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[Map shows bedrock units and clinker only; Quaternary alluvium and terraces are not shown]
Tw Wasatch Formation (Eocene)—Brown carbonaceous shale, gray shale, light-
to medium-gray friable siltstone, and very fine- to fine-grained sandstone,
coal, and lenticular beds of silty limestone (Culbertson and Klett, 1979a)
Fort Union Formation (Paleocene)

Tongue River Member—Light-yellow, yellowish-gray, and light brown to
yellow sandstone, interbedded with lesser amounts of siltstone, gray to
brown shale and carbonaceous shale, light-gray and pastel-colored clay,
thin discontinuous beds of limestone, calcareous shale and sandstone,
and thick to thin coal beds. Sandstone beds are wedge shaped to lenticular,
arkosic, friable, fine to coarse grained, moderately well sorted, thin to thick
bedded; locally crossbedded to ripplemarked. Plant and freshwater
invertebrate fossils common in some beds. Coal beds common throughout
(Luft, 1988d). See table 2.

Stratigraphic intervals of the Tongue River Member in which clinker
has formed in related coal zones. Clinker units are shown in stratigraphic
order of coal zones, not age of clinker. All units include clinker as young as
late Holocene. Some clinker of Anderson coal may be as old as late Pliocene
Stratigraphic interval containing Anderson and higher coal zones

Ttr

Stratigraphic interval between Anderson and Knobloch coal zones

Stratigraphic interval within Knobloch coal zone

Stratigraphic interval below Knobloch coal zone

Lebo, Tullock, and Ludlow Members, undivided—Dark- to light-gray shale
and claystone, locally carbonaceous; lenticular to tabular beds of yellow,
brown, and gray sandstone, in part crossbedded, that is locally ledge
forming; gray siltstone; minor coal beds; and local thin lenses and stringers
of concretionary ironstone. Fine-grained rocks and matrix of some
sandstone beds contain abundant swelling clays, mainly smectite (Luft and
Colton, 1984)

Hell Creek Formation (Upper Cretaceous)—Greenish-gray shale and light-
brown, medium- to coarse-grained sandstone. Dinosaur bones are found
at many localities throughout the formation (Colton and others, 1983b).
Includes Fox Hills Formation and Bearpaw Shale in northwest corner of
map, west of Forsyth.

Khe

Contact

——I—— Fault—Ball and bar on downthrown side. Only faults that cross formation
boundaries are shown

Clinker areas—Pliocene to late Holocene age

Coal fire localities—Numbers refer to fires listed in table 1
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Table 1. Active or historical coal fires that have occurred in the study area Table 2. Published names of major named clinker-producing coal beds in six drainage basins and one mountain INTRODUCTION Heat from the burning coal, carried upward by convection of hot gases, bench formed by the Knobloch clinker above the Tongue River. These two 28,57 g? 57 56 g
’ range in the study area Clinker is thermally metamorphosed rock that has been baked and (or) metamorphoses the overlying rock. Heat-induced changes range from slight cross sections are superimposed (cross sections A-A’, B-B') to show the 56
T., township; R., range; -- , indicates map number not assigned to this fire] » . ) o o . fitsed by the in-place burning of underlvi 1. in the map an linker ‘is hardening and a color change toward red or yellow to sintering (hardening by stratigraphic and topographic relationships. Strata in the Tongue River valley 2 3 4 2757 2,26 [2,24 | |45,| 41, (46,56
: ’ ¢ ’ [For localities, see Index Map. Correlation of beds between drainage basins is not practical in many cases because coal beds pinch and used Ly the inrplace & | o GHAREGING cans 1 1€ TP BIEA O DBEE ¢ raising the temperature of the rock to near the melting point) to even melting dip gently to the south, causing the clinker benches to descend southward to . 56| 56 44,
split in complex ways that are not completely understood, and published sources disagree on nomenclature. Coal exploration holes do generally various shades of red, yellow, gray, purple, and black. The physical A : ; " T 78 5. [45.57 56
. . not normally extend to the base of the Tongue River Member of the Fort Union Formation, so data for correlation of deeper beds change produced by baking generally ranges from slight hardening to the rock to a bl‘ack vesicular paralava (Bastin, 1905; Cosca and others, 1989). river level. The gradient gf the.Tongue River is addgd to the compound cross o — géss ba nesa
Map Location Source of Start of End of Size of Cause Comments Map Location _ Source of Start of End of Size of Cause Comments beneath divides between drainage basins are lacking. Many thin and (or) laterally discontinuous beds have burned to form mappable thorough sintering: in most areas, a small proportion has been melted to Intense fracturing, produced by both structural collapse (Verbeek and Coates, section to show the relationship between coal burning and ground water. No 46700 g T7g ] } 1549 5 78 78-0833 |56
no. information  fire fire fire of fire no; information fire fire fire of fire clinker units, and erosion has destroyed the continuity of coal beds over large areas] produce a lava-like, vesicular soek kiown as paralava, The baked rock is 1982) and dehydration of clay minerals (Coates and others, 1987), creates a coal has burned below the level of the river, which controls the water table. At | L | 0640 | -y
significantly more vesistant than, It unbaked parent sockand consequently is high fracture permeability in the body of baked rock. Clinker can be readily the south end of cross section B-B', where the Knobloch coal is exposed in the 2,49 ! T ! i 57
. . . . . . ) Typical thick-  Armells  Rosebud Tongue Otter Pumpkinand  Powder Pine Hills left in relief by erosion recognized on color aerial photographs: it appears red on natural color bed of the Tongue River near the settlement of Birney Day School, coal ! 0648 | 0836 | 0645 | 0683 | 78-063 ) _ 178-0837 79-0019
LI N1.'3R.s‘11~:31 /E" \gc b‘i:rbe(‘;‘.l Not known  Still burning = 5 acres  Not known S;’;’:‘;"Znﬁontc;'; for A e S,;OR' W E., M:ﬁ:l:smd Bs‘.';:;"g sle g;ezmber' 2 seres Not known 2Fif::esin532d f:.,aflm' Map ness in Tongue Creek  Creek River Creek Mizpah River east of This map shows the distribution of clinker produced by naturally occurring photographs and yellow on color infrared photographs. burning has produced clinker down to where the coal intersects river level. The 2,21} | 12 1249 2  -78-0008
sec. 13, eabody Oi i - sec. 30, o . i : - ; . X : ” ; ey i - ; ,
Wil aee. Sy, ridge. Disturbed SW1/A, 1665 1640% thick) of Rosebud or unit River drainage  drainage  drainage drainage drainage fi:re'eks drainage Miles City fires in coal beds in the Paleocene and Eocene rocks of the northern Powder wate}r table, whl_ch is controlled by the river, has preve'nted th<'z coal fl:om I| 79_ Ly ,
24, NE1/4 personal area 50 yards wide. sec. 31, McKay coal. reinages River Basin. A dot grid based on section corners was used to determine the AGE OF BURNING })urr;mg belo_w ey le‘l’el' ﬁt the south end qf sl sect:oq A~A', near river 0?1} | 0731'7 0007 il o011 | 070%'4 0731-3 ng‘s 79_uoosll 12
NW1/4 commun., Fire in coal bed 8 ft NW1/4 area of clinker on the map. Of 5,129 section corners in the outcrop area of the The natural burning of coal beds, and therefore the forming of clinker, is elv ek, e);tractlct).n of coal at the West Decker Mine is interrupting the process of 7. T~7—9—__T—7_9_-_“ e | |53 |3
1983 thick. 06 BEEEAE WMl 1045 Sopreber, 1 wa —— el il “ll:asatctl} As g;if,dflt Roland Roland Roland Tongue River Member of the Fort Union Formation, 992 lie on clinker, an ongoing process that has continued since late Tertiary time when uplift cin g‘o(s)sr?ez::tli?)?{ € C shaws thesalationslilp of clinkerto topography asross 0005 | 0003 | 0015 0001 " ! i | v > T 79-0082
. o Ko . s ormation as . . . AN . P . s . o G T — — | -
2 T.1N,R.43E, USBM internal About 100 Still burning Not known Not known Warm air from fire sec. 30, others, 1972 of mine abandoned mine . ‘ lndlcat.lr'lg that 19.Eercent of the outcrop area (992 mi?) is covered bs{ 2f:lmker. initiated dou./ncut'tmg an'd erosion in the Powder River Basin. Flssmn-t.rack the Tongue Rivervalley. A broad benich on each side of the river is capped by 20,61 ';79_00 84'l 0079 73-0099, 0085 ]
secs. 13, 24 memo dated  years ago  June, 1989 exiting from hilltop. SE1/4, 1967 spoil? workings in unnamed Tongue River 330 ft Smith Smith Smith Garfield Anderson In addition, 11 mi? of the Wasatch Formation outcrop area and 2 mi? of the ages of detrital zircons in clinker samples collected on the Tongue River- dinkerofthe Knobloch.coal. and the divide:on eachside of the tver s capped 52 e T 7. 52 |49
June 26, Unnamed coal bed, SW1/4; coal bed (7 ft thick). Member Anderson .gnderson Snderson Dietz undivided Lebo, Tullock, and Ludlow Members of the Fort Union Formation Rosebud Creek divide show that parts of the Anderson coal in that area burned b elinket af the Andeysen oal ppe | | 0097 +~79-0095
1989 unknown thickness, sec. 31, above base Dietz ietz ietz are covered by clinker. as long ago as 1.440.4 Ma and burning has continued sporadically since then : 79- ! 79- I 2
burning under 40- NE1/4, ‘c’éa‘?';gfl’e”“ The average thickness of clinker in the study area is 40-60 ft, but locally it is as more coal is exposed by erosion (Heffern and others, 1983). Fission-track USES OF THIS MAP 0083 | 0091 l
0 #t: of overburden. NW1/4 as thick as 220 ft. The volume of clinker in the map area is approximately dating is more accurate on zircons with fission-track ages of 0.5 Ma and older On this map the Tongue River Member is subdivided into four stratigraphic 51 | LJ_ZLP 60
. . : Tongue River 820 ft Canyon Canyon Canyon Ferry Canyon 7-11 mi3. The thickness of unburned segments of coal beds in the area than on younger zircons. For this reason, much of the clinker in the region is units based on major coal beds. This provides a general picture of the distribution i :
3 'rs ; ;:7 It‘., f,sz E., USBM files \:/:]smt::itd P;x; So;t in 25 acres  Not known Ulnsn.azr(t)le?t c;z;‘l:k?esv on 11 Ts.ez.si, RS. 1;11/ 415, USBM files Not known Plu; 60;1t in Not known Not known U:l::::ziezoa; um alleember \CNoEk g;;;k Eer;i gook Cook suggests that the average 40-60-ft-thick clinker exposure represents the too young to date reliably using the fission-track method. of thick coal beds, not only where they are now, but where they have been 79‘°‘°‘i 075;8 6179008
socZ}, WA reportes el e et , Ant(\;';esgn 2l Daricis - X Pawnee burning of a coal bed 15-20 ft thick. If this is the case, then the clinker in place is Clinker is being formed today at the sites of active coal fires. The coal fires burned and (or) eroded away. For example, north of the Decker mines, where = 0 B Lo e A79-0081
sec. 33, E1/2, fire in 1930's. 12 T.3S,R. 40E, Magill and Not known Put out in 1 acre Not known  Unnamed coal bed. and Knobloch Swift Brewster- Elk G arecord of some 15-25 billion tons of coal that has burned. Fission-track ages listed in table 1 and on the map are not the only fires burning today; the authors the Anderson coal is being mined, the clinker produced by this coal is thick and 13,58 [ ! :
sec. 34, sec. 8, others, August, coal zones Armold Dunning D of clinker in the map area show that most of the burning represented by in- were not able to document all the fires that have been reported to be currently resistant, indicating that the coal in that area was thick and continuous. On the : :
w1/2 SW1/4 69%;;{ . 1964 Odell place clinker has occurred during the last 2-3 million years (Heffern and burning in the map area. Many fires have been extinguished since ranchers other hand, on the divide between Otter Creek and the Powder Riverin T. 6-7 N,, 79-009679-0090) 79-0094 R
S iles ) others, 1983). In addition, an undetermined amount of coal burned during and settled the area, so that the rate of formation of clinker has been diminished R.47 E., and on the divide east of Rosebud Creekin T.4-6 S, R. 3940 E,, the 18 [59 |17 13,58 s
4 T.1N,R. 46 E, USBM files Pre-1958 Put out in 17 acres  See this table, Spontaneous combustion Tongue River 165 ft Sawyer  Sawyer Sawyer Knobloch Sawyer Cache F bef that ti df d clinker that b 1l ded dt l'; tit I sl h f i - ’ P : : P l,’] he And ? ! 79-0781 0783
: d (1.8 ft thick Mesriber in Knobloch Knobloch efore that time and formed clinker that was subsequently eroded. ) compared to what it was as recently as the last century. The rate of natural coal Anderson clinker is thin and very discontinuous, indicating that the Anderson o
,slfci :19 v 1961 cc:l': :::ms ::; 3::11“:: d (co ol ¢ thick) 13 T.3S,R 44E, Magil and Not known August, 250 ft by Not known  Fire on Sbankof Knobloch coal Much of the clinker in the Fort Union Formation was formed by two major burning is related to the rate of exposure of coal beds to the air due to erosion coal is thin in those areas. On the divide between Rosebud Creek and the 3798—9 3798'4 :(17986 i
sec. 34 , sec. 28, others, 1964 50 ft L°f ggb;n%Cregkn?itnsnte zone coal zones in the Tongue River Member: the Anderson coal, 320-450 ft below of overburden and backwasting of slopes. Rates of stream downcutting and Tongue River between Lame Deer and Ashland, the Anderson clinker is thick 48 |15 |16 B e e
:5»'1/44: 1967 O s Tongue River 330 f Rosebud  Rosebud Flowers- s T Doty the top of the member, and the Knobloch coal, in most areas 380-500 ft above backwasting of slopes have been faster at times in the past due to differences in and resistant, indicating that a thick coal zone has burned there. Thus the “ ! }
5 T.1N,R.47E, USBM files Not known Put out in 1.2 mi Not known Unnamed coal bed 1 Member McKay  McKay ole Goodale the base. In the intervening 1,000 ft of section are numerous thinner and less climate. As stream cutting and regional downwasting in the area progress, the distribution and thickness of clinker can be used to reconstruct, in a general 0785 179 | | 79-
sec. 34, 1964 long (10 ft thick) burned : ; between Robinson Terret Terret extensive coal horizons that burn to form clinker (table 2); the most prominent, water table is lowered. As time passes coal beds at different areas are drained of way, the thickness as well as distribution of coal beds that have long since - 79-0781; 0791| 79-0082 | 0792
. s 14 T.4S,R.8E USBM files Fall 1917 Put out in 17 acres Human Rancher built fire on Yy g 45°00
S1/2 intermitently along sec. 14, B2, 1866 il iy v Knobloch Burley from bottom to top, are the Pawnee, Wall, Cook, and Canyon coals. Smaller ground water. When the coal is above the water table and is exposed to air, as in burned.
1/2 mi of outerop. sec. 15, E1/2 coffee. coal zone and unnamed coal beds in this interval have produced smaller clinker bodies. an outcrop or beneath very thin cover, spontaneous combustion can initiate “Near-surface clinker beds... play havoc with seismic interpretation.”
base of i play P INDEX MAP SHOWING SOURCES OF GEOLOGIC DATA. NUMBERS REFER TO
member Below the Knobloch coal, areas of clinker large enough to map were produced burning. On a cold and snowy winter day, one can see steam escaping from (Keener, 1985, p. 49). Because of its abundant fractures, clinker forms a very NUMBERED CITATIONS IN REFERENCES. AREA COVERED BY REFERENCE
. . 15 T.4S,R.51E, USBM files Not known July, 1964 500 ft by Not known  Site of small mine. by burning of the Rosebud, Flowers-Goodale, Terret, Broadus, and Dominy bare spots on clinker hillsides at many places in the map area. poor medium for transmission of seismic energy. When the energy source of an NO. 2 IS LIGHT BLUE: OPEN-FILE MAP éOUND ARIES ARE DASHED AND
P A EE ek e leE T aneE e e SE1A v Ly 0%0n coals expllonation: selswis aniay s plaed i erakeve cifikdr, 1113 ciftioultte bl 2 HYPHENATED. OPEN-FILE NUMBER IS IN EACH MAP AREA
sec. effern . ’ an ow £ & H i i i i . 2 o
: : coherent seismic record. This map can aid geophysical exploration for oil and
SWis bed sowgee son. S indvicod NATURAL BURNING AND PRODUCTION OF CLINKER LANDFORMS CREATED BY CLINKER gas by providing distribufion of clinker areas to avold.
NE1/4' 16 T.5S,R.49E, USBM files "200 years Put out in 3.6 acres Not known  Unnamed coal bed (8- Some coal-bed fires are started by range and forest fires, but many are The varied siltstone, shale, and even some of the sandstone lithologies of Clinker is commonly used for fill and for surfacing roads in areas where
sec. 6, SE1/4 old" 1976 12 ft thick) mined started by spontaneous combustion. Most of the coal beds in the Fort Union the Fort Union Formation are poorly consolidated and easily eroded. When stream gravel is not available. The map can aid agencies and contractors
7 T.2S,R 43 E, Magill and  First re- July, 1958 8 acres Not known Extinguished by USBM sec. 7, NE1/4 nearby 1920-1948. ; ek ; ; : ; monlv iani these rocks are baked to clinker, however, resistance to erosion is increased not engaged in road building and maintenance to define source areas of clinker to
- Formation are high-volatile subbituminous coal, which commonly ignites ) ! gag g
sec. 14, others, 1967 ported an north CSldekof-F ) spontaneously when pulverized and exposed to the air under moist conditions. only by hardening, but by increase in fracture permeability, which allows water be used as road-building material. ' ) _
:::vll/{: gg inur:;:gmrefet 'micl:)e 17 T.8S,R 49E, USBM files August,  Put out in See the Range fire  Fire ignited trees rooted Once established, and not interfered with by man, a coal-bed fire generally to infiltrate freely, thereby decreasing surface runoff. For this reason, the Springs flowing frorp the base of the larger and thlcker. clinker bgdles,
iy e of Knobloch coal. sec. 22 1955 1960's Comments gl ﬁ;}&ed;a Tb\z%.ﬁreslgr continues to burn until it runs out of fuel, is snuffed out by collapse of clinker (due to its greater resistance to erosion) is left standing in relief (as the especially in clinker basins, produce some of the best quallty water in t.he
much Active burning face e 75 ft wide, one fire 200 ft overburden, or encounters the ground water table. In the Antelope coal field in landscape is etched and lowered by erosion), forming the tops of mountains, region. Woessner and others (1981) measured flow and total dissolved solids
older about 800 ft long. ::‘:1 N by 50 ft. the southern Powder River Basin, burning in the Wyodak coal was limited in its hills,-and rid'ges as well as prominent benches on valley sides. In some areas, (TDS) in springs flowing‘fr‘om the base of the Anderson clinker on the Tongue
downward extent by the free-standing water table (Budai and Cummings, multiple episodes of burning, accompanied by subsidence and erosion, River-Rosebud Creek divide between Ashland and Lame Deer. The largest, CONVERSION FACTORS
8 T.2S,R 4E, Visit by EL. First Probably 200 acres, Not known  USBM attempted to 1984). The coal in both the map area and the Antelope coal field is highly produced near-circular depressions 0.2-0.8 mi? and 30-130 ft deep known as Crazy Head Spring, located in a clinker basin, had a measured flow of 92 gal Multiply By To obtain
sec. 12, E 1/4 Heffern reported still 3/4 mi extm.gulsh fire (1)1'1 fas R aE R . _— . _— o e oovd o fractured and a good aquifer. Apparently water that is vaporized by the heat of clinker basins (Woessner and others, 1981). per minute of water with 300 mg/1 TDS. Dissolved solids are predominantly ohes (i :
:ef %R's?/li'/it ;?::;My barning long 1960s gud 1970 o Riehne Bl lz‘::';s 2 oL Xnown :f“‘{; o SR A0 e R g:ee:ﬁ;fe Eredt. the coal fire is replaced by inflow rapidly enough to limit the spread of the fire. Cross section A-A' is drawn along the divide between the Tongue River calcium, magnesium, and bicarbonate. Clinker aquifers are unconfined If::t "(3:( )('n) 52348 ‘r::tte"rze(trir)s (cm)
Rt mebsbly restdenrs o Cheyene Tadia In the map area, most of the coal that lay beneath thin overburden and above and Rosebud Creek, which is capped by clinker of the Anderson coal. Cross because the high fracture permeability of the clinker generally extends to the miles (mi) 1.609 Kilometers (k
NW1/4 ’ Reservation. the water table has been burned. section B-B’, which is subparallel to A-A’, is drawn along the topographic ground surface. : POIETEE (e
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