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	Illustrations
	Figure 1: Minable seams of coal in Texas: Tjm, Tertiary Jackson (Manning); Toy, Tertiary Claiborne (Yegua); Two, Tertiary Wilcox (Calvert Bluff); Kno, Cretaceous Navarro (Olmos); Kta, Cretaceous Taylor (Aguja); Kts, Cretaceous Taylor (San Carlos); Kec, Cretaceous Eagle Ford (Chispa Summit); Pch, Pennsylvanian Cisco (Harpersville); Pep, Pennsylvanian Canyon (Palo Pinto); Psm, Pennsylvanian Strawn (Mingus). Adapted from St. Clair and others (1976).
	Figure 2- Stratigraphic units containing minable scams of coal in Texas. ( ( nl,xl | ,i'c )
	Figure 3. Varieties of underground coal mines in Texas (from Finley and others, 1979» fig- 2, after an original drawing by Caran).
	Figure 4* History of production of coal in Texas. Sources of data: A. H. Belo Corporation (1 927, p. 255); Bullock (1929, p. 6); Stenzel (1946, p. 205); Fisher ( 1 965, p. 8); Evans (1 974-» P* 4); Railroad Commission of Texas (1985, p. 9, 10).
	Figure 5* Varieties of surficial coal mines in Texas (from Finley and others, 1979, fig* 4, after an original drawing by Car an).
	Figure 6. Active and abandoned coal mines in Texas (adapted from Railroad Commission of Texas, 198P* 5 and incorporating data from many other sources).
	Figure 7* Open mine entrances, Stephens and Eastland Counties, Texas. (a) Drift mine, mine-site number S/CF-1-3, Stephens County, Texas, 1979* (b) Shaft mine, mine-site number Ea/BL-4-2, Eastland County, Texas, 1979*
	Figure 8. Water well at mine-site number Hp/SSe-1-2, Hopkins County, Texas, 1980.
	Figure 9* Oblique aerial photograph of part of abandoned area, mine-site number Mi/Al-3-1, Milam County, Texas, 1981. View is to the southwest. Areas to the left and in the center were mined in 1964, areas above the center and east of the road were mined in 1941, areas to extreme right (middle ground) were mined in 1951*
	Figure 10. Refuse in abandoned and partly collapsed shaft at mine-site number MC/FF-4-3> McCulloch County, Texas, 1979*
	Figure 11. Distribution of stress and strain at an underground mine (after Dunrud, 1976, fig. 2, and incorporating data from Peters, 1978, p. 189, 191)*
	Figure 12. Detailed views of longwall extraction in underground mines of Texas. (a) Historical photograph depicting the working face (longwall) at the end of a main entry in one of the mines at Thurber, Erath County, before 1921. Photograph reproduced courtesy of Texas Highways Magazine from negatives owned by Texas and Pacific Oil Company. (b) Diagram illustrating the method for extracting coal from the longwall (from Finley and others, 1979, fig* 3, after an original drawing by Caran. This drawing was based on descriptions by former miners who checked the drawing for accuracy).
	Figure 13« Area of subsidence at mine-site number Wd/A-1-2, Wood County, Texas, 1980. Site was reclaimed in 1980. Photograph by Deborah Kocurek, Railroad Commission of Texas (used with permission).
	Figure 14« (a) Area of subsidence in Bridgeport, Wise County, Texas. (b) Stereogram of site (January 12, 1967; vertical aerial photographs, frames 119 and 120, U.S. Department of Agriculture ).
	Figure 15* Tipple at mine site in Thurber, Erath County, Texas, about 1910. Mine was named "The Colonel." Wooden props stacked at left. (Photograph reproduced courtesy of Texas Highways Magazine, from negatives owned by Texas and Pacific Oil Company).
	Figure 16. Scanning-electron micrograph of partly fused shale from the spoil mound at mine-site number Ea/BL-1-1, Eastland County, Texas. Although the original lamination of this particle of shale remains evident, some laminae had begun to fuse (see enlargement on right), indicating that the clast attained incipient fusion before chilling. The clast was deformed slightly, due to the weight of overlying debris composing the mound. (a) Magnification is x 20. (b) Inset area in (a) magnified x 60; each of the four increments in the bar-scale is 100 microns in length.
	Figure 17* Scanning-electron micrograph of partly and completely fused shale from spoil mound at mine-site number PP/G-2-9> Palo Pinto County, Texas. Vitrified shale (areas left of center and in lower right), magnified x 18. Each of the four increments in the bar scale (center-right, bottom) is 100 microns in length.
	Figure 18. Scanning-electron micrograph of completely fused shale from spoil mound at mine-site number PP/G-2-9, Palo Pinto County, Texas. Viscously fused shale. Central part of fig. 17, magnified to x 75* Leftmost increment in the bar scale is one micron in length. Fractures formed when melt-liquid chilled and solidified as bubbles of gas were contracting owing to the reduction in temperature. Surfaces on opposite sides of fractures are in different planes.
	Figure 19* Large mass of clinker in a spoil mound, minesite number Ea-BL-1-1, Eastland County, Texas, 1979- Most of the material within the mound mass was at least partly fused.
	Figure 20. Oblique aerial photograph of devegetated area around a large spoil mound at mine-site number PP/G-2-54, Palo Pinto County, Texas, 1979* Sediment eroded from the mound buries vegetation nearby. Phytotoxic leachates (particularly sulfuric acid and toxic metals) kill and prevent reestablishment of plants on and around the mound. Photograph by William Hupp, Texas Department of Water Resources (used with permission).
	Figure 21. Scanning-electron micrographs of microcrystalline pyrite on weathered coal from a spoil mound at minesite number Er/G-2-63> Erath County, Texas. (a) Magnification is x 200. (b) Inset area in (a) magnified to x 1000; each increment in bar scale is 10 microns in length.
	Figure 22. Scanning-electron micrographs of microcrystalline pyrite on weathered coal from a spoil mound at minesite number Er/G-2-63> Erath County, Texas. (a) Magnification is x 1000 (area to the immediate upper right of that shown in fig. 17b). (b) Inset area in (a) magnified to x 5000; leftmost increment in bar scale is 10 microns in length. Euhedral crystals of pyrite, the smallest of which are 0.4 to 1.2 microns in diameter.
	Figure 23* Scanning-electron micrographs of marcasite in fresh coal from the active surficial mine at mine-site number Er/RM-4-20, Erath County, Texas. (a) Magnification is x 500. Long thin crystals of marcasite with adhering plates of clay. (b) Inset area in (a) magnified to x 2500; leftmost increment in bar scale is 10 microns in length. Fresh crystals of marcasite. Small white masses to right may be alteration minerals.
	Figure 24- ' Scanning-electron micrograph of melanterite (?), • 7H20, monoclinic, a product of the oxidation and hydration of marcasite under atmospheric conditions. Magnification is x 5000, not x 500 as shown. Leftmost increment in bar scale is 1 micron in length. Melanterite tentatively identified by D. S. Barker, Department of Geological Sciences, The University of Texas at Austin.
	Figure 25* Oblique aerial photograph of small ponds on the surface of a spoil mound at mine-site number PP/G-2-51, Palo Pinto County, Texas, 1979* Mound is unstable and ponds may drain suddenly if retaining slopes fail. Photograph by William Hupp, Texas Department of Water Resources (used with permission).
	Figure 26. Effects of excavation and placement of spoil on slopes at mine sites. Effects include devegetation and lengthening, roughening, and steepening slopes.
	Figure 27- Effects of an earth slide at mine-site number M/SL-4-1 » Montague County, Texas, 1 979- The small oak tree shown was contorted by the flow but survived.
	Figure 28. Failed earthen dam just below mine-site number Ea/CN-2-3» Eastland County, Texas, 1979*
	Figure 29. Oblique aerial photograph of large spoil mound at mine-site number Er/G-2-56, Erath County, Texas, 1979- Photograph by William Hupp, Texas Department of Water Resources (used with permission).
	Figure 30. Oblique aerial photograph of spoil mound at mine-site number Ba/Ba-4-9> near Phelan, Bastrop County, 1982. Photograph by R. C. Wynn and H. W. Schoellkopf, Jr., Dallas (used with permission).
	Figure 31• Least-squares fit to erosional data in table 7 (see also table 8). Mining at sites number Hp/SSe-1-2 and Hp/Y-3-1 actually ended in 1976 and both sites were reclaimed in 1980.
	Figure 32. Deep gully at mine-site number Hp/Y-3-1 » Hopkins County, Texas, 1980. The gully is cutting through 3m of spoil material.
	Figure 33. Effects of sheetflood erosion at mine-site number C/FF-4-14, Coleman County, Texas, from 1916 to 1979* (a) Site as it appeared in 1916 when the mine was being operated intermittently. Photograph reproduced from an original owned by Linnie Box, Rockwood, Texas (used with permission). (b) Site as it appeared in 1979 from same position.
	Figure 34. Effects of sheetflood erosion and gullying at mine-site number M/BM-1-4, Montague County, Texas, from 1925 to 1 979.
	Figure 36. Ordination of calculated rates of erosion and coefficients of regression for individual families of erosional data. All symbols as in fig. 31 except as noted.

	Tables
	Table 1. Criteria for recognizing abandoned mine sites in aerial photographs
	Table 2. Qualitative relations governing subsidence and deformation of overburden^
	Relations summarized or inferred from observations by Briggs (1929, p. 181-184), Mohr (1956, p. 149, 150), Wardell (1971, p. 203-209), Zwartendyk (1971, p. 187-190), Brauner (1973 b, p. 23-46), Dunrud (1976, p. 4,9, 13-38), and Kapp (1976, p. 414-418). of relations: XaY: X is directly proportional to Y; an increase in X produces or is associated with an increase of comparable magnitude in Y. XuY-1: X is inversely proportional to Y; an increase in X produces or is associated with a decrease of corresponding magnitude in Y. 2 These expressions of magnitude and rate correspond both to the vertical and horizontal components of subsidence. The magnitude of subsidence also affects the horizontal extent, of the area of subsidence . 3 The severity of deformation (fracturing and folding) is an indication of the vertical and horizontal extent of fractures and their associated displacements, the density of fractures, or the size and distribution of folds.
	Table 3 . Fusibility of clays from coal mines in Texas^
	Untitled
	Sample collected at coal mine in Texas and tested by Ries (1908). Many other tested samples were collected in counties and communities in which coal was mined but the locality listings for these samples did not state or clearly imply that they were from coal mines. 2 Ries (1908) tested the ceramic qualities of clays from throughout the state. Chemical and physical analyses of all the clays discussed here are included in Ries* report. Ries' data (physical and chemical) were reiterated in condensed and tabulated form by Potter and McKnight (1931, p. 167-175 and tables 1 and 2). 3 Percentage of volumetric shrinkage resulting from partial drying in air prior to firing. temperature at which fired clay enters one of the three stages of fusion. The temperature was determined by the onset of melting of one of a standardized series of ceramic materials that were fired simultaneously. The melting point of this ceramic material ("cone") is calibrated to an accuracy of 10 to 15 degrees Celsius (18 to 27 degrees Fahrenheit). Fire shrinkage: percentage of volumetric shrinkage resulting from firing to one of the stages of fusion. Maximum shrinkage is attained at vitrification; continued heating does not affect the volume of the sample. Absorption: a measure of the relative porosity of the fired sample at one of the stages of fusion. Absorption is determined by weighing the sample before and after impregnation with a liquid; the increase in weight (that is, the weight of the liquid absorbed) after impregnation is expressed as a percentage of the original weight. of relative fusion at which part of the fired sample first begins to melt, filling some of the interstices between remaining solid grains with liquid (which, upon chilling, becomes glass).
	Untitled
	Untitled
	Table 5. Selected Geochemical Analyses of Samples from Coal Mines in Texas.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Table 6. Data from direct monitoring of the movement of sediment on a spoil mound at mine site number Ba/Ba-4-9, Phelan, Bastrop County, Texas
	Table 7 . Erosion at selected mine sites, and corresponding erosional rates.
	Table 8 . Functional relationship between erosion and time of abandonment of a mine site (linear regression of data in Table 7 .).
	Table 9. Tests of coefficient of regression and y-intercept. Notation follows Sokal and Rohlf (1981, p. 473, 474).
	Figure 35. Least squares lines fit to families of erosional data in table 8. All symbols as in fig. 31.
	Basic data from Greiner (1982) except where noted. Units in which data were expressed by Greiner (1982) and others are here converted to more useful or readily comparable forms. Conversion introduces a small percentage of error because of rounding, but these errors generally are eliminated by calculating the tabulated values to no more than one decimal place beyond the appropriate number of significant figures. 2 Yield points are fixed points of reference along streams. The location and significance of each of the 300 yield points figuring in the study are discussed by Greiner (1982). Erosion by water in that part of the drainage basin above each point was estimated by use of the universal soilloss equation. Sediment loss in "noncontributing areas" (areas of internal drainage) is not included in these estimates. Volume of sediment loss per unit area determined by recalculating Greiner's estimate of the quantity of eroded sediment to an assumed sediment density of 1.2816 Mg/nr3 (80 lb/ft3), the value accepted for general use by Leopold and others (1964, Appendix B ). Other values for sediment density are given by the Soil. Conservation Service (1968, p. 2-16 to 2-19; 1971, p. 10-11 to 10-13). Table 10. Summary and comparison of annual rates of erosion by moving water in Texas.^ (All rates per annum.)
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