, as is shown in analysis 25 (p. 57), is only of medium
quality. Most of it is a yellow ocherous oxidized greensand, well
indurated locally, and containing sufficient limonitic material to form
strongly pitted surfaces on weathering. From this material, which
is heavy and of fair quality, the ore grades to spongy or cellular limonite
of good weight and color but contaminated with some quartz sand.
In a few places masses of heavy flinty ore, of medium-brown color,
appear. Most of the ledges of brown ore range from 4 to 8 inches in
thickness, and there are probably several such layers in the upper
parts of the greensand. '

The workable area is about 260 acres, of which more than one-third
is covered by sand. The average thickness of ore-bearing material
is probably not more than 10 feet and should yield 20 percent or less
of ore by volume.

The district is not too far from the railroad at Hughes Springs for

economical transportation of ore, but the reserve of ore indicated is
small, and the overburden on most of the area is rather thick.

CHAMBERS-HUGHES DISTRICT (17)

The Chambers-Hughes district receives its name from the J. C,
Chambers and R. Hughes headrights and comprises a group of ore-
bearing hills about 2 miles northeast of Hughes Springs (pl. 2). All
the deposits are small, and most of the ore is only of medium grade,
but the aggregate tonnage indicated is large enough to be of interest.
The hills, which are steep-sloped and irregular in shape, are heavily
wooded in large part. They rise to altitudes of 450 to 500 feet, about
200 feet above the level of Black Cypress Creek, which drains the
northern part of the area.

The Weches greensand is poorly exposed- over most of the area but
seems to be a normal mixture of oolitic glauconitic material with
some quartz sand and but little clay. The formation ranges from
10 to 20 feet in thickness and is nearly flat, though minor undulations
occur locally. .

The contact of the Weches greensand with the Sparta sand, which
overlies parts of the area to a maximum depth of 15 feet, is marked
by the usual thin bed of ferruginous sandstone. The overburden is
thin in general, probably averaging less than 5 feet in thickness.

The iron ore in this district is variable in both character and quality.
Over much of the area the greensand is thoroughly hardened and
forms thick ledges of massive ocherous material. In places this is
obviously too sandy to have any value, but such material grades
locally into heavy massive yellow ocher, streaked with dark brown,
which though higher in alumina and silica than the typical brown

ores of eastern Texas 15 at least of passable grade.
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In places ledges of better-grade sponge ore, similar to that in the Ed
West district (see below), take the place of the indurated greensand.
They. range in general from 6 to 10 inches in thickness, and slabs of
float ore are locally abundant. In places rich masses of kidney ore,
usually with an outer layer of sponge ore, are rather plentiful. Over
most of the area the whole Weches section is thoroughly oxidized,
as would be expected from its thinness and relatively . porous nature,
but one or two wells have penetrated a thin carbonate-bearing zone
near the base of the greensand. This zone is not over 2 feet thick,
and masses of carbonate ore are only sparingly present.

The differentiation between probable and possible ore-bearing
acreage shown on plate 2 is in reality a distinction between the areas
where concretionary or sponge ore predominates and those where
most of the material is merely ocherous greensand. The total area,
of which about one-fourth is of the latter type, is roughly 300 acres.
The ore-bearing material is between 10 and 12 feet in thickness, in
general, and should yield 20 to 25 percent of ore by volume.

The district is not far from Hughes Springs, the logical shipping
point on the Missouri-Kansas-Texas Railway. The Marietta and
Lindeu Highways cross the area. As in the Ed West district, water
could be obtained from Cloninger Creek or Black Cypress Creek.
Some good ore is certainly present, but mining costs are likely to be
high on account of the scattered and sporadic nature of the deposits.
In the matter of quality of product two alternatives are open. Only
high-grade ore might be produced, but in that case rather costly
crushing and washing operations would be necessary to separate the
concretionary and sponge ore from the more ocherous material. On
the other hand, if no such separation were made the final product
would be much lower in grade and freight costs per ton of recoverable

iron would be high.
ED WEST DISTRICT (18)

The Ed West district, so named from the headright survey within
which most of the deposits occur, is 2 miles north-northwest of
Hughes Springs (pl. 2). The principal deposits occupy @ long,
narrow ridge between the Black Cypress and Hughes Creek drainage
systems. The highest part of the ridge is about 530 feet above sea
level and 100 to 200 feet above the main streams.

The Weches greensand is typical in composition and general
character. Its thickness appears to be about 20 to 25 feet on the
western part of the ridge, but farther east the upper beds have been
removed by erosion and only 10 feet or less of greensand remain.
The beds dip toward the southeast with the base of the Weches at an
altitude of about 490 feet on the western part of the ridge and only
460 feet at the east end.
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The Sparta sand and reworked material from that formation covers
only a small part of the ridge. = In the western part the sand reaches a
maximum thickness of about 15 feet, but the average for the whole
ridge is considerably less than 5 feet.

The iron ore that covers the surface of much of the ridge is in large
part dark-brown limonite of good quality. Sponge ore with little or
no interstitial quartz sand predominates, but medium-brown flinty
ore and thick-walled concretions are by no means rare. The spongy
type of ore ranges in texture from very fine to coarsely cellular, with
laminae as much as a quarter to half an inch thick. Nearly all surface
exposures show uncommonly good float, which is probably as abundant
as in the Harris and Bowie Hill districts. In an old shallow trench on
the western part of the ridge 1 foot of gravel, very rich in fragmental
ore, is underlain by a 2-foot ledge of ore, the base of which is not
exposed.

The workable ore-bearing material is probably between 10 and 12
feet in average thickness and should yield about 25 percent of ore by
volume. The area is about 210 acres. The small outlier north of the
Ed West ridge contains a little good ore, but the Weches is thin and
sandy, and only a few tons of ore could be expected.

This district is about 2 miles from the Missouri-Kansas-Texas
Railway at Hughes Springs and a somewhat shorter distance from
Veals Switch on the same railway. The upper parts of Cloninger
Creek (pl. 2) could doubtless be dammed to furnish water and sites
for settling ponds.

HOOTEN HILL DISTRICT (19)

Hooten Hill lies immediately north and northwest of Hughes Springs
and is the east end of the large branching upland that extends westward
from the vicinity of Hughes Springs to a point a mile or more beyond
Veals Switch, in Morris County (pl. 2). As considered here the
Hooten Hill district is limited on the west by the Morris County line.

Coarsely oolitic greensand makes up the bulk of the Weches section
on eastern Hooten Hill, but toward the west the proportion of quartz
sand increases markedly on account of the proximity to a structurally
high area in the vicinity of Veals Switch. The actual thickness of the
greensand is not much more than 20 feet, and it thins rapidly toward
the west to about 10 feet. The abnormal thickness indicated by
plotting the geology on a contour map is apparent rather than real, as
the beds dip southeastward at a rate in excess of 35 feet to the mile.
The base of the formation occurs at an altitude of 450 feet on the
northwestern part of the hill, but in and near Hughes Springs it is at
about 410 feet.

The few springs that occur on Hooten Hill, the largest and best
known of which gives the name to Hughes Springs, issue near the base of
the Wechessection. Aswasnoted in the discussion of origin (pp.44—-45),
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the waters of Hughes Springs contain more than the average quantity of
iron, which occurs as bicarbonate and as sulphate. This fact suggests
that the pyrite content of the unaltered greensand is somewhat higher
in this vicinity than in many other parts of the area.

The Sparta sand covers the higher parts of the hill to a depth of 35
feet or more in places, and over much of the western part of the hill
it is too thick to make the area desirable for mining. The average
thickness over the whole minable area on eastern Hooten Hill, how-
ever, is probably considerably less than 10 feet.

The iron ores are in large part medium- to dark-brown limonite of
fairly good quality. They occur as lenticular beds as much as 18
inches thick, as irregular veinlets or crusts, or more rarely as con-
cretionary masses, some of which assume cigar-shaped or cylindrical
forms and are hollow in places. Near the surface the ore-bearing
gravel is unusually thick and rich in ore fragments. Near the tip of
the hill just east of Hughes Springs there was noted an 18-inch bed of
buff, crumbly ore, overlain by 5 feet of rich ore gravel. The gravel is
commonly from 2 to 5 feet thick, and thousands of yards of it has been
removed for highway construction from several extensive gravel pits,
As the removal of gravel commonly ceases at the top of the first solid
ledge of ore, it is apparent that much iron ore remains even in the pits,

The following section was measured along the road less than half a
mile north of the central part of Hughes Springs (pl. 2). It gives
a somewhat erroneous impression as to the thickness of ore-bearing
material, on account of the southeasterly dip, and as in all other
natural exposures the quantity of ore exposed is doubtless greater than
would be found farther from the outcrop.

Section along road on Hooten Hill, a quarter to half a mile north of
Hughes Springs

Quartz sand, reworked Sparta, with a little ferruginous ¥#t. in.

sandstone float. . _ . ___ . ... 5
Greensand, oxidized and hardened, with about 10 percent -
of sandy. flinty, brown ore in lenticular masses_________ 3

Limonite, dark brown, flinty, with notably botryoidal
lower surface. Inclusions of reddish clay locally
present__ e 8
Greensand as above, with 15 to 20 percent of limonite by '

Limonite, dark brown, flinty, interbedded with light-
colored clay and indurated ocherous greensand. Total

of 32 inches of ore in beds 2 to 12 inches thiek ... ________ 4
Greensand, poorly exposed, but apparently mostly oxidized,

with about 15 percent of ore in thin lenses ____________ 8
Limonite, like bedsabove_ _ . __________.:i___.________ 6-10

Greensand, oxidized and hardened, yellow and ocherous,
containing veinlets and irregular masses of dark spongy
ore. Apparently at least 25 percent of sectionisore.._. 14
Queen City sand and clay (exposed portion) . ... _..__._ 20
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This section shows 10 feet of ore in nearly 40 feet of ore-hearing
material, or about 28 percent of ore by volume.

The carbonate zone on Hooten Hill as shown in a few wells is less
than 2 feet thick, and although rich in ore it is neither extensive nor
thick enough to bear much promise. A large area in the west-central
part of the district is almost entirely barren of iron ore, a fact doubtless
due to a combination of heavy cover and the paucity of iron in the
greensand.

The area of ore-bearing material on the eastern part of Hooten Hill,
less than a quarter of which is covered with sand, is about 300 acres.
The minable material is between 10 and 12 feet thick and should yield
25 percent or more of washed ore by volume. More than two-thirds
of the 500-acre area of ore-bearing land on the western part of the
hill, exclusive of the barren ground, is covered with Sparta sand.
The combined thickness of the brown ore and carbonate zones is
about like that on the eastern part of the hill, but the grade of the
ore and the ratio of ore to waste are lower.

This district is so close to the Missouri-Kansas-Texas Railway
that transportation of ore will not be a serious problem. Water can
probably best be obtained from nearby Cloninger Creek. The ore
is of fairly good grade, and the reserves indicated are sufficient to
make this area of considerable interest.

GOODSON-PREWITTS LAKE DISTRICT (20)

The narrow discontinuous ridge that extends from the vicinity of
Goodson School, about 5 miles east of Hughes Springs, nearly to
Prewitts Lake School, 3 miles to the south (pl. 2), contains several
comparatively small areas of distinet promise. This area is also
krown in part as the Blanton-Clark district. The ridge forms part
of the divide between Black Cypress Creek and Turkey Creek and
attains an altitude of about 425 feet in the highest parts.

The Weches greensand consists largely of coarse olive-greenish
brown glauconitic sand, though some quartz sand and clay are dis-
tributed throughout the formation. In one or two places there are
lenses of yellow quartz sand, similar to the underlying Queen City
sand, that perhaps indicate an interfingering of the two members.
The greensand, whose upper surface ranges in altitude from 390 to

430 fect on account of gentle and irregular local folds, has a maximum
thickness of 20 feet. In some places, however, there is only 5 to 6

feet of greensand. A

The Sparta sand covers most of the higher land to depths of 1 to
20 feet, with an average of somewhat less than 10 feet. Two wells
show that ore extends under at least 8 feet of cover, and because of the
permeable nature of the greensand it is probable that even the thickest
cover is underlain by seme ore.
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Most of the iron ore consists of ledges of brown ore from 1 inch to
2 feet thick, though small concretions occur in places. The brown-ore
zone is underlain in general by 3 to 4 feet of carbonate-bearing green-
sand. The brown ore is mostly dark and spongy, though light-brown
flinty or ocherous material is present locally. The beds or ledges of
ore commonly have.uneven botryoidal surfaces and are made up in
part of coalesced concretions. All the ore is contaminated with more
or less quartz sand and oxidized greensand.

The best ore seems to be close to the surface, but there are usually
several ledges of ore in the section, and in places a thin but rich bed
marks the contact of the Weches with the Queen City.

The area mapped as containing probable ore covers about 430 acres,
of which more than half is covered by Sparta sand. The brown-ore
zone should average about 6 or 7 feet in thickness and yield about 20
percent of ore by volume. The carbonate zone is probably not over
4 feet thick in most of the area and contains a somewhat smaller
proportion of ore to waste.

Much of the exposed area of Weches on this ridge that is not classed
as probable ore shows many concretions or slabs of good ore at the
surface. The ore is not sufficiently abundant to justify large-scale
mining operations, but hand gathering of the ore fragments might
possibly prove profitable in connection with larger-scale operations
in the richer areas. The same statement js true of the small areas
mapped as possible ore on the narrow ridge between Turkey and
Hughes Creeks, 1 mile west of the Goodson-Prewitts Leake district..

The district is only about 2 miles from the Missouri-Kansas-Texas
Railway at Patman. The area of exposed ore and the reserve of ore
indicated are comparatively small, however.

AVINGER DISTRICT (21)

Several small deposits of more or less doubtful value occur within a
radius of 2% miles of Avinger, in the southern part of Cass County.
They occupy parts of the outliers of Weches greensand northeast
and southwest of Avinger and of the large upland that extends south-
ward from Avinger into Marion County (pl. 2). The hills attain
altitudes of 375 to 450 feet. v

The Weches varies in thickness from place to place between limits of
10 and 25 feet, and lateral variations in composition are rapid. The
beds dip eastward at rates of 30 to 50 feet to the mile.

Brief descriptions of the individual areas will serve to give a better
idea of the district than an attempt at generalizations.

Limonitic float is very abundant on the eastern part of the ridge
about 1 mile northeast of Avinger (pl. 2). The Weches greensand
is about 20 feet thick and grades laterally from fairly rich glauconitic-
material on the east to ferruginous sand farther west. Most of the ore
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crops out as loose slabs or ledges from 3 to 8 inches thick. 1n one
place a ledge 3 feet thick is exposed at the surface over an area of 200"
to 300 square yards. The ore varies greatly in quality but is pre-
dominantly siliceous. Most of the material is dark-brown, hard
cellular or spongy ore. Some slabs grade from ferruginous sandstone
on one side to good ore on the other, and nearly all the ore contains
considerable quartz sand, especially as coatings on the ledges. Hard
oxidized greensand containing much ocherous limonite takes the place
of the ore beds locally. Wells and prospect pits show that there is
little or no good ore beneath the Sparta sand. Mining would be
limited to the exposed portions of the Weches, which cover about 55
acres, but it seems likely that from 1% to 2 feet of somewhat siliceous
but otherwise desirable ore could be obtained from a thickness of 10
feet or less of ore-bearing material.

The small hill south of Sturdivant Branch, 1% to 2 miles north of
Avinger (pl. 2), bears promise of a possible small prodi.ction of ore.
The Weches is only 10 to 15 feet thick here, and the Sparta sand is
missing except for the occurrence of fragments of the characteristic
basal sandstone on the higher parts of the hill. The greensand is
largely coarse-grained oxidized glauconitic material, usually rather
hard in surface exposures. At or near the base of the greensand
there is a persistent zone in which high-grade concretionary sponge
or kidney ore is abundantly distributed. The concretions are in
many places coalesced and form ledges 10 to 12 inches thick that are
exposed on all the spurs from the main hill. In addition to this
ore-bearing zone, the higher parts of the hill, particularly along the
main road, are covered with 2 to 3 feet of sandy gravel that contains
probably 75 percent of iron ore as fragments and concretions from: 2
to 10 inches.in diameter. It is believed that shallow stripping opera-
tions should recover 1} feet or more of ore from an average depth
of about 5 feet over the entire 80-acre area of this deposit.-

_Some ore is sporadically distributed over the small heart-shaped
hill about 2} miles northeast of Avinger (pl. 2), but the possible ton-

nage indicated is small and even so would necessitate selective mining.
The Weches ranges from 10 to 15 feet in thickness and is covered by
8 feet or less of Sparta sand. Numerous slabs and concretions of
sponge or kidney ore occur at the surface, and on the northern part of
the hill, west of the main road, a small area is thickly covered with
large masses of good ore. The concretions are in part filled with white
clay. Ferruginous sandstone is associated with the ore.throughout
the area, and careful hand picking would be necessary to maintain an
acceptable grade of product.” This deposit might possibly yield an
average of 1 foot of ore from beds within 3 or 4 feet of the surface,
but the prospects are not very encouraging. .
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Part of the branching hill 1 to 2 miles southwest of Avinger (pl. 2)
contains a small deposit of rich concretions, which, though too thin
to justify large mining operations, might yield a few hundred tons
of excellent ore to the acre with small-scale methods. The Weches
is 10 to 20 feet thick and is covered in part by Sparta sand or by re-
worked material from that formation. The concretions, which are
4 to 8 inches in diameter, are composed of very hard chocolate-colored
limonite and are evidently of high grade. They seem to occur at
two or more horizons within the greensand and cover much of the
surface on slopes near the central part of the hill.

Two miles southeast of Avinger, east of the point where the Missouri-
Kansas-Texas Railway crosses the Marion County line (pl. 2), an
eastward-flowing stream has exposed parts of what appears to be the
most promising deposit of ore in the vicinity of Avinger. Burchard 52
describes the surface showings in this locality as follows:

Near Orr switch, at the south edge of the county, a ledge of limonite has been
mined on the sides of the valley of a small creek, about a quarter of a mile north-
east of the railway. Theledgeis generally 1foot 4 inches to 2 feet thick but attains
in one place an exceptional thickness of 6 feet 6 inches in three reefs, separated
by two lenses of glauconitic sand 4 inches to 1 foot 4 inches thick. At this place
the ledge crops out at the surface, but where the ledge is thinner there are gen-
erally 2 to 3 feet of soil and loose ore debris above it. This ledge of limonite
may be traced down the hill nearly to creek level. The ore is in rounded nodular
masses, coalescing so as to form a ledge. Some of the ore is sandy and contains
layers and coatings of glauconitic sand, but most of ‘the ledge is limonite of good
quality. It has been mined by pick and shovel along the outcrop in two or
three places for afew hundred feet each. What is apparently the equivalent of this
ledge has been mined at the top of the hill about a quarter of a mile southeast of
the creek and about the same distance from the railway. Here a shallow trench
extends around the crest of the hill and exposes ore generally from 1 foot to 1
foot 6 inches in thickness.

Much of the brown ore has been removed from this deposit, but
there are indications that an area of 65 to 70 acres is underlain by a
zone of carbonate ore about 10 feet thick which should yield 15 to 20
percent of ore by volume.

With the exception of the last-described area, none of the deposits
in the Avinger district seem to be of high grade or to contain large
potential tonnages of ore. Doubtless many thousand tons of ore
could be recovered by careful mining, but the deposits are scattered,
and the ore is sporadically distributed.

SPRING HILL DISTRICT (22)

" The Spring Hill district, known also as-the Stewart-Welch district,
lies in southwestern Cass County, about 4 miles northwest of Avinger
(pl. 2). Much of the surface of Spring Hill itself, in the vicinity of

# Burchard, E. F., op. cit., p. 85.
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Spring Hill Church, is covered with concretions of brown ore, and
careful hand-mining operations might possibly be rewarded with the
- recovery of a few hundred tons of ore to the acre. The most promising
deposit, however, is about 1 mile west of Spring Hill, on the eastern
part of the large hill that extends eastward from the county line in
the vicinity of Harris Chapel. The ore-bearing part of the area
attains altitudes between 375 and 450 feet.

The Weches greensand is about 20 feet thick and has the usual
composition. The beds dip gently toward the east, the altitude of
the Weches-Sparta contact being about 440 feet at a point about a
quarter of a mile southeast of Harris Chapel and a little less than 400
feet along the eastern part of the hill (pl. 2).

Locally the Sparta sand is as much as 20 feet thick, but the average

thickness of cover, exclusive of that part of the area where the
Weches is exposed, is probably 10 feet or less.
. Large boulders of high-grade ore appear at or near the surface over
much of the area. The boulders are mostly heavy dark-brown con-
cretionary masses, relatively free from sand, but some of them are
ocherous. There are apparently several zones of such concretions in
the weatherd portion of the greensand. In one water well a 6-inch
bed of massive, hard gray iron carbonate was penetrated, and it is
reliably 1eported that an abundance of carbonate ore underhes the
brown-ore zone.

The distribution of the ore seems to be sporadic, owing perhaps to’
lateral variations in the character of the Weches sediments, but ex-
posures are poor, and further prospecting is necessary to delimit ac-
curately the areas of .commercial ore. It is likely that the areas
shown on: plate 2 as probable ore, which aggregate about 180 acres,
will yield from 7 to 10 feet of ore-bearing material, that contains an
-average of 20 percent of ore by volume. Surface showings on the
areas mapped as of possible value are not so promising, but further
prospecting might serve to show that they contain considerable ore.

The Spring Hill district is 3 miles:in an air line west of the Missouri-
Kansas-Texas Railway. Avinger, the nearest station on tbis railway,
is about 5 miles distant over existing roads. The probable reserves are
small, and the area could probably be worked only in conjunction
with operations in the Morris County line district, farther west.

MORRIS COUNTY

Morris County adjoins Cass County on the west and contains in
1ts southern portion the westerly extension of the iron-bearing region.
With an area of 259 square miles, it had in 1930 a population of 10,028,
of whom about 37 percent were colored and nearly 75 percent were

classed as rural-farm inhabitants. Dalngerﬁeld (population 818), 1
the south-central part of the county, is the county ‘seat and a st&mon
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on the Missouri-Kansas-Texas Railway. Naples (population 843)
and Omaha (population 506) are on the St. Louis-Southwestern
(Cotton Belt) line farther north.

The first settlers came from Tennessee in 1839 and located on the
high land near the present site of Daingerfield, where they built a
fort to protect themselves against the Indians. During the fifties
large numbers of people came from Tennessee, Georgia, and Alabama,
and most of the present inhabitants are their direct descendants.

Farming and timbering are the chief industries. Some pottery clay
is produced in the vicinity of Omaha and Naples, and the deposits
of ferruginous gravel near Daingerfield are intermittently but ex-
tensively worked for highway and railroad ballast.

The surface of the county is gently rolling except in the southern
part, where the Weches greensand member of the Mount Selman
formation forms steep, rocky hills. It ranges in altitude from 245
feet to more than 600 feet. The divide between the Sulphur River
and Cypress Bayou drainage basins crosses the county in an east-west
direction in the vicinity of Omaha.

Southward from the Sulphur River the Wilcox, Carrizo(?), Reklaw,
and Queen City beds appear at the surface in order.

The Weches greensand, capped in places by Sparta sand, occurs as
a relatively large outlier that extends along the line between Cass
and Morris Counties from Marion County to a point several miles
northeast of Daingerfield. The long chain of narrow, disconnected
tidges that extends southward from the vicinity of Daingerfield has
also been carved from the Weches greensand.

The iron-ore deposits of Morris County are described below under
four districts, although with the exception of the Daingerfield district
the dividing lines are somewhat arbitrarily drawn. The Morris
County line district extends a short distance into both Cass and

Marion Counties.
’ DAINGERFIELD DISTRICT (23)

The iron deposits on Daingerfield Hill have been almost entirely
neglected by those interested in acquiring Texas iron-ore lands, al-
though they seem to compare favorably with the deposits in the
vicinity of Hughes Springs. This prominent hill, which reaches an
altitude of 612 feet, is about 1 mile northwest of Daingerfield, the
county seat of Morris County (pl. 2).

The Weches greensand is here 90 to 112 feet thick, nearly five times
its average in the North Basin. The base of the Weches, which is
marked by a hard bed of ferruginous sandstone from 1 to 4 feet thick,
occurs at altitudes of 500 to 520 feet, and the uppermost part of the
hill, at 612 feet, is partly covered with thin slabs of the ferruginous
sandstone that is typical of the Sparta-Weches contact.

33781—38——9
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Surface exposures are good in general, and wherever seen the green-
sand seems to be made up almost exclusively of glauconitic oolites,
with little or no clay and sand. The oolites are somewhat coarser
in the western part of the hill, but with this exception-the greensand
is remarkably uniform in character throughout the hill.

The greensand seems to have been laid down in a deep, narrow
trough, which probably subsided as deposition progressed. The
Weches that is exposed on the ridges southwest of Daingerfield, shown
on plate 2, is 50 to 60 feet thick and very similar in character to the
material on Daingerfield Hill, although iron ore is almost entirely
lacking. This indicates that the trough extended at least 6 miles
in a north-south direction. That it was probably not much more
than 2 miles wide is shown by the thinness and more sandy character
of the greensands 2 to 3 miles east and southeast of Dalngerﬁeld

The overburden over the whole of Daingerfield Hill is negligible
and consists of thin sandy soil which itself contains large amounts
of fragmental iron ore.

The only spring noted on the hill issues near the base of the green-
sand on the southeastern spur, but there is nothing to indicate whether
or not the body of the greensand is permeable to ground water.

The whole surface of the hill is covered with a mantle of ore-
bearing gravel, and thousands' of yards of road-building material has
been removed from several extensive gravel pits on the southeastern
slopes. As exposed in the pits and in shallow prospect holes, the
gravel is from 1 to 5 feet thick and consists of medium- to dark-brown,
flinty, somewhat mottled limonite mixed with much indurated oolitic
greensand. Individual fragments of ore range from some the size of
a pea to slabs 6 inches thick by 18 inches long, with an average
diameter of 1 to 2 inches. In most places the limonite makes up
40 to 50 percent of the volume of the gravel

The gravel has been entirely removed in some areas, and in such
places the flinty ore is seen to occur as a network of thin veins that
connect horizontal beds of the same material. Both veins and beds
have botryoidal surfaces in places (pl. 11, 4). All the ore is very
crumbly, and some of it strongly resembles the buff crumbly ore of
the South Basin. Few of the horizontal beds are more than 6 to
8 inches thick, and apparently none of them are continuous for more
than a few feet. Recent earth movements are possibly in part the
cause of the broken nature of the ore and the unusually strong
development of veins. The quality of the ore shown by a single

analysis (no. 32, p. 58) is somewhat better than that of most of the
deposits near Hughes Springs.

Quantitative data as to the depth of weathering and thickness of the
ore-bearing zone are lacking for the most part. A well near an aban-
doned house on the southeasterly spur (pl. 2) exposes 30 feet of oxidized
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greensand that contains at least 25 percent by volume of ore as thin
beds and veins. Below the oxidized zone, at the present water level,
the greensand is comparatively fresh and dark green. Another well
-on the saddle between the southeasterly spur and the main hill, about
30 feet lower in altitude than the well just mentioned, was cleaned and
pumped out to a depth of 10 feet. The section exposed consisted en-
tirely of dark-green glauconitic oolites, all more or less firmly cemented
by iron carbonate. No ore occurs in this well, although the carbona-
tized greensand itself contains about 35 percent of metallic iron, as
shown by analysis 6, page 25.

Further prospecting is necessary on Daingerfield Hill before definite
estimates of ore reserves can be made, but the indications are that the
weathered zone is deep and that at least 20 feet of ore-bearing material,
containing perhaps 25 percent of ore by volume, can reasonably be
-expected from the whole area of 330 acres.

The area is readily accessible to the Missouri-Kansas-Texas Railway
at Daingerfield, and an aerial tram could be used to move the ore.
Sufficient water for washing could doubtless be obtained from Brutons
‘Creek, about a mile east of Daingerfield.

VEALS SWITCH DISTRICT (24)

The rolling sand-covered upland north of Veals Switch, in eastern
Morris County (pl. 2), is a continuation of the western part of Hooten
Hill in Cass County and is like that area in general character though
even less promising as a potential producer of iron ore.

This area is apparently near the top of a structural high and the
Weches is in consequence thin and sandy. It is in general 10 to 12
feet thick but thickens in places to 20 feet. The quartz sand, which
occurs in sufficient quantities to give a greenish gray appearance to
the fresh greensand, is sporadically distributed and accounts for the
spotty nature of the ore deposits.

The Sparta sand is 35 to 40 feet thick over part of the area and covers
nearly all of it to a considerable depth. In places, particularly at
Veals Switch and near the northwestern extremity of the hill (pl. 2),
the basal sandstone of the Sparta is very well developed and reaches
several feet in thickness. The usual [erruginous character and dark
color of the sandstone is lacking for the most part, and the grains of
sand are apparently cemented with silica instead of iron hydroxide.

The northeastern spur of this area is separated from the Ed West
ridge by only a shallow depression, and the ores are very similar in
character to the deposits on that rldge (p. 115). Of this part of the
area Burchard % says:

Some surface mining was done 12 or 13 years ago [about 1902] to supply the
blast furnace at Jefferson. Several shallow test pits dug in 1910 show limonite

s Burchard E. F., op. cit., . 89.
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in ledges from 8 inches to 4 feet 4 inches thick, the maximum representing an.
unusually thick mass.

West of this area the ore is for the most part so thin and scattered
that it is doubtful if a yield of much more than 1,000 tons to the acre
could be realized. .

In a few places a fairly good grade of laminated or concretionary
brown ore forms a ledge from 6 to 10 inches thick close to the outcrop,
but the underlying beds are very lean.

A well not far from the outcrop, about a mile north of Veals
Switch, penetrated 12 feet of Sparta sand, 1 foot of sandy low-grade
limonite, and a 10-inch ledge of solid but very sandy iron carbonate.
Below the carbonate 4 feet of greenish-gray greensand containing
much fine quartz sand and some clay was encountered. A partial
-analysis of this material showed a total iron content of less than 7
percent, which explains the siliceous character of the resultant ores
(analysis 7, p. 25). :

The railroad cut immediately west of the siding at Veals Switch
shows the following section: *

Section in railroad cut at Veals Switch

Yellow sand and sandstone [Sparta, possibly reworked in
part, E.B. E.} . 3-8
Tron ore - ______. 1

~JTron ore. - ealo_. 1-2
‘Gray to chocolate-colored clay containing concretions of
iron carbonate from 2 to 15 inches thick_____________ 8-10
Nearly all the ore reported in this section is extremely ocherous and
porous. There is much honeycomblike material with very thin walls
of ocherous limonite. The intervening sands contain much quartz
sand and clay, and apparently the original content of glauconitic
material was relatively small. The chocolate clay and sand at the
base of the section contains small greenish blebs of glauconitic sand,
suggesting some interfingering with the underlying Queen City sand.
‘All the carbonate ore is very sandy, but a few pieces found on the
dump of the cut contain large bladed crystals of glassy siderite.

Small springs seep out ab the top of the dark clays and probably ac-

count for the preservation of carbonate at the surface of an artificial
exposure for nearly 30 years.

8 Eckel, E. C., The iron ores of northeastern Texas: U, S. Geol. Survey Bull. 260, p. 352, 1905.
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The small area in the northeastern part of the Veals Switch district
covers about 125 acres and should yield roughly 25 percent of ore
from a 10- to 12-foot thickness of ore-bearing material, but the rest of
the district is not considered capable of producing more than 1,000
tons of ore to the acre from the 475 acres that is covered by less than
10 feet of Sparta sand. Further prospecting is necessary, however,
to prove the probable value of the district.

OAK GROVE-ROCK SPRINGS DISTRICT (25)

The Oak Grove-Rock Springs district is a somewhat arbitrary divi-
"sion, and comprises all the area south of the Missouri-Kansas-Texas
Railway and west of the Cass County line as far south as Rock Springs
School (pl. 2). This hilly, relatively inaccessible, and heavily wooded
upland is part of the great ridge of Weches greensand and Sparta sand
that extends southward along the Morris-Cass County line into
Marion County.

The western slope of this ridge is drained by Brutons Creek and
the eastern slope, which shows little promise as a source of iron ore,
is drained by Hughes and Peacock Creeks. The ridge attains alti-
tudes of 450 to 530 feet above sea level, in general less than 200 feet
above the main streams.

The regional dip of the Weches is toward the southeast, though
local undulaiions occur throughout the area. The greensand con-
tains relatively little sand or clay except in the northern part of the
district, where it grades into material of the type described above as
occurring in the Veals Switch district. The thickness ranges from
10 to about 30 feet, with an average between 20 and 25 feet.

The district contains several streams and most of them continued
to flow throughout the summer of 1934, toward the end of one of the
longest droughts in local history. Most of the springs that feed
these streams issue from. the Weches greensand or from its base, but
a few occur at the Sparta-Weches contact.

More than half the area is covered by Sparta sand, which reaches
a maximum thickness of 35 feet on the highest ridges and probably
averages 10 to 12 feet. Even the areas where the Sparta sand is
thickest are commonly underlain by iron ore except in the general
vicinity of Veals Switch.

Most of the ore that is exposed at the surface in this district is
brown ore, though a rich and relatively thick carbonate zone under-
lies the brown ore away from the outcrops. All varieties of brown
ore occur, and most of the material is of at least as good quality as
the average ore in the Hughes Springs area. Ledges or beds of
cellular or laminated ore range from 3 to 18 inches in thickness, and
large concretions of rich needle and sponge ore are abundant in
places
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Exposures in the gravel pits near the Veals Switch siding show 3 to
4 feet of material rich in fragments of flinty and crumbly ore and
much hardened greensand that contains more or less limonite through-
out. Most of the ore is siliceous or ocherous, but rich concretions as
much as several feet in diameter are sparingly distributed through
the gravel. They are usually hollow, with linings of needle or kidney
ore and outer shells of sponge ore an inch or more thick. In a cavity
of one of these concretions a little light-green powder was found.
This is probably the hydrous iron phosphate mineral allied to dufrenite
noted by Burchard from this locality.

Near the ends of the small ridges that project southward from the
vicinity of Oak Grove School some good ore occurs at or close to the
surface in the form of concretions and cellular or spongy beds. The
thickest of those seen by the writer were only about 6 inches thick,
but Burchard ® notes the occurrence of a ledge ‘“‘a few inches to 6 feet
thick over many acres.” This statement was based on observations
of several shallow pits and trenches that were not open in 1934.

The long sand-covered ridge about 2 miles southwest of Oak Grove
School and the small outliers that intervene between this ridge and
the main mass of Weches greensand contain ore of very bigh grade
in places. It occurs as large concretions or thick ledges, but the
distribution is erratic, and probably half of the area is barren.

Exposures along the westerly projections from the main ridge be-
tween Qak Grove and Rock Springs Schools show several 4- to 8-inch
beds of slightly sandy brown ore, separated by weathered greensand
that contains a high proportion of glauconitic material. Along the
eastern slope of the main ridge very little ore appears except in the
area just north of Rock Springs School, where a little good ore occurs
as concretions close to the outerop.

An area of nearly 1,200 acres in this district is beheved to contain
commercial ore. The oxidized zone probably averages 7 to 8 feet in
thickness and should yield about 20 to 25 percent of ore by volume.
The carbonate zone, which underlies the oxidized zone a few feet
away from the outcrop and probably displaces it entirely where the
cover is very thick, is probably about half as thick as the oxidized

zone and should yield not more than 15 to 20 percent of ore by volume.
This district is from a quarter of a mile to 2} miles distant from

the Missouri-Kansas-Texas Railway, and even though it is heavily
wooded and has poor roads, transportation of ore to the railway
would not be so formidable a problem as in some other areas, such
as those farther south in Morris County.

MORRIS COUNTY LINE DISTRICT (26)

The Morris County line district extends southward from Rock
Springs School along the line between Cass and Morris Counties and

# Burchard, E. F., op. cit., p. 80.
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a short distance into Marion County (pl. 2). Most of the area is in
Morris County, though small parts of Cass and Marion Counties are
included. The irregularly branching hill that parallels the county
line and contains the iron ore attains altitudes of 475 to 525 feet,
generally less than 200 feet above the levels of Brutons and Alley
Creeks, which drain the area.

The Weches greensand is 20 to 35 feet thick in most of the area,
but thickens locally to as much as 55 feet. Few deposits of com-
mercial ore occur in the very thick portions, although the proportion
of glauconitic material is there unusually high. The richest ores are
usually formed where enough quartz sand occurs in the greensand to
render it permeable to ground water. The top of the Weches occurs
at altitudes of 435 to nearly 500 feet, and although local undulations
of some magnitude are the rule, a structurally low area in the vicinity
of Rock Springs School and eastward is indicated by scattered obser-
vations of altitude.

The Sparta sand, whose base is marked by the usual ferruginous
sandstone, covers about one-third of the area to an average depth of
about 10 feet. Its maximum thickness is about 35 feet, but on the
other hand there are large areas where the ore beds are covered by
only a few inches to several feet of sandy soil. Where the Sparta is
thick the greensand is either barren or contains only carbonate ore.

In this district, as in the Oak Grove-Rock Springs district, farther
north, there are numerous perennial streams fed by springs that issue
from the Sparta-Weches contact, from Weches greensand, or from the
contact of the Weches with the Queen City sand. The relation
between quantity of ore and spring horizon is not as marked here as
elsewhere in eastern Texas, but the relatively large amount of water
available has undoubtedly played a part in the formation of the rich
iron deposits of this district.

Iron ore occurs as both limonite and carbonate, and most of it
appears to be of higher quality than the average of the ores in western
Cass County. The brown ore is similar to that in the Oak Grove-
Rock Springs district and occurs as ledges of cellular or massive ore
from 6 inches to 1 foot thick or as concretions of varying size. The
carbonate occurs in similar massive beds or as nodules and concre-
tions. In many natural exposures fully half the iron-ore material
is carbonate, which doubtless owes its partial or entire preservation to
the permanent character of the streams. Probably no separation of
the two types of ore could be made in mining, as the usual distinct
zones of brown ore and carbonate are lacking for the most part and
many of the exposed masses of carbonate are partly altered to limonite.
‘On account of the covered areas, where carbonate ore is always rela-
tively more abundant, this district should produce somewhat more
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carbonate than brown ore—a ratio that is probably unique among the:
deposits in eastern Texas. ’ '

The area classed as capable of producing commercial ore is about
2,500 acres, of which one-third is covered with Sparta sand. More
than half of this area is rich in ore-bearing material, which appears to
contain at least 50 percent of ore locally but a probable average of
20 percent or less by volume. The combined brown- and carbonate-
ore deposits are between 17 and 20 feet in average thickness.

The district is 2% to 9 miles from the Missouri-Kansas-Texas Rail~
way at Hughes Springs and about 6 miles in an air line from Avinger,
on the same railway. The distribution of the ores is not uniform,
existing roads are poor, and the area is in general inaccessible. Not-
withstanding these unfavorable circumstances, the district bears much
promise on account of the high aggregate tonnage of good-quality
ore that is indicated and the relatively thick section of ore-bearing:

material.
MARION COUNTY

Marion County lies just south of Cass County (pl. 2) and contains.
a few deposits of iron ore, though it has by no means the reserve of
ore that is locally attributed to it. The county has a land area of 391
square miles and a population of 10,371, according to the census figures.
for 1930. Of the total population 62 percent are colored and 70
percent are classed as rural-farm dwellers. The Missouri-Kansas-
Texas, the Texas & Pacific, and the Jefferson & Northwestern Rail-
ways join at Jefferson, the county seat (population 2,239), which is one
of the oldest towns in Texas and the only one of any size within the:
county. The old Lone Star blast furnace was located on the outskirts.
of Jefferson. Three main highways cross the county, but much of the
intervening area, particularly along the major streams, is relatively
inaccessible. All the streams drain into Caddo Lake, part of which
occupies the southeast corner of the county. Several years ago Jeffer-
son was the head of navigation above Caddo Lake, but Cypress Bayou
is not navigable at present.

The rolling surface presents the appearance of an undulating plain
except along some of the major streams, which have cut steep cliffs.
in places, and in the northern part of the county, where several steep-
sided hills that are held up by a cap of ferruginous material stand out.

above the general level. The altitude ranges between about 200 and.
450 feet.

Agriculture, timbering, and petroleum production from the western.
part of the Caddo oil field are the chief industries. Much ferruginous

gravel is produced for highway construction and railroad ballast.
Most of this is used locally, but some gravel and rock are shipped to
other parts of the State. ‘



MARION COUNTY . 131

The-southeastern third of the county is occupied by Reklaw, Wil-
«cox, and possibly Carrizo sediments, which are brought to the surface
by the Sabine uplift. The rest of the area is occupied by the Queen
City sand, which is surmounted in the northern and western part
-of the county by relatively small outliers of Weches greensand and
Sparta sand. These represent the southerly extension of the iron ore
region of Cass County.

" In addition to the Gilbert, Orrs Switch-Lassater, and Hagerty
districts, described below, part of the iron deposits of this county have
been included in descriptions of the Avinger district, Cass County,
and the Morris County line district, Morris County. A

GILBERT DISTRICT (27)

" The Gilbert district is in western Marion County, about 6 miles
southwest of Avinger (pl. 2). It comprises a group of comparatively
small deposits, most of which are within the Walter Gilbert headright,
and is of special interest as the site of the first Texas iron furnace.
‘This was the Nash furnace, which was in operation before 1859.
Furthermore, about 7,000 tons of ore, averaging more than 57 per-
«cent of iron, was shipped by steamer to Philadelphia from this district
in 1913. The Port Bolivar Iron Ore Railway was built some years
ago to transport ore from this field to Longview and thence over the
‘Texas & Gulf Railway (Atchison, Topeka & Santa Fe system) to
Port Bolivar, on Galveston Bay. The line has been abandoned, but
most of the roadbed is in good condition, and the standard-gage
tracks have not been removed.

The ore occurs at the flat tops of several small, steep, heavily
‘wooded hills that reach altitudes of about 400 feet. They form part
of the divide between Big Cypress Creek and Alley Creek, one of its
tributaries. The largest of the group, which is known as 75-Acre
Hill, resembles Bowie Hill, Cass County, in many respects, particu-
larly in the flat top and the extremely irregular outline.

The Weches greensind is only 5 to 6 feet thick over the greater
part of the area. That this thinness is due to original deposition
tather than to later erosion is indicated by the regularity of the
upper and lower contacts and by the presence of typical basal Sparta
sandstone at the top of the greensand. This sandstone occurs only
as restdual fragments where erosion has cut below the top of the
Weches. .

Much of the ore-bearing area is covered by only a few inches of
sandy. soil, but in places there are remnants of Sparta sand from 2
or 3 to 10 feet thick. Because of the thin and permeable nature of
the greensand, the springs that drain these hills issue from points
well below the base of the Weches.
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Burchard’s description of the deposits on 75-Acre Hill is alse
applicable to the smaller hills in the district. He says: %

The ore is exposed along the brow of a high, flat-topped wooded ridge, known
as 75-Acre Hill. The base of the main ore ledge lies about 80 feet above the
railway spur and, according to company maps, is at an altitude of about 370 feet.
In open cuts made in 1913 the ore is shown to be concretionary limonite, gen-
erally of high grade. In the cut which extends about 500 feet N. 30° W. from a
point near the tipple the best ore forms a ledge 8 to 15 inches thick 2 to 4 feet
below the surface and is overlain by sandy ledges of ore and ore debris in the
soil. The ledge is concretionary in structure, and some of the ore debris consists
of concretions. About a quarter of a mile northwest of the first cut another
cut has been made along the brow of the ridge and around the head of a hollow.
This cut is about 800 feet long and 3 to 6 feet deep and discloses a ledge of ore
that is in places very thick. In one place 5 feet of excellent ore was measured,
composed of two concretionary ledges and extending down from the grass roots.
At another place a concretionary mass of ore measures 4 feet in thickness. At
other places the good ore is only about 1 foot thick, with sandy ore and clay
above it.

Aside from the mine cuts, 75-Acre Hill seems to have been fairly well tested by
pits and other marginal and surface cuts. A contour map on a scale of 200 feet
to 1 inch, with 10-foot contour intervals, has been made, and by its use it has
been determined that there is on this hill perhaps 30 acres of ore-bearing land,
besides 25 acres carrying float ore. Most of the test pits are shallow and show
a moderate quantity of ore, generally not more than 10 to 15 percent by volume.
Many ferruginous boulders are scattered about the surface, but these are mostly
too sandy to be considered good ore.

In all, nearly 200 shallow pits were sunk in this district. Many
of them are still open, and exposures along thie margins of the hills
are fairly good. The following section, measured in a deep water
well in the central part of 75-Acre Hill, is typical of most of the pits
that have been dug at any distance from the edge of the hill.

Section in water well on 75-Acre Hill

Sandy soil . . 2
Sparta sand, yellow and red, with thin bed of hard fer-
ruginous sandstone at base__________ . _______________ 2
Glauconitic sand and clay, varicolored_ . ________.______ 2 3
Limonite, light brown, flinty, of fair quality ___.________ 4
Glauconitic clay, varicolored___________________iaeea-- 8
Limonite, dark brown, spongy type, mixed with much
glauconitic elay_ - - - .. 13
Glauconitic clay, light-colored . _._____________.__.____ 5
Limonite, thinly laminated, light brown, and ocherous,
of fair to medium grade. Small water seep at base.___ 10
Queen City, thin-bedded quartz sand and elay .- -_______ 2 6
6

Sandstone, ferruginous._ ... _-.________ e
Sand, quarts, with clay partings, white or very light-

eolored el 5
To water level, not examined_ - ______________________ 30

% Burchard, E. F., op. cit., pp. 87-88.



MARION COUNTY 133

Field study of the larger deposits leads to the inescapable con-
clusion that the richest and thickest ores occur close to the margins
of the hills. Away from the outcrop the ore is more commonly ocher-
ous and sandy and is only of medium grade. Moreover, on 75-Acre
Hill much of the best ore has already been removed. As would be
expected, the good ore on the smaller hills apparently extends over
the entire surface.

The total area of ore-bearing land in the Gilbert district is nearly
100 acres. The yield of ore should be 20 to 30 percent by volume
from a uniform thickness between 5 and 6 feet. The total tonnage
indicated is small, the deposits are scattered, and unless the Port
Bolivar Iron Ore Railway should be revived, transportation of ore
would be a serious problem. Nevertheless, some ore of very high
grade exists, the ratio of ore to waste is comparatively high, and
stripping is entirely unnecessary over most of the area.

ORRS SWITCH—LASSATER DISTRICT (28)

In the vicinities of Orrs Switch and Lassater, not far from the Mis-
souri- Kansas-Texas Railway (pl. 2), there are several areas that con-
tain good ore in commercial quantity. The topography is gently
rolling, with rather smooth slopes that contrast with the more rugged
ore-bearing hills farther west and north. The altitude ranges from
300 to about 400 feet above sea level.

The most pronounced geologic feature of this district is the Orrs
Switch fault, which trends in an east-west direction and passes through
the area just north of the Orrs Switch community. The vertical dis-
placement of the beds along the fault is about 75 feet, with the down-
thrown side on the north. Close to the fault on the upthrown (south)
side the Weches greensand is at least 65 feet thick and consists largely
of glaucouitic sand and clay with but little siliceous material. It thins
rapidly toward the south to not more than 10 feet at Lassater and only
1 or 2 feet south and southwest of that town. Southeast of Lassater
the greensand thickens gradually, until at the old Kelly mine it is about
20 feet thick.

North of the fault the Weches is 25 to 30 feet thick, and it maintains
this thickness for some distance northward, where it again thins over
the structural high in the viciuity of Avinger. Near the fault the beds
are made up largely of glauconitic sand, with but little quartz sand ot
clay. :

Deposits north of Orrs Switch fault.—On the north side of the fault
the exposed portious of the greensand are rather rich in ore for a dis-
tance of somewhat less than half a mile. Concretions and lenses of
medium-grade brown ore are-distributed through the oxidized zone,
which is 8 to 10 feet thick in general. In places beneath the oxidized
zone the greensand contains an abundance of iron carbonate in thin
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beds and concretions. This carbonate zone is commonly 5 or 6 feet
thick, but where the Sparta sand is thick little or no ore is present.
The areas shown on plate 2 as ore-bearing amount to about 200 acres.
‘The ore-bearing material averages about 15 feet in thickness and
should yield less than 20 percent of brown ore and carbonate by
volume.

Deposits south of Orrs Switch fault.—On the south side of the Orrs
Switch fault, where the Weches is thickest, there is little or no ore
exposed at the surface, and only a very small quantity of carbonate ore
has been peuetrated in deep wells and test pits. The greensand is
indurated near the surface,and large quantities of fairly hard but ocher-
ous material have been removed from the gravel pits south of Orrs
Switch for use in highway and railroad construction.

From half a mile to a mile south of the fault and about 1} miles due
west of Lassater there is much good concretionary ore scattered over
the surface. Some of the ore is ocherous, and some is crusted with
oxidized greensand. There are several old shallow mine workings in
this area. They are now largely filled in, but Burchard 5 describes
them as formerly having showed ore from 1 foot 2 inches to nearly 5
feet thick. The latter thickness is exceptional. The overburden in
this area consists only of a few inches to several feet of residual Sparta
sand and sandy soil.

The areas shown on plate 2 as containing probable ore, cover about
160 acres. The oxidized zone is 8 to 10 feet thick. This is underlain
away from the outcrop by 6 or 7 feet of greensand that contains car-
bonate. The yield of ore will probably be about like that on the north
side of the fault, or a little less than 20 percent of ore by volume. The
250-acre area of possible ore, where concretions are fairly abundant
at the surface but where little or no ore occurs in the lower beds, might
possibly yield 1,000 tons of ore to the acre.

Deposits southwest of Lassater—The road between Lassater and the
Kellyville-Mim’s Chapel road traverses a long, narrow ridge that is
capped in most places by a thin covering of Weches greensand. The
Weches is only 8 to 10 feet thick near Lassater, and on most of the
ridge it is considerably less than 5 feet thick. The rolling topography
apparently conforms to the structure.

- There is no Sparta sand in place except near Lassater, where there
are large blocks of the basal sandstone. These contain large fragments

of what appears to be limonitized wood. Fragments of silicified wood
are somewhat abundant locally in the thin deposit of residual sandy soil
that covers the rest of the area to a depth of a few inches.

" The ore in this area is apparently as high in quality as any of the ore
in the North Basin. All of it is within 2 feet of the surface and occurs
exclusively as concretions that range from 3 to 15 inches in diameter

8 Burchard, E. F., op. cit., pp. 86-87.
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and are thickly scattered over the surface. The concretions are for
the most part very heavy dark-brown limonite. Nearly all are irregu-
lar in shape. Some are filled with light- to dark-colored clay, some are
solid, and some are hollow. At one point about 1% miles southwest
of Lassater,several concretions were found to be partly filled with
liquid. Analytical data regarding the contents of one of these concre-
tions are presented in the section on the origin of the ores, pages 49-51.

The area includes about 575 acres. The yield of ore would probably
be between 1,000 and 1,500 tons to the acre, but the exceptionally high -
grade should justify careful hand-mining operations. Stripping or
extensive prospecting are unnecessary, as all the ore is within 2 feet

of the surface. _
HAGERTY (BERRY) DISTRICT (29)

The Hagerty or Berry district lies midway between Jefferson and
Linden, on the line between Cass and Marion Counties, and is trav-
ersed by the Jefferson & Northwestern Railway (pl. 2). According
to a large-scale topographic map generously furnished to the writer
by Mr. Albert J. Jones, the ridge on which the deposits occur reaches
a maximum altitude of about 385 feet.

The Weches greensand is about 20 feet thick over the whole area
and is composed largely of glauconitic sand, though siliceous material
is locally prominent. The top of the formation occurs at an altitude
of 370 feet. The Sparta sand is not more than 15 feet thick at any
place and over much of the area is represented only by a few inches
-of residual sandy soil.

J. R. Stone devoted 10 days to a study of this district and came to
the conclusion that the ore deposits are thin, scattered, and of little
more than mediocre quality. Several beds are rich in concretionary
masses of brown ore, and in one pit nearly 3 feet of ore was measured
in a total depth of about 8% feet. In a well a 6-inch bed of concre-
tionary brown ore was noted 5 feet from the surface. It was under-
lain by 16 feet of varicolored glauconitic clay, with a little ferruginous
sandstone. At the base of this material was a 9-inch bed of solid
iron carbonate.

The few pits and shallow trenches that have been dug in this dis-
trict are insufficient to yield a reliable estimate of the ore reserves,
but available data are rather discouraging. It is entirely within the
bounds of probability that the 700-odd acres of ore-bearing land in
this area might yield 1,000 tons of fair-grade ore to the acre with
selective hand mining, but a larger reserve than is thus indicated can
hardly be relied upon.

KELLEYVILLE DISTRICT (30)

The small deposit of ore that occurs along the highway about 2%
miles northwest of Kelleyville and 6} miles from Jefferson (pl. 2) is
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of more historic than practical interest. It is the site of one of the
oldest mines in the State and supplied the Loo Ellen furnace at
Kelleyville with most of its ore for many years.

With the exception of a small area in the immediate vicinity of the
old mmne the Weches southeast of Lassater is thin, very sandy, and
practically barren of ore. Near the mine, however, it is 10 to 20 feet

- thick and contains somewhat less quartz sand. The old mine pits
are overgrown and poorly exposed, but here and there rich concre-
tions of limonite are still to be seen. Apparently most of the ore
that was mined was of the same type. Little or no stripping was
done. The highest part of the hill, which is about 350 feet above
sea level, is covered by 5 to 10 feet of Sparta sand, which may pos-
sibly be underlain by ore. Unless this is true there is little probability
that more than a few tons of ore can ever be recovered from the.
district.

UPSHUR COUNTY

Upshur County is crossed by the zone that divides the North Basin
from the South Basin (pl. 1). Lack of continuous exposures of the
Weches greensand in critical areas makes an accurate delimitation of
the two basins impossible, but there are certain essential differences
in the character of the greensand in the northeastern and south-
western parts of the county that suggest a change in facies. The
county has an area of 600 square miles, and according to the 1930
census a population of 22,297, of which 31.1 percent were Negroes.
Gilmer, on the St. Louis Southwestern Railway, is the county seat.

The Reklaw member of the Mount Selman formation crops out in
the vicinity of the Kelsey anticline, west and northwest of Gilmer,.
but over the remainder of the area the Queen City sand member,.
surmounted by small outliers of the Weches greensand member and
the Sparta sand, appears at the surface.

In the southwestern part of the county, between Big Sandy and
Rhonesboro, the Weches greensand is 20 feet or less thick and con-
‘sists of soft weathered glauconitic sand and clay. In general char-
acter it resembles the facies of the South Basin but is nonfossiliferous.
The topography is similar to that in the monoclinal area south of the
eastern Texas geosyncline, and the gentle slopes cross the outerops of
Weches greensand, which are commonly covered with Sparta sand
-wash, with little or no regard to differences in character of the forma-
tions. In places concretions of brown ore that range from 6 to 18
‘inches in diameter occur in the greensand. They are in large part
ocherous, soft, and sandy and are nowhere sufficiently rich or abun-
dant to be classed as commercial iron ore.

The small outliers in the vicinity of Gilmer are capped with fer-
ruginous sandstone and indurated greensand, with a small amount of
flinty brown ore in places. The greensand is nonfossiliferous and
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resembles the facies of the Weches member that occurs in the North
Basin in its general characteristics.

The only deposits of iron ore of any significance occur in the North
Basin, in the northeastern part of the county. Within this area are
numerous outliers of Weches greensand, which stand out as rugged,
steep-sloped hills, locally called “mountains,” that rise from 100 to
200 feet above the surrounding rolling country and characterize the
topography in this region. Many of the outliers are simply small
rounded knobs with scarcely an acre of Weches greensand as a cap,
but some are long, narrow, rather sinuous ridges that are held up by
caps of ferruginous sandstone and iron ore. The ridges and the
chains of small knobs trend north and south in general.

The Weches greensand is 30 to 40 feet thick and is very similar in
appearance to the oolitic glauconitic material that occurs on Dainger-
field Hill, in Morris County. A broad bench commonly marks the
contact between the Weches and the Queen City. At the top of the
greensand the basal sandstone of the Sparta sand is unusually well
developed and probably accounts in large part for the rugged topog-
raphy. Remnants of Sparta sand and sandy soil cover some of the
hills to a depth of a few feet, but in general the overburden is very
light.

Most of the deposits were visited during a 3-day reconnaissance
examination of the district, but as no base maps were available and
time was limited, no detailed mapping was attempted. A few of the
outliers contain a considerable quantity of rich concretionary or
laminated ore, which makes surface showings as good as any of the
deposits in Cass County. This is true of a ridge less than a mile
west of Ore City, of the Camp Mountains, a group of small hills 4
miles southwest of that town, and of a long, narrow ridge just south
of the Gilmer-Ore City highway about 8 miles west of Ore City.
Except for the one nearest Ore City, which covers an area of several
hundred acres, none of the deposits are large. The longest ridges
are not much more than half a mile in length, and the average width
is probably somewhat less than 200 feet. Some of the outliers are
entirely barren of ore but are capped with ferruginous sandstone.

The largest outlier in the area is 11 to 12 miles west of Ore City and
is crossed by the highway between that town and Gilmer. The
southern part of this long, narrow chain of branching ridges, which is
8 or 9 miles long, is known as Barmer (Balmer?) Mountain, and the
northern part as Long Mountain. A little flinty limonite and a very
few concretions occur in places on this “mountain,” but most of the
material seen at the surface consists of ferruginous sandstone and well-
indurated siliceous greensand. There are no artificial openings, and

- the natural exposures of the lower beds are obscured by talus material.
Rich accumulations of ore may possibly exist beneath the surface,
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but this seems unlikely, because in all other parts of eastern Texas
rich ores in depth are reflected by prominent surface showings.

Several comparatively large outliers occur in the vicinity of
LaFayette, near the northern edge of the county. The surfaces of
these outliers are literally covered with thick accumulations of
ferruginous sandstone and indurated greensand, but little or no com-
mercial iron ore occurs on any of them.

The examination of the deposits in Upshur County was too brief to
form the basis for a reliable estimate of available ore reserves. It
seems entirely possible, however, that about 4,000,000 or 5,000,000
tons of very good ore might be expected from the northeastern part of
the county if the difficulties incident to working isolated, small
deposits in rugged, sparsely settled country that lacks adequate trans-
portation facilities can be overcome. Further study and detailed
mapping are essential before the accuracy of this estimate can be
verified.

DEPOSITS IN THE SOUTH BASIN

HENDERSON COUNTY

Henderson County contains a comparatively small reserve of iron
ore of the Soath Basin type, and though the deposits of workable ore
are small and scattered they seem to bear more promise than any
others of the South Basin deposits except those of Cherokee County.
The county is bounded on the east by the Neches River and on the
west by the Trinity River (pl. 1). It includes an area of 946 square
miles and had in 1930 a population of 30,583, of whom 18.9 percent
were colored and about two-thirds were rural-farm dwellers. Athens
(population 4,342) is the county seat and the largest town in the
county. The Cotton Belt (St. Louis Southwestern) and the Texas &
New Orleans Railways run diagonally across the county with a
junction at Athens. Prior to the construction of the railways the °

Trinity River played an important part in transportation.
Farming is the principal industry, though stock raising, timbering,

pottery and brick manufacture, and the production of lignitic coal are

of considerable importance.
The nearly level prairie land in western Henderson County gives

way eastward to the moderately rolling sand-hill area that charac<
terizes the topography in the central part of the county. Steep-sided,
flat-topped ridges and isolated hills, or “mountains,” are the most
outstanding features in the eastern part of the county. The altitude
ranges from 250 feet along the major streams to more than 600 feet at
the tops of the ‘“mountains.’

The Weches greensand occurs only in the eastern part of the county,
where there are two large groups of small outliers in the northeast and
southeast corners. Of typical South Basin appearance in the south-
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eastern part, the greensand becomes more and more sandy toward the
north. Along the north boundary of the county and extending a few
miles into southeastern Van Zandt County, the Weches contains much
more quartz sand and clay than glauconitic material and resembles the
sandier portions of the facies in the North Basin. This progressive
change in character of the sediments is believed to indicate an approach
to shore-line conditions and seems to indicate that the basin in which
the Weches was deposited did not extend very far west or northwest of
the present outcrop.

SOUTHEASTERN HENDERSON COUNTY

In the southeastern part of the county, within a radius of 6 miles of
Poynor, outliers of Weches greensand and Sparta sand occur as small,
very steep-sided, flat-topped hills and ridges (pl. 1). The greensand is.
from 30 to 50 feet thick and has all the characteristics of the facies
typical of the South Basin. All but the smallest hills are covered with
5 to 40 feet of Sparta sand.

The ore bed at the top of the greensand is of the laminated variety
except in a few places, where it is somewhat thicker than usual and
some buff crambly ore has been developed beneath the laminated bed.
All recorded observations give an average thickness of 4 to 7 inches of
ore, but in most places it is only 2 to 3 inches thick, although there are
several arcas where the ore attains a maximum thickness of about 12
inches. Slabs of float ore occur on the hill slopes in places, but by no
means as abundantly as in the vicinity of Brownsboro, farther north.

A small hill 1} miles southwest of Poyner contains the only deposit.
that seems to have commercial possibilities, The entire surface of this
hill, which includes an area of about 30 acres, is covered with ore that
ranges from 10 to 24 inches in thickness, with an average of 16 to 18
inches. Except for a few inches to 2 feet of residual sandy soil the
Sparta sand is missing. The total tonnage of ore indicated is too small
to make the deposit particularly attractive.

NORTHEASTERN HENDERSON COUNTY

The group of outliers from 1 to 4 miles southeast of Brownsboro con-
tains most of the deposits of iron ore that are considered workable.
The Weches greensand is 30 to 50 feet thick and of normal South Basin
appearance, except for the absence of fossils in all the poor exposures
that were seen. The overburden of Sparta sand is thin in general but
in places is as much as 25 feet thick. The characteristic ore bed at the
top of the greensand is almost universally present. Where it is thin,
only the laminated variety of ore has been developed, but in other
places both the laminated and the buff crumbly ore are present.
Slabs of wash ore occur in profusion on most of the hill slopes.

33781—38——10
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The two large hills south and west of Pine Hill School, about 3%
miles southeast of Brownsboro (pl. 5), contain much laminated brown
ore. The bed is 6 to 13 inches thick, with an average of about 9
inches. It crops out along the sides of the hills and forms huge
slabs 8 to 10 feet in diameter that protect the hillsides from further
erosion and tend to produce gentler slopes than is usual in the South
Basin. The ore bed forms the surface of most of the smaller spurs, and
along the sides of the hills it crops out as a nearly level pavement that
ranges from 5 to 50 feet in width. The ore is locally rather siliceous
but is largely of good quality. The overburden of sand has a maximum
thickness of about 25 feet and averages from 10 to 15 feet. No wells
or other openings were found, but it seems probable that all but the
thickest sand is underlain by ore.

On New Hope Mountain, half a mile northeast of New Hope
Church and 4 miles south of Brownsboro (pl. 5), the ore bed averages
less than 6 inches in thickness. The Sparta sand is nowhere more than
5 feet thick and is entirely missing over most of the area. The top
ore bed is here too thin to be considered workable by itself, but the
lower slopes of the ridge are thickly covered with large slabs of ore
which have worked their way down from the top bed. The ferru-
ginous sandstone cap is in most places already separated from the ore,
which is itself of good quality. Large quantities of ore could be
removed from such slopes by selective hand mining.

On the large ridge midway between Pine Hill School and Friendship
Church, about 2 miles southeast of Brownsboro (pl. 5), the top ore
bed is 4 to 10 inches thick and of good quality. The higher parts of
the ridge are covered with 10 feet or less of Sparta sand. Float ore is
not as conspicuous or abundant here as on the hills described above.

On Zion Hill, less than 2 miles east of Brownsboro (pl. 5), the ore
bed ranges from 12 to 24 inches in thickness and averages about 18
inches. Most of the ore is of the buff crumbly variety. The ferru-
ginous sandstone cap rock is 2 inches thick, or less. - The maximuam
thickness of Sparta sand is 10 to 12 feet, but the average is less than
5 feet. Some of the ore on this hill has been quarried for use in road
building.

In the region southeast of Brownsboro there is about 250 acres of
land that should yield ore 18 inches thick and about 1,100 acres where
the ore averages 8 to 10 inches in thickness but is easily accessible.
The deposits are all less than 4 miles from the Cotton Belt Railway.
Trinidad, the nearest point on the Trinity River, is about 35 miles
distant. The ore is thin in general and of no higher grade than any
other South Basin ore. The accessibility of the deposits and the

faot that IIQB,I'IY all of the ore is GXPOSGd at the surface or occurs as a

heavy mantle of debris make it seem possible that eventuaHy some
iron ore may be obtained from this district. Should the canalization
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of the Trinity River be accomplished, the value of these deposits
‘would be somewhat enhanced.

North of Chandler and extending into the southeast corner of
Van Zandt County (pl. 5) the Weches greensand occurs as scattered
coutliers similar to those farther south, but the character of the beds is
much different. The thickness of the member is about the same, but
in all exposures seen it appears to be made up of alternating beds of
greensand, reddish clay, and reddish quartz sand. In places the
beds of quartz sand are very prominent and have many of the char-
acteristics of the Queen City sands. Again, the red clays locally
take on the appearance of Reklaw beds. The beds of greensand,
‘which were originally made up of very fine-grained glauconitic material
in a clay matrix, are as a rule strongly indurated. The sands and
clays locally contain much shaly or concretionary, impure limonite,
which gives rise to a very rocky soil that is suggestive of the exposures
of Weches greensand in the North Basin.

The Sparta sand covers the larger hills to a maximum depth of 15
or 20 feet. The typical ferruginous basal sandstone is present in places
but not universally.

The top bed of brown ore is in many places missing entirely, and
where it does occur it is commonly very thin, averaging less than 3
inches. About a mile west of Concord Church, on the Van Zandt
County line (pl. 5), the ore bed is 2 to 6 inches thick, but elsewhere on
this ridge the ore is absent. At several points along the road near
Saddler Springs School, 4 miles northwest of Chandler, the ore bed
ranges from 6 to 18 inches in thickness and weathers out in huge
slabs several feet in diameter. Close inspection shows this material
to contain an unusually large amount of quartz sand, which renders
it too siliceous for use as iron ore. In Van Zandt County the green-
sand is even more siliceous, and little or no commercial ore is present.

ANDERSON COUNTY

Anderson County lies immediately west of Cherokee County and
south of Henderson County (pl. 1). The Neches River and the
Trinity River form the eastern and western boundaries. Though some
iron ore occurs at the top of the Weches greensand in the northern
part of the county, none of the deposits seen in a rapid reconnaissance
examination appear to be thick enough to warrant further considera-
tion as possible reserves of iron ore.

The county has a land area of 938 square miles and had in 1930 a
population of 34,643, of whom 33.2 percent were colored. Palestine
{population 11,445) the county seat, is near the geographic center of the
county and is the only large town. The International-Great Northern
'Railway and a branch of the Texas & New Orleans Railway serve
most of the area.
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Farming and timbering are the largest industries. Petroleum,
lignitic coal, salt, and ferruginous gravel for highway construction are
all produced in cousiderable quantity.

In the northeastern and central parts of the county the topography
is characterized by steep-sloped rugged hills, but to the west and south
these give way to more gently rolling uplands which slope toward the

- broad bottom lands of the larger streams.

DEPOSITS SOUTH OF PALESTINE

The character of the Weches greensand and of the iron ores is
affected by the regional structure. Northward from the vicinity of
Palestine the South Basin of the eastern Texas geosyncline is the
dominant structural feature, and the greensand there is of normal
South Basin character and composition. Not far south of Palestine
the geosyncline broadens out into a great Gulfward-dipping mono-
cline, and the influence of the synclinal structure becomes less marked.
In this area the Weches is made up of glauconitic oolites in a matrix
of greenish clay. In fresh exposures it resembles the facies typical
of the South Basin except that fossils are in general much moré
abundant than they are in the South Basin and the member is much
thicker, ranging from 75 to 100 feet in general. The greensand weath-
ers to a soft, loamy soil of a brilliant red color and tends to form gently
rolling hills or even stream valleys and broad bottom lands instead
of the flat-topped steep-sided ridges that characterize the topography
within the geosyncline. With the exception of two ridges about 5
miles southeast of Palestine, which contain some typical South
Basin ore, all the greensand south of Palestine is essentially barren of
ore. In places a little limonitic gravel occurs near the top of the
beds. It has been used locally as road gravel but is ocherous and of
too low grade to be classed as iron ore.

On the old Middle Crockett road, between Palestine and Elkhart, a.
long ridge of Sparta sand and Weches greensand projects southwest-
ward from the main body of these formations. The Sparta sand is.
thick and averages about 20 feet over most of the hill. The basal
ferruginous sandstone is rarely more than 2 inches thick. The bed

of buff crumbly ore at the top of the greensand is about 10 inches thick.
It seems to contain somewhat more clay than the Cherokee County

ores but is otherwise of good quality. The whole area covered by ore:
is comparatively small, and the heavy overburden of sand would

preclude removal of any of the ore that does not occur very close to

the outcrop.
. DEPOSITS NORTH OF PALESTINE

North of Palestine the Weches greensand occurs in areas ranging in
size from small outliers that cover less than an acre to large plateaus
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several square miles in extent. - The formation is ordinarily 30 to 50
feet thick, but in some areas, notably near the Neches River between
Neches and Frankston, it thins to only 10 or 15 feet. It is made up
«of olive-greenish glauconitic oolites in a matrix of green clay and is
‘nearly everywhere at least moderately fossiliferous. Thin seams and
:small concretions of ocherous limonitic material are commonly present
‘in the weathered portions but are not sufficiently abundant to be
-classed as ore.

The thickness of the Sparta sand overburden varies almost directly
‘with the area of the deposits involved. It may be missing on small
-outliers or projecting ridges but is 50 feet or more thick on the larger
hills. The average cover over all the iron- bearing area is between 10
and 20 feet. The basal ferruginous sandstone is almost umversally
present and ranges from 1 to 6 inches in thickness.

The ore bed at the top of the greensand is uniformly distributed
-over nearly the whole area, though in a few places none was seen.
‘Several inches of the laminated type of ore is nearly everywhere
present, underlain in places by buff crumbly ore. About 2% miles
northwest of Palestine, where the Athens-Palestine highway crosses
the Weches outcrop, both the laminated and buff crumbly ore have an
oolitic structure which is almost certainly inherited from the original
greensand.

The thickness of the ore bed varies greatly from place to place.
‘The greatest thickness observed anywhere is 18 inches. Recorded
observations at 21 places show a range of 4 to nearly 7 inches of ore, a
tange that is in accord with the impressions gained from do-ens of
unrecorded observations. In other words, except in a few very small
localized areas, the average thickness of the ore should not be ex-
pected to be much more than 5 inches. Several inches of ferruginous
sandstone would have to be mined with the ore bed and removed
subsequently. The overburden is so thick as to prevent mining except
from a narrow strip near the outcrop. Both mining and transporta-
tion problems are large. The only possibility of production from the
deposits in northern Anderson County would seem to be by some sort
of cooperative arrangement between the farmers and a centralized
ore-buying organization. A fairly large annual tonnage of float ore
or easily accessible ore in place might conceivably be attained by this
means. The total area of ore-bearing land which might possibly
produce an average of 5 to 6 inches of ore is about 6,500 acres.

CHEROKEE COUNTY

Cherokee County contains most of the deposits of commercial ore
in the South Basin. The county includes a land area of 1,049 square
miles and had in 1930 a population of 43,180, of whom 26.6 percent
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were colored. Jacksonville (population 6,748), Alto (1,053), and
Rusk (3,859), the county seat, are the largest towns (pl. 1). The
International-Great Northern, the Texas & New Orleans, and the St.
Louis Southwestern Railways all traverse the county. Farming and.
timbering are the chief industries. Petroleum and road gravel are
now the principal mineral products, though at one time iron ore was.
produced in considerable quantity in the vicinity of Rusk.

The county is drained by the Angelina and Neches Rivers and their
tributaries. The topography is rugged in the northwestern and
central parts, but to the east and south gently rolling sandy hills take-
the place of the steep, flat-topped hills and ridges. The higher hills
attain altitudes of about 700 feet, about 500 feet above the level of the:
major streams.

Here, as in Anderson County, the character of the Weches green-
sand is related to the regional structure. The northern two-thirds of
the county lies within the South Basin, and the greensand is typical of
that region. It is made up of oolitic glauconitic material with much
greenish clay, is moderately fossiliferous, and ranges in thickness.
from 40 to 60 feet in general. In the vicinity of Alto, however, the:
influence of the Gulfward-dipping monocline becomes dominant, and.
the Weches thickens, becomes more fossiliferous, and yields soft red
soils and little or no ore on weathering.

Several eastward- and northeastward-trending faults cross the cen-
tral part of the county. They extend from Mount Enterprise and
New Salem, in Rusk County, to the vicinity of Palestine, in Anderson
County (pl. 1). In places veins of limonitic material parallel the

faults.
DEPOSITS IN THE VICINITY OF RUSK

The ore deposits in the immediate vicinity of Rusk have received
more attention than other South Basin deposits. This was probably
due in part to the fact that Rusk was for many years the site of the
State penitentiary, where an ore mine, blast furnace, and pipe foundry
were operated by convict labor, rather than to any great difference in
the quantity of quality of the iron ores. The deposits occur near the
top of an irregularly branching, nearly continuous ridge that lies east of
the St. Louis Southwestern Railway and extends from & point near
Dialville, 7 miles northwest of Rusk, to a point about 6 miles southeast

of Rusk (pl. 3). Theridge forms part of the divide between the Neches
and Angelina drainage systems.

The top of the Weches greensand ranges in altitude from 597 to 711
feet, as determined by surveying-aneroid observations. Inspection of
the altitudes indicated on plate 3 will show that the upper surface of
the greensand undulates considerably throughout the area, but that a
structural high is present in the vicinity of Rusk. From that point
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the beds dip gently southward toward the Gulf monocline and north-
ward toward the faulted area in the vicinity of Dialville. The green-
sand, which ranges from 45 to 60 feet in thickness, consists almost
entirely of very small glauconitic oolites in green clay. Ordinarily
the glauconitic material and the clay are more or less segregated, but
nowhere is one constituent entirely free of the other. Fossils, usually
small forms, are rather abundant but as a rule are well preserved only
in the lower, unoxidized beds. In one well about 2 miles north of
Rusk the normal greensand grades downward into a purplish choco-
late-brown clay that contains a few ‘‘nests” of glauconitic material.
This relation suggests an interfingering with the Queen City sand, but.
in other places where it is not obscured the contact between the two
formations is sharply distinct.

Springs occur in nearly every draw and almost invariably issue
from points just below the top ore bed or from the upper 10 feet of the
greensand. Wherever the cover of Sparta sand is more than 10 or 12
- feet thick the water level in wells occurs close to the contact between
the Sparta and Weches beds.

The basal ferruginous sandstone of the Sparta sand is nearly every-
where present and ranges from 1 to 6 inches in thickness. The pecul-
iar parallel furrows on the upper surface of the sandstone that are
described by Burchard % were noted in many places, but exposures of
this surface are very poor in general. This prevented the accumula-
tion of any data as to the uniformity of the strike of these furrows over
a larger area than was noted by Burchard. Their true signifi-
cance is not known, but it is believed that the sandstone was-formed
in the same manner as that elsewhere throughout the North and
South Basins—that is, it was formed through cementation of ordi-
nary quartz sands by iron-bearing solutions that rose by the force of
capillarity from the underlying Weches.

The lower 10 feet or so of the Sparta sand is in general much coarser
than that of the North Basin. Above these beds of coarse sand are
the usual sands, sandy clays, and clays of the normal Sparta sand.
Clay becomes more abundant in the upper parts of the section. In
nearly all places the sand is relatively thick and rises abruptly from the
outcrop of the ore bed at the top of the Weches. On the highest ridges
the sand is 40 feet or more thick. The altitudes of the iron-ore out-
crops and of the land surface, as plotted on plate 3, show that at an
average distance of 450 to 500 feet from the outcrop the overburden
is 10 feet thick.

Immediately beneath the ferruginous sandstone that marks the con-
tact of the Weches and Sparta, a layer of laminated brown ore is
almost universally. present. It ranges from 2 to 8 inches in thickness
and adheres firmly to the sandstone bed. Below the laminated ore

# Burchard, E. F., op. cit., p. 91.
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a relatively thick ledge of buff crumbly ore is commonly present,
though it is missing in a few places. The lower surface of the buff
crumbly ore is very uneven, and botryoidal protuberances extend
downward into an underlying bed of white clay. The clay is rarely
as thick as the ore bed, with which it varies in thickness directly.

Plate 3 shows all the areas where mining has been carried on to sup-
ply the furnaces near Rusk. In most areas the mining was confined to
a narrow strip along the sides of the hills. At the back of most of the
pits the overburden ranges from 5 to 10 feet in thickness, which was
evidently considered about the economic limit for stripping, even with
prison labor. The results of careful studies in all the pits and of in-
quiries among the inhabitants of Rusk who had first-hand knowledge
of the old mines make it seem quite certain that at least some of the
pits were abandoned on account of a decrease in the thickness of the
ore bed rather than because of excessive overburden.

Every available complete exposure of the ore bed was measured in
the course of mapping the deposits. In places where part of the buff
crumbly ore had broken down to gravel, due allowance was made for
the original thickness. The greatest thickness of ore measured was
about 4 feet. A total of 118 recorded observations, each of which rep-
resents the average of all measurements at any one locality, shows aver-
age minimum and maximum thicknesses of 9.1 and 16.6 inches, respec-
tively. As was pointed out in the general discussion of the South
Basin ores (p. 66), the mean of these figures, or 12.82 inches, is possibly
an inch or two less than would be recovered in actual mining. That
some areas would yield ore several times as thick as the mean indi-
cated above is obvious from an inspection of plate 3, which shows in a
general way the horizontal variation in thickness of the ore bed. Tor
purposes of determining the total reserve of iron ore in the vicinity of
Rusk, however, it would be unwise to count on recovery of a much
greater quantity of ore than is indicated by the above figures. The
area enclosed by the boundary of iron-ore outcrop is about 7,500 acres,
The area of land within 500 feet of the nearest outcrops—that is,
where the ore is covered by less than 10 feet of sand—1is about 4,250

acres.
At the outcrop the greensand is commonly weathered to a depth of

about 20 feet. In some places several thin beds and nodular masses
of limonitic material occur throughout this oxidized section. They
are discontinuous and more often than not prove on close examination
to be oxidized greensand cemented by a little limonite and hence not
of commercial grade. In order to determine the possible value of
such material, a channel sample was cut from the face of one of the
best exposures, a cut on the Jacksonville highway 1.3 miles north
of Rusk. This cut exposes 18 feet of oxidized greensand that is
more than usually rich in limonitic material. The original sample
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weighed 42 pounds and contained proportionate quantities of all the
beds, including the top bed of buff crumbly ore, which is here only
4 to 8 inches thick. The sample was crushed to about %-inch mesh,
and the soft and light material was washed out by panning in water.
The final concentrate, air-dried, weighed 20.5 pounds, nearly half
of the original weight. Analysis 40, page 58, shows the concentrate
to be an acceptable iron ore, containing about 42 percent of metallic
iron. The necessity for further prospecting and study of the lower
beds is evident. It may be that a large reserve of ore is present that.
has been overlooked heretofore. It should be pointed out, however,
that the section on which these tests were made is at least as rich in
limonitic material as any of the other exposures in the area and is
probably much richer than the average. Furthermore, there seems
to be little cause to believe that the thorough oxidation necessary
for the production of such deposits can extend very far from the
edges of the hills.

Carbonate ore is rare to lacking in the greensand. At one point
along the railroad cut about 3 miles north of Rusk a few concretions
of pure-white iron carbonate that reach 6 inches in diameter occur
in the lower beds. In other places the nearly fresh greensand contains
a few nodular or bryozoanlike forms that are made up of glauconitic
grains cemented with siderite, but these are all small and sparingly
distributed. .

Near the northwestern extremity of the district two parallel faults,
separated by a narrow downfaulted block, are well exposed along the
main highway between Jacksonville and Rusk (pl.'3). The central
block is dropped about 15 feet, though the net displacement of the
two faults is practically zero. Southeast of the faults the top ore
bed is only about 6 inches thick, but a few vertical veins of limonite,
as much as 1 foot thick, occur in the greensand. In the central block
between the faults the top ore bed is 2 feet or more thick and of excel-
lent quality. Veins are numerous and range {rom 6 inches to 4)%
feet in thickness. They are nearly vertical and strike about N. 63° E.,
parallel to the trend of the faults. Such relations are probably not
uncommon throughout the South Basin, but they are here unusually
well exposed. The strong veins in this area are larger and more
numerous than any seen elsewhere and have probably filled fractures
in the greensand parallel to the faults. [t seems reasonable to assume
that where the greensand is not faulted the iron ore is more likely
to be confined to the top bed instead of spreading out in the lower beds
or forming veins. The importance of faults to the iron-ore producer
is clear. Furthermore, the recognition of the relation that exists
-between: veins-aud faults should be of use to petroleum geologists who
are interested in the faults as structural features.
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. DEPOSITS WEST OF DIALVILLE

The highland just west of Dialville (pl. 3), which is known in part
as Acker Mountain and in part as Gent Mountain, contains deposits
of iron ore similar in most respects to those in the vicinity of Rusk.
The hills attain altitudes of nearly 700 feet in a few places.

The Weches greensand is of about the same thickness and character
here as it is near Rusk. Its surface shows many local undulations,
but apparently there is a structural high in the central and south-
western parts of the region, where the top of the greensand occurs
at altitudes of 650 to 680 feet. The beds dip northward toward a
rather complicated system of northeastward-trending faults at the
north end of the ore-bearing area. These faults have an aggregate
downward displacement to the north of about 50 feet. Near the south
end of the district a strong fault, which is possibly a continuation of the
fault zone that occurs along the Jacksonville-Rusk highway, extends

from a point near Dialville southwestward for several miles. The
displacement along this fault, which is down on the north side, is
about 75 feet. These faults are part of the system of faults that
crosses the central part of Cherokee County (pl. 1). Further details
of the structure in the vicinity of Dialville are evident from a study
of the altitudes of the top of the Weches greensand, as plotted on
plate 3.

The Sparta sand is 60 feet or more thick in places, but as in the
Rusk area, the line that marks the limit of 10 feet of overburden
is about 450 to 500 feet from the outcrop of the iron ore.

The ore bed, which consists of the usual laminated layer underlain
by buff crumbly ore, ranges from an inch or so to as much as 4 feet
in thickness, and 84 recorded observations give average minimum and
maximum thicknesses of 6.87 and 15.45 inches respectively. The
mean of these figures is 11.16 inches. Plate 3 shows the distribution
of the ores of varying thickness. The whole area within the line of
outerop of the iron ore is 7,800 acres; that of probable ore beneath
10 feet or less of overburden is 3,600 acres.

DEPOSITS ON HASSELL MOUNTAIN

Hassell Mountain, also known as Mount Hope, is an irregularly
branching plateaulike hill about 6% miles west of Rusk and 2} miles
east and southeast of the community of Maydelle (pl. 3). The old
Texas State Railway, now a branch of the Texas & New Orleans line,
runs past the north end of the hill. The greensand and iron ore are
n every way similar in character to the deposits near Rusk and Dial-
vile. The higher parts of the hill are covered by unconsolidated
Sparta sand to a depth that in few places exceeds 20 feet.

The greatest thickness of ore measured was 30 inches, but a local
resident states that he encountered 4 feet of “‘ore” in his well at a
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depth of 20 feet. As his well is on a narrow ridge near the south end
of Hassell Mountain, where ground waters would Lave an excellent
«chance to penetrate the greensand, the statement seems reasonable.
The average of 50 recorded observations gives minimum and maximum
‘thicknesses of ore as 6.76 and 15.8 inches, with a mean of 11.31 inches,
almost exactly the same figures as were obtained in the region west
«of Dialville. The area of probable ore on Hassell Mountain is about

675 acres.
DEPOSITS NORTHWEST OF ALTO

The geologic map of Texas® shows several small outliers of Weches
greensand from 4 to 8 miles west and northwest of Alto and about
.8 miles south of Rusk. None of these were examined by the writer
-or by members of his party, because of lack of time. All the outliers
:are known to be small, but that some iron ore is present on some of
‘them is indicated by the fact that the old Philleo furnace was located
among these hills and used ore from the immediate vicinity. No
«doubt an adequate examination of the deposits in this area would
serve to prove the existence of a considerable quantity of iron ore,
but that this would materially alter the figures for the total reserve
of ore in Cherokee County is doubted.

DEPOSITS NEAR IRONTON

The long, nearly continuous ridge that extends from a point near
Ironton, in west-central Cherokee County, to a point about 9 miles
south of Ironton (pl. 1) is known as Mount Tillman. It reaches an
altitude of more than 600 feet in a few places and contains some ore
of the type that is present in the vicinity of Rusk. The ore occurs
as a series of comparatively small deposits near the tops of the highest
ridges. In the saddles or depressions between these deposits the lower
beds of the Weches are exposed. Where seen in several places during
a rapid reconnaissance the ore ranges from 2 to 18 inches in thickness.
Most of it is less than 6 inches thick, and it does not seem safe to
estimate more than a very small reserve of available ore.

Just west of the community of Ironton, west of the International-
Great Northern tracks, a small round, steep-sloped knob stands out
above the surrounding lowland. The upper parts of the knob are
made up of Weches greensand, and it is capped by a bed of iron ore
a foot or more thick. The whole area covered by ore is not much

more than 1 acre.
DEPOSITS WEST OF JACKSONVILLE

Mount Haven, a narrow, branching hill from 3 to 6 miles west of
Jacksonville (pl. 4), contains some of the best ore seen in the South
Basin, and it is rather surprising that more attention has not been

® GQeologic map of Texas, prepared by the Geological Survey in cooperation with Texas Bureau of Eco-
nomic Geology. See also plate 1. .
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given to it. The ore is of the usual South Basin type, with ferruginous:

sandstone cap, laminated ore, and buff crumbly ore all well developed..
In several places the ore is 5 feet thick. Huge blocks as much as 5
feet wide, 10 feet long, and several feet thick are locally abundant on.
the surface. Plate 13, B, shows a typical occurrence of these blocks.

The maximum thickness of the Sparta sand, which in places rises:

rather abruptly from the outcrop of the ore bed, is 40 feet. In general,

however, the overburden is thinner than on most of the deposits near
Rusk. This is especially true of the western part of the ridge, where:

over a large area the ore is covered by 10 to 15 feet or less of sand.
Plate 4 shows the distribution of ore according to thickness. That.
in the northern part of the area, near Fry’s Gap, is by no means as
thick as that along the main east-west ridge. The average of 16
recorded observations indicates minimum and maximum thicknesses
of 9.1 and 27.4 inches, respectively, with a mean of 18.25 inches. This
average is considerably higher than that obtained for any other
district in the South Basin. Because the ore is thicker and the over-
burden thinner than elsewhere, it is likely that a large part of the
whole 750-acre area, exclusive of the northerly spur, is underlain
by ore.

About 2 miles west of Mount Haven and not far north of Corine
several small, narrow ridges are capped by a little iron ore in the form,
of gravel that has resulted from partial disintegration of the buff
crumbly ore bed. This bed was apparently originally 18 inches
thick or less. The deposits are small and relatively inaccessible and
do not appear to warrant further consideration.

East of Reese and from, 4 to 8 miles northwest of Jacksonville there
is a large area of Weches greensand, capped by a thin bed of iron ore
and overlain by considerable thicknesses of Sparta sand (pl. 4).
Near the southeast extremity of the hill, at the point where the Jack-
sonville-Athens highway crosses the outcrop, the ore bed is well
exposed in the road cut. Plate 13, A, shows the ore bed and its rela-
tions to the underlying clay and greensand. It ranges from 1 to 3
feet in thickness at this point, but unfortunately this is apparently
the thickest ore in the whole area. A total of 32 recorded observa-

tions, each based on several measurements, indicates average minimum
and maximum thicknesses of 5.25 and 11.92 inches respectively,

with a mean of 8.6 inches. There are several comparatively small
areas where mining might meet with success, but it is unlikely that
more than 500 acres of land will be found to contain deposits of ore

that average 1 foot in thickness.

DEPOSITS NORTH OF JACKSONVILLE

Between Jacksonville and the Smith County line (pl. 1) the Tyler
Highway traverses a long, narrow ridge of Weches greensand which
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is ‘well exposed in several road cuts. Between Jacksonville and a
point 4 miles north of Mount Selman the typical ore bed at the top
of the Weches greensand is fairly well developed, but north of that
point it thins to 2 inches or less and in many places is missing alto-
gether. In the southern part of this area the greatest thickness of
ore seen at any point was 24 inches, and in most places the ore is less
than 12 inches thick. As the total area covered or underlain by ore
is relatively small, and as the ore is'so thin, it is not likely that com-
mercial production can ever be attained here. The lower beds of
the greensand locally contain much ferruginous material which
appears to be of as high quality as that near Rusk, described above.
A channel sample was taken from a representative section of this
nature 4.8 miles north of Jacksonville along the highway. The
original sample, which represented a 28-foot section of material,
weighed 67 pounds. After crushing and washing the concentrate
weighed 32 pounds when air-dried. The chemical analysis of the
concentrate (no. 41, p. 58) shows a metallic-iron content of less than
38 percent. This is too low in iron to be of much value at present,
but the results suggest that the oxidized greensand below the top
ore bed deserves further consideration as possible ore-bearing material.

In the northwest corner of Cherokee County (pl. 1) the Weches
greensand contains little or no ore, either at the top or in the lower
beds.

DEPOSITS IN NORTHEASTERN CHEROKEE COUNTY

In the northeast corner of Cherokee County, between New Salem,
Rusk County, and Ponta (pl. 1), thie Weches is exposed over a large
area. As a rule a very thin bed of ferruginous sandstone marks the
contact of the greensand with the Sparta sand, but this bed is in a
few places underlain by 2 to 4 inches of iron ore. The maximum
thickness of ore appears to be about 10 inches. Several faults occur
in the area, and without adequate base maps accurate mapping of the
deposits is almost impossible. The area is of interest structurally
but there seems to be'no reason for believing it to contain a possible
reserve of iron ore.

DEPOSITS IN OTHER COUNTIES

In addition to the 7 counties described above, 16 counties in eastern
Texas have been reported by various authors to contain commercial
deposits of iron ore. Two of these, Hopkins and Franklin Counties,
were not visited by the present party, but their general geology as
represented on the geologic map of Texas is such that ore deposits of
commercial grade are hardly to be expected. All the other counties—
Camp, Gregg, Harrison, Houston, Nacogdoches, Panola, Rusk, San
Augustine, Sabine, Shelby, Smith, Titus, Van Zandt, and Wood
(pl. 1) were studied in reconnaissance, and each of the reported iron
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deposits shown on Phillips’ map ® was visited. It was found that
the mapping of many reported deposits was apparently based on
the presence of a few concretions of brown ore or carbonate. Some
of these occur in Reklaw sediments, and others in the Wilcox or the
Queen City. Although iron minerals exist in all the counties and
localities noted by Phillips and other investigators, commercial pro-
duction can probably be obtained from only a small fraction of them.
Even if the ore itself were of high grade and occurred in thicknesses
sufficiently great to permit large-scale mining operations, such fea-
tures as small - areal extent, inacessibility. to existing lines of com-
munication, and excessive overburden would debar many of the
reported deposits from further consideration.

In places the ferruginous deposits in the Reklaw member of the
Mount Selman formation might pay to work. This is especially true
in Harrison County (pl. 1), where they contain an unusually high
concentration of limonite. Most of the ore occurs as small concre-
tions or thin lenticular beds, similar to those in the facies of the
Weches greensand found in the North Basin. The limonite itself
is at least of as high grade as any of the deposits associated with the
Weches, but at no place were deposits seen that compared favorably
with the Weches type in amount of ore or continuity. This is prob-
ably in large part due to the greater proportion of clay in the Reklaw
beds, which tends to prevent the formation of rich ferruginous deposits.
The total quantity of ferruginous material in the Reklaw beds in
Harrison and other counties is enormous and is possibly nearly as
great as that in the Weches greensand, but deposits of ore that are
commercially available now or under reasonably predictable condi-
tions for the future are extremely small.

In southern Rusk and northwestern Nacogdoches Counties (pl. 1),
in the general vicinities of New Salem, Mount Enterprise, and Sacul,
there are a few deposits of laminated and buff ecrumbly ore associated
with relatively small outliers of Weches greensand. Near Sacul the
ore ranges from 8 to 16 inches in thickness in general, and the deposits
might conceivably be worked commercially. The ever-present ferru-
ginous sandstone cap is nearly as thick as the ore bed, however, and
its removal would increase production costs considerably. In addi-
tion the deposits are small and scattered. Elsewhere in this region

the top ore bed is even thinner than at Sacul, and there seems little
likelihood that iron ore could be produced profitably.

Nearly half of the 920 square miles of Smith County is.covered or

underlain by Weches greensand. Over much of this area the ore bed

at the top of the member is missing or is only 1 or 2 inches thick. The
best possibility for commercial ore is in the vicinity of Garden Valley,

# Phillips, W. B., Map of location of iron-ore deposits, blast furnaces, lignite mines in operation, and pro-
ducing oil fields in east Texas, Texas Univ. Bur. Econ. Geology, September, 1912,
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in the northwestern part of the county (pl. 1), where the typical top
ore bed ranges from 2 to 10 inches in thickness.

A little laminated and buff crumbly ore occurs in parts of Houston:
and Van Zandt Counties, but none of the deposits seen are large
enough or of high enough grade to be of value. One outlier of Weches.
greensand in southeastern Camp County and some of the outliers in
central Wood County (pl. 1) contain small quantities of concretionary
ore of the North Basin type. It is doubtful if further examination
would serve to prove the existence of commercial deposits.
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