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Depositional History and Petroleum Geology of the Permian Phosphoria, 
Park City, and Shedhorn Formations, Wyoming and Southeastern Idaho

By

James A. Peterson 

ABSTRACT

Integrated studies of over 500 subsurface control sections and over 200 
measured surface sections indicate that paleostructural growth of late Paleozoic 
structural elements, penecontemporaneous with deposition, markedly influenced the 
distribution of Permian cyclic lithofacies and carbonate reservoir belts in 
Wyoming and southeastern Idaho. Major paleostructural features include the 
Antler erogenic belt, Sublett basin, and Bannock high of southeastern Idaho, the 
Cortez-Uinta axis, the Wyoming shelf margin, and several paleostructures on the 
Wyoming shelf, some of which may represent early growth of features that later 
were involved in Laramide orogenic movements. Identification of paleostructural 
growth is based on interpretations of depositional environments of Permian facies, 
along with thickness patterns of Permian as well as pre- and post-Permian 
stratigraphic units.

The Phosphoria Formation and the equivalent beds of the Park City Formation 
are divisible into two main depositional cycles, comprising the Franson and Ervay 
Members, which in turn are separated into subcycles, based on a marker-bed 
correlation framework, applicable throughout most of the Wyoming shelf province. 
Marker beds are thin sandy and shaly units that represent widespread clastic 
deposition across the shelf during low sea level stages at the termination of 
each subcycle. Reservoir beds are associated with early diagenetic dolomitization 
of coarse-grained skeletal carbonate mound belts, concentrated along 
paleostructural high areas of the shelf. Dolomitization of these beds is believed 
to have been caused by seepage-reflux of high-magnesium waters, with a westward 
shelf-to-basin gradient during low sea-level stages at the termination of 
depositional cycles. Deposition of phosphorite and organic-rich dark shale 
occurred at the time of the maximum regressive and early transgressive stages of 
the two main cycles. Carbonate-mound buildup of bryozoan, crinoid, brachiopod, 
oolite-pellet, phylloid algae, and other skeletal debris occurred during maximum 
transgressive stages when optimum normal seawater circulation systems were present 
across the shelf.

Thick, organic-rich, dark shale petroleum source-rock beds are present in 
the Meade Peak and Retort Members of the Phosphoria Formation, with maximum 
thickness in southeastern Idaho and westernmost Wyoming. A substantial thickness 
of dark shale is also present in the Green River, Wind River, and Bighorn basins. 
Isopach maps of post-Permian strata suggest that burial depths in the western 
area were sufficient for generation of petroleum from the Phosphoria beds to 
begin as early as Jurassic time. At that time an eastward migration gradient 
existed across west-central Wyoming, perhaps as far east as the Bighorn Mountains 
and Casper arch. Late in Mesozoic time, generation and migration should have 
begun from the source-rock facies farther east in the Green River, Wind River, 
and Bighorn basins, with a migration gradient into local reservoir belts.

The nature and distribution of stratigraphic facies in the overlying Dinwoody 
Formation suggest that cyclical depositional patterns characteristic of the 
Permian continued into the Triassic. The striking difference between the



Phosphoria and Dinwoody sediments is interpreted to have resulted from the 
worldwide decline and extinction by Triassic time of major elements of the 
Paleozoic marine biotic assemblages which were largely responsible for the 
deposition of organic carbonate mound buildups and associated organic-rich 
sedimentary facies in the Permian and earlier Paleozoic beds.

INTRODUCTION

Permian rocks outcrop extensively in the mountain ranges of Wyoming and 
southeastern Idaho (Map 0) and are present in the subsurface throughout all of 
that area. Carbonate reservoirs of Permian age have yielded substantial amounts 
of petroleum, mostly oil, in the Bighorn and Wind River basins of Wyoming (Map 
0). The highly organic phosphatic black shales of the Phosphoria Formation are 
considered to be the source rocks for this petroleum (Stone, 1967), as well as a 
major part of that found in other upper Paleozoic reservoirs in Wyoming. Because 
of petroleum interest, extensive exploratory drilling has been completed in the 
Permian and underlying Tensleep Sandstone, especially since World War II. 
Likewise, because of interest in the large Permian phosphorite deposits of western 
Wyoming and southeastern Idaho, comprehensive outcrop studies of these rocks have 
been completed by the U.S. Geological Survey and others during the post-war 
years. Among the more significant publications are those by McKelvey and others 
(1959), Sheldon (1963, 1967), Sheldon and others (1967), Maughan (1966, 1975), 
Yochelson (1968), Boyd and Maughan (1973), Gulbrandsen (1966), Burk and Thomas 
(1956), and Thomas (1934).

The purpose of the present work is to integrate outcrop data and subsurface 
information in order to relate Permian sedimentary history with reservoir 
distribution, source rock facies, and potential migration patterns of petroleum 
accumulation. Information taken from about 250 surface stratigraphic sections 
and over 500 boreholes was analyzed for detailed stratigraphic, lithologic, 
biotic, and porosity data. Field work was begun in 1967, under NSF Grant GA 
12948, and the subsurface study has continued after 1975 under the Branch of Oil 
and Gas Resources of the U.S. Geological Survey. The work was completed in 1977, 
and the report does not incorporate subsurface data made available since that 
time.

ACKNOWLEDGMENTS

The advice, discussions, and suggestions of E. K. Maughan, C. W. Spencer, R. 
P. Sheldon, R. A. Gulbrandsen, and W. C. Gere were very helpful in carrying on 
the work. Direct contributions to the study were also made by G. P. Cole, D. C. 
Ahlstrand, M. D. Brittenham, T. S. McClellan, R. D. Shepherd, and J. R. Welch, 
former students at the University of Montana.

REGIONAL STRUCTURE AND PALEOSTRUCTURE

The area of study includes the Overthrust Belt of southeastern Idaho and 
western Wyoming, the adjacent part of the Basin and Range province to the west in 
southeastern Idaho, and the Wyoming Rocky Mountain foreland structural province 
to the east as far as the Laramie Range and Bighorn mountains (Map A). A large 
volume of work has been published on the regional and local structure and 
structural styles of the Wyoming Rocky Mountain foreland structural province 
(e.g., Berg, 1962; Blackstone, 1963; Prucha and others, 1965; Sales, 1968; Stone, 
1969; Stearns, 1971). Interpretations of structural styles and tectonic history 
of the overthrust belt have been summarized by Armstrong and Oriel (1965). Other 
informative work, and in some cases somewhat different interpretations on overthrust 
belt structure are presented by Eardley (1969, 1972), Crittenden (1961, 1972), 
Crosby (1970), Royse and others (1975), and Lowell (1977).
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No. LAC it Ion Source of dita . No.

1. Paris Canyon

2. Laketown Canyon

3. Brazer Canyon

A. Am T. i da, Chicken 
Cr-ok No. I

5. South Mountain 
Pit

6. C.irt-T, Meridian 
Hidge No. I

7. OendlIne Ridge

8. Mobil, Tiptop 
32-19

9. Conposite - Mtn.
Fuel, Bruff No. 1 
and Steele Butte

10. So. t^rk Little 
Vind Ri ,-er

11. Stanolind B-l, 
Sage Creek

12. Sinclair, 'Jo. 1
Indian, S. Pilot

13. Shell, Pavtllion 
33x-10

14. Black Rock Ridge

15. Red Creek

16. Argo Oil, Govt. No. 
51, Hamilton Dome

17. Pioneer-Phil lips,
Golden Eagle Mo. 1

18. Phillips No. 1A, 
Mesa

19. Anderson-Pritchard, 
No. 1 Blue Ridge

20. Tiger Oil, No. 1 
Holly Sugar

21. Tenner.o, Frisby 
Fed. Mo. 1

22. Pan American No. 37 
Cottonwood Creek

sec. 8, T. 14 S, R. 43 E, 
Boar Lake Co., Idaho

sec. 32, T. 13 N., R. 6 F.., 
Cache Co., Utah

T. 11 N., R. 8 E., Cache 
Co., Utah

sec. 30, T. 22 N. , R. 117 W.,
Lincoln Co., Wyoming

sees. 8, 9, T. 23 N., R. 116 W., 
Lincoln Co., Wyoming

sec. 10, T. 26 N., R. 115 W., 
Lincoln Co., Wyoming

sec. 7, T. 27 N., R. 114 W., 
Sublette Co., Wyoming

sec. 19, T. 28 N., 113 W., 
Sublette Co., Wyoming

sec. 22, T. 19 N., R. 112 W., 
Lincoln Co., Wyoming, and sec. 
36, T. 33 N., R. 108 W., 
Sublette Co., Wyoming

sec. 18, T. IS., R. 2 W., 
Fremont Co., Wyoming

sec. 4, T. 1 N., R. 1 U., 
Fremont Co., Wyoming

sec. 4, T. 2 N., R. 1 W., 
Fremont Co., Wyoming

sec. 10, T. 3 N., R. 2 E., 
Fremont Co., Wyoming

sec. 23, T. 6 N., R. 3 E., 
Fremont Co., Wyoming

sec. 8, T. 8 N., R. 3 E., 
Fremont Co., Wyoming

sec. 14, T. 44 N., R. 98 W., 
Hot Springs Co., Wyoming

sec. 12, T. 45 N., R. 97 W., 
Hot Springs Co., Wyoming

sec. 27, T. 46 N., R. 96 W., 
Hot Springs Co., Wyoming

sec. 33, T. 47 N., R. 95 W., 
Washakie Co., Wyoming

sec. 26, T. 47 N., R. 93 W., 
Washakie Co., Wyoming

sec. 24, T. 47 N., R. 92 W., 
Washakie Co., Wyoming

sec. 9, T. 47 N., R. 91 W., 
Washakie Co., Wyoming

McKelvey and othors, 1959 6

Chency and others, 1953 3

Smith and others, 1952 3

American StratIgr.iphic Co. 3 

Sheldon, 1963 3, 6, 12

American Strat ip.raphic Co. 3

Sheldon, 1963 3

American Stratigraphic Co., 3 
Sheldon, 1963

American Stratigr.iphlc Co. 3

Measured and sampled by Peterson 3 
and Ahlstrand, 1971

Measured and sanpled by ^eterson 3 
and Ahlstrand, 1971

American Str.it ier jphir Co. 3

American Stratignphic Co.

American Stratigraphic Co. 3

Measured and sampled by Peterson 3 
and Ahlstrand, 1971

Measured and sampled by Peterson 3 
and Cole, 1970

.American Stratigraphic Co. 3

American Stratigraphic Co.

American Str.it iy,r iphic Co.

American Stratit-riphic Co. 3, 6, 10

American Strattgrnphic Co.

American Stratipraphtc Co.

American Stratij^r.iphic Co. 3, 6
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Table 1.--1,1st of selected strit Igr.iphlc q«>otlon8—Continued

No.

23.

24.

25.

26.

27.

28.

29.

Na me

Stanolind, Govt. 
F.lliott- Vn. 1

Gulf , S. No wood 
No. 1

Tenslecp Canyon

Ornzy Won.m Cr.

Pure Schoonover 
No. 1

Texas, Adon N'o. 1

Rock Canyon-

Location

sec. 29, T. 48 N., R. 90 W. ,
Wnsh.ikto Co., Wyoming

sec. 31, T. 48 N., R. 89 W., 
Washakle Co., Wyoming

T. 48 N., R. 88 W., 
Washakle Co., Wyoming

T. 49 N., R. 83 W. , 
Johnson Co., Wyoming

sec. 20, T. 48 N., R. 76 W. , 
Johnson Co., Wyoming

sec. 2, T. 52 N., R. 72 W., 
Campbell Co., Wyoming

T. 4 to 6 S., R. 37, 38 E.,

Source of data

American Stratlgraphic Co.

American Stratlgraphlc Co.

J. HcCune, 1953 
Measured and sampled by Peterson 
and Gilmour, 1967

Hose, 1954

American St rat ip.raphlc Co.

American Stratigraphic Co.

Snart and others, 1954

rig. NO.

3

3

3

3

3

3

4, 5
Fort Hall

30. Fill Creek

31. ^rgunent Kidge

3J. P^tt.Tson Creek 
Kidge

33. Mahogany Ridge

34. Foreign Peak- 
Jackson Lake

35. Red Creek

36. Continental Oil,
Ko. 1 S. Shoshone

37. South Sage Creek

38. Bradley Mtn.- 
Wolf Creek

39. Steer Creek

40. Buck Creek-
E. Crean Puff Mtn.

41. Dell Creek-
T.. Shoal Creek

42. Rock Creek

43. Sheep Mountain

44. Dinwoody Lakes

Bannock Co., Tdaho

sec. 17, T. 1 N., R. 43 E., 
Bonneville Co., Idaho

T. 4 N., R. 42, 43 E., 
Madison Co., Idaho

sec. 34, T. 4 N., R. 44 E., 
Teton Co., Idaho

sec. 22, T. 4 N., R. 44 E., 
Teton Co., Idaho

T. 47 N., R. 116 W., Grand 
Teton National Park, Wyo.

Approx. T. 49 N., R. 113 W., 
Yellowstone Natl. Park, Wyo.

sec. 25, T. 50 N., R. 105 W., 
Park Co., Wyoming

T. 9 S., R. 45 E., Caribou 
Co., Idaho

T. 37 N., R. 117 W., 
Lincoln Co., Wyoming

sec. 9, T. 36 N., R. 116 W., 
Lincoln Co., Wyoming

sees. 1, 12, T. 38 N., R. 115 W. 
Teton Co., Wyoming

sees. 17, 20, T. 39 N., R. 
112 W., Sublette Co., Wyo.

sec. 12, T. 38 N., R. Ill W., 
Sublette Co., Wyoming

sec. 36, T. 39 N., R. 109 W., 
Sublette Co., Wyoming

sec. 6, T. 4 N., R. 5 W., 
Fremont Co., Wyoming

O'Malley and others, 1953

Sheldon, 1963
Measured and sampled by Peterson 
and Brittenham, 1967

Gere, Schell and Moore, 1966

Gere, Schell and Moore, 1966

Gere, Schell and Moore, 1966

Sheldon, 1963

Sheldon, 1963

.American Stratigraphlc Co.

Brittenham, 1973

Wanless and ot'iers, 1955

Sheldon, 1963

Sheldon, 1963

Sheldon, 1963

Sheldon, 1963, 1972

Sheldon, 1963

Sheldon, 1963; measured and 
sampled by Peterson and 
Ahlstrand, 1971

5, 6
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T.-iblc 1. — .r. - nipJ»-> wif-ionr — Continued

No. Name Location Source of data

45. Union Oil and Carter,
Mu.ah - Ocu't.. No. 1

46. Continental
23-1 Hams Fork

47. Mountain Fuel Co. 
Church Buttcs 21

48. Mountain Fuel Co. 
No. 4 UPRR

49. Texaco No. 15 
Table Rock

50. Tcnnorn No. I USA

51. Dry Broad Hollow 
and Hardy Hollow

52. California Co. 
Rawhide *!o. 1

53. noose Egg Post 
Office

sec. 35, T. 22 T}., R. 115 W.,
T.Inc'iln r^., '.'ynrilng

sec. 23, T. 20 N., R. 116 W., 
Lincoln Co., Wyoming

sec. 28, T. 16 N., R. 112 W., 
Sweetwater Co., Wyoming

sec. 11, T. 19 N., R. 104 W., 
Swoetwater Co., Wyoming

sec. 2, T. 18 !1., R. 98 W., 
Sweetwater Co., Wyoming

sec. 26, T. 19 N., R. 90 W., 
Carbon Co., Wyoming

sec. 14, T. 7 N., R. 3 E., and
sec. 2, T. 5 N., R. 2 E.,
Weber Co., Utah

sec. 4, T. 48 H., R. 101 W., 
Park Co., Wyoming

sec. 12, T. 32 N., R. 81 W., 
Natrona Co., Wyoming

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

Measured and sampled by W. 
Gore and E. Schell, 1964

American Stratigraphic Co.

Burk and Thomas, 1956

12

12

6, 12

6, 12

6, 12

12

54. Sublett Range

55. Hoop Crr>ok Mtns.

56. Chesterfield Range

57. Snowdrift Mtn.

58. Salt Rl.'er Range

59. Hoback Canvon

60. Mobil FU-44S

61. Richfield, Front 
Ridge No. 1

62. Manthon, Hallone 
No. 7

63. Fundamental Oil, 
Fed. Mo. 1

64. Sohio, Sinns No. 1

65. CRA, Inc., Chorney 
State No. 1

66. Husky, Torgenson 
No. 1, Five Mile

T. 12 S., R. 29 E., 
Cassia Co., Idaho

T. 9, 10 S., R. 31, 32 E., 
Power and Bannock Cos., Idaho

T. 7 S., R. 40 E., 
Bannock Co., Idaho

T. 9, 10 S., R. 45 E., 
Caribou Co., Idaho

T. 34 N., R. 117 W., 
Lincoln Co., Wyoming

T. 39 N., R. 115 W., 
Teton Co., Wyoming

sec. 4, T. 50 N., R. 103 W., 
Park Co., Wyoming

sec. 6, T. 50 N., R. 101 W., 
Park Co., Wyoming

sec. 29, T. 51 N., R. 100 W., 
Park Co., Wyoming

sec. 15, T. 50 N., R. 100 W., 
Park Co., Wyoming

sec. 13, T. 50 N., R. 100 W., 
Park Co., Wyoming

sec. 16, T. 49 N., R. 99 W., 
Park Co., Wyoming

sec. 29, T. 49 M., R. 93 W., 
Big Horn Co., Wyoming

McKelvey and others, 1959

Trlmble and Carr, 1976 
Sando, 1967

Sando, 1967 
Armstrong, 1953

Montgomery and Cheney, 1967 
Cressman, 1964

Sando, 1967

Wanless and others, 1955 
Strlckland, 1960

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

American Stratigraphic Co.

2d



Table 1.—' '.-' f r.- T . 

Location

•;•—font tnuod

67. Pure, Worland No. 1 sec. 18, T. 48 N., R. 92 U.,

Source of data

Anerlcan Stratigraphic Co.

68. Stanolind,
Cottonwood Cr. No. 1

69. Ohio, Tensleep 
OHC No. 5

70. Culf, No. 1 Mills

71. Ha-iilton Done Oil, 
No. 11-A

72. Ar c;o Oil, No. 51
'Lint 1 ton Done

73. 'hillips, No. 1 
r.olden r.agle

74. Phillips, No. 1-A 
llue Mesa

75. Sal-Jwin Creek

'.%oods on Oil, 
Tribal 1-7651

Atlantic Oil, 
N:>. 4, Tribal

Cr-ntineitil Oil, 
Tribal 12-2

sec. 2, T. 47 M., R. 91 W.,
W.ishakie Co., Wyoming

sec. 31, T. 48 N., R. 90 W., 
Washakie Co., Wyoning

sec. 31, T. 48 !J., R. fi9 V.,
'.v'nshakie Co., Wyoning

sec. 18, T. 44 N., R. 97 W., 
Hot Springs Co., '..'yoning

sec. 14, T. 44 M., R. 97 W., 
Hot Springs Co., 'v'yoning

sec. 12, T. 45 N., R. 97 W., 
Hot Springs Co., '.'yoning

SGC. 27, T. 46 N., R. 96 W., 
Hot Springs Co., Vyoning

T. 33 N., R. 101 W., 
Frenont Co., Wyoning

sec. 13, T. 2 S., R. 1 P.
Frenont Co., '.Voning

sec. 36, T. 1 S., R. 4 E.
Frenont Co., "yoning

sec. 12, T. 1 S., R. 5 E.
Frenont Co., "yoning

Anerican Stratlgraphic Co.

American Str.itigraphic Co.

Anoricnn Strat(graphic Co.

Ant-rican Stratigr.iphic Co.

Anortcan Stratigraphic Co.

Anerican Stratigraphic Co.

Anerican Stratigraphic Co.

King, 1957; neasured and 
sanpled by Peterson and 
Ahlstrand, 1968

Anerican Stratigraphic Co.

Anerican Stratijraphic Co.

Anerican Stratigraphic Co.

10

10

10

10

11

11

11

11
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Almost all petroleum produced from the Phosphoria and equivalent beds has 
been found in anticlinal structures around the borders of the Bighorn basin and 
along the southern and western flanks of the Wind River basin. These accumulations 
are primarily oil, rather than gas, and in most cases, fields producing from the 
Phosphoria also produce from the underlying Tensleep Sandstone (Map 0).

Structural evolution of the overthrust belt extended from late Mesozoic 
through early Tertiary time, with maximum intensity in the early Tertiary 
(Armstrong and Oriel, 1965; Oriel and Armstrong, 1966). The present-day 
configuration of the ranges and basins of the Wyoming Rocky Mountain foreland 
structural province evolved mainly during middle to late Tertiary time. Structural 
growth of the Easin and Range province occurred mainly during the late Tertiary. 
Thus, the present-day structure of the area is largely the result of late Mesozoic 
and Tertiary tectonic growth of the northern Rocky Mountains. There is, however, 
increasing evidence for earlier paleostructural growth of many of the "Laramide 11 
structural elements. Some of these paleostructures may have influenced sedimentary 
patterns across the Wyoming shelf province through much of Paleozoic time. The 
presence of an active paleostructural framework during the Pennsylvanian and 
Permian is indicated by interpretations of sedimentary environments, early 
diagenetic processes, distribution of facies, and thickness patterns. The major 
elements which appear to have directly or indirectly influenced sedimentary 
facies and cyclic depositional patterns in Wyoming and southeastern Idaho during 
the late Paleozoic are shown on Map B. Important regional features are the 
Antler erogenic belt, the Cortez-Uinta axis, the Sublett basin, the Wyoming 
shelf, and the Transcontinental arch. A more regional -discussion of many of 
these features and their relation to Paleozoic paleostructure and sedimentation 
in the western United States is given by Roberts and others (1965), Roberts 
(1968), Bissell (1962), Hintze (1973), Peterson (1973, 1977), and Stewart and 
Poole (1974).

The Phosphoria depositional basin is a late stage of the long-subsiding 
Paleozoic Sublett basin of south-central Idaho and adjacent area in which a great 
thickness of Paleozoic sediments was deposited. Phosphoria deposition is 
differentiated by the distinctive sedimentary facies of dark shale, phosphatic 
shale, phosphorite and bedded chert of Permian age that contrast with the 
underlying Paleozoic sediments which are mostly shallow water carbonates, 
sandstone, and some shale. The Cortez-Uinta axis separates the Sublett or 
Phosphoria basin from the Oquirrh basin of Utah.

Rapid westward thickening of Paleozoic sediments occurs along a north-south 
belt approximately coincident with the Wyoming shelf margin, near the Wyoming- 
Idaho border, although shelf-type sediments are present for variable distances to 
the west. This line of thickening is generally referred to as the "Wasatch Line" 
(Kay, 1951), or the "Wasatch-Teton Line" (Grose, 1972). Crustal shortening 
related to Laramide thrusting, however, exaggerates the rapidity of westward 
thickening as shown by palinspastic reconstructions presented in this report and 
elswhere (e.g., Hintze, 1973; Peterson, 1977). Estimates of thrust movement in 
the Idaho-Wyoming overthrust belt are given by Armstrong and Oriel (1965), Royse 
and others (1975), and in numerous other publications on local structures. 
Thrust displacement distances used in this report are taken largely from the maps 
and cross-sections by Royse and others (1975).

Evidence for pre-Laramide Cretaceous growth of Laramide uplifts in Wyoming 
is discussed by Stearns and others (1975), and Royse and others (1975). 
Stratigraphic evidence for pre-Cretaceous growth is difficult to obtain because: 
(1) pre-Laramide structural movements on the Wyoming shelf were much less intense 
than those of the Laramide, and (2) much of the pre-Cretaceous Stratigraphic



section has been removed by pust-Laramide erosion. However, detailed analyses of 
sediment thickness and fades patterns suggest the presence of paleostructural 
elements, several of which coincide closely with uplifts and basins of Laramide 
age. The influence of these paleostructural features is best shown on Maps K 
and L, isopach maps of the interval between Permian marker P-30 (base of Meade 
Peak Shale Member) and the top of the Mississippian Madison Limestone. This 
interval, which includes the Lower Permian, Pennsylvanian, and part of the 
uppermost Mississippian, is largely composed of clastic sedimentary rocks, and 
thickness patterns tend to reflect the influence of late Paleozoic structural 
heterogeneities on the Wyoming shelf. Thickness maps by Mallory (1967), Mallory 
and others (1972), Foster (.1958), Bates (1955), Maughan (1964, 1966), and others 
indicate patterns similar in general to those of Map L, allowing for some 
difference in interpretation of isopach data. The interval isopached on Maps K 
and L underlies the Franson Member and provides evidence for the paleostructural 
system present on the Wyoming shelf at the time of Franson and Ervay carbonate 
inound growth. Regional mid-Permian land areas and paleostructural features of 
the northern Rocky Mountains are discussed by Maughan (1966), who proposed a 
rectilinear system of northwest-southeast and northeast-southwest trending faults 
and folds that affected Permian sediment distribution and facies relations. 
Further substantiation for parts of these regional paleostructural trends is 
shown on several of the illustrations in this report (fig. 3; Maps C, D, G, H, 
L).

The more important paleostructural features are designated as "highs", 
"lows", or "troughs" rather than "uplifts", "highlands", or "downwarps" because 
there is no evidence that they underwent strong tectonic movements during Permian 
time. The "low" or "troughs" were more rapidly subsiding deeper-water areas of 
the shelf and the "highs" were less rapidly subsiding shallower-water areas that 
became low-lying islands during low sea-level stages. High areas are recognized 
by thinning and sometimes increased grain size in clastic sediments and by 
thickening and increase in percentage of skeletal content in carbonate facies. A 
brief discussion of individual features for which there is sedimentological 
evidence for late Paleozoic paleostructural activity follows. More detailed 
analyses of their effects on facies distribution are included with discussions of 
individual Permian stratigraphic units.

The Bannock high is located in the vicinity of the Bannock and Bear River 
ranges in southeastern Idaho which contain exposures of lower Paleozoic and 
Precambrian rocks. This area, called the "Cache Uplift" by Eardley (1968), 
appears to be in part related to the feature described earlier by Williams (1962), 
in studies of Pennsylvanian rocks, as the "Bannock Highland". West of this 
feature the Paleozoic section thickens very rapidly into the Sublett basin. 
Further evidence of the paleostructural validity of this feature, in modified 
form, is described in this report, and the name "Bannock High" is retained. 
Stratigraphic and sedimentological evidence for the antiquity of this area as a 
major shelf margin province during most of Paleozoic time is discussed by Peterson 
(1973, 1977). Evidence for Mesozoic ancestry of the Bear River Range is presented 
by Armstrong and Oriel (1965), and Royse and others (1975). The Permian expression 
of the Bannock high appears to have been the site of a secondary shelf or platform 
about 100 miles (160 km) west of the main Wyoming shelf margin. The presence of 
this secondary platform is especially evident when palinspastic adjustments are 
made to account for eastward tectonic transport of the stratigraphic sections 
used in construction of isopach and facies maps and cross-sections.

The Moxa high (Map K) occupies a portion of the Wyoming shelf margin and 
lies generally along the western side of the Green River basin. Evidence of the 
paleostructural nature of this feature is discussed by Wach (1977), Stearns and 
others (1975), and Thomaidis (1973).



£B jyr v!c£ JL£°.H&.!? lies east of the Moxa high approximately in the 
position of the Laramide Green River basin.

The Rock Springs hig_h lies along the eastern side of the Green River trough 
and coincides closely with the Laramide Rock Springs uplift.

The Washakie low approximately coincides with the Laramide Washakie basin.

River high coincides with the Laramide Wind River Range but is 
displaced slightly northeast of its present-day axis.

The Absaroka-Owl Creek high coincides approximately with the Laramide Absaroka 
Range and Owl Creek Mountains belt.

The Ye Hows tone high trends northwest-southeast across Yellowstone Park and 
projects southeastward along the west and southwest flanks of the Bighorn basin. 
This feature may be related to the Devonian high designated as the Yellowstone 
Park Uplift by Sandberg and Mapel (1967).

The Wind River trough follows the general shape and trend of the Laramide 
Wind River basin.

Bighorn high extends northwest-southeast and occupies generally the area 
covered by the present-day southwest flank of the Bighorn Mountains and the 
northeast flank of the Bighorn Basin. This feature may be the northwestern part 
of a mid-Permian structural trend called the "Horn Fault lineament" by Maughan
(1966). Thinning of Pennsylvanian rocks along this trend is shown by Mallory
(1967) and Tenney (1966).

The Casper high occupies the area of the Casper arch (platform) and falls 
along the Horn Fault lineament of Maughan (1966).

The Sweetwater high coincides closely with the present-day Sweetwater uplift. 
This paleostructure is in the vicinity of one designated by Mallory (1967) as the 
"Pathfinder uplift" of Pennsylvanian age which apparently includes an area 
encompassing that of the present-day Sweetwater uplift (Granite Mountains), the 
Casper arch, and the northern part of the Laramie Range.

The Laramie high follows approximately the present-day trend of the Laramie 
Range. Thinning of Pennsylvanian rocks in this area is shown by Tenney (1966), 
Mallory (1967), and Mallory and others (1972).

The Laramie trough follows generally the trend of the present-day Laramie 
and Hanna basins.

The Front Range high coincides with the north end of the Front Range uplift 
of late Paleozoic age described by several authors, including Mallory (1967), 
Mallory and others (1972), Maughan (1966, 1978), and Tenney (1966).

The Powder River trough extends northwest-southeast across northeastern 
Wyoming about 50 miles northeast of the present-day axis of the Powder River 
Basin. This feature is prominent on thickness maps of Pennsylvanian rocks and 
has been described as the "Lusk embayment" (Bates, 1955; Tenney, 1966).



REGIONAL STRATIGRAPHY AND DEPOSITIONAL SETTING 

Nomenclature

The Phosphoria Formation and equivalent beds of Wyoming and southeastern 
Idaho were deposited in the northern part of the broad ancestral Rocky Mountain 
shelf (Wyoming shelf) and the adjacent Cordilleran Miogeosyncline (Map B). The 
formation was defined by Richards and Mansfield (1912) as a sequence of dark-gray 
to black phosphatic shale, phosphorite, chert, and some carbonate rock, which 
occurs between the underlying Wells Formation and the overlying Triassic Dinwoody 
Formation, exposed at Phosphoria Gulch, north of Montpelier, Idaho. Cheney and 
others (in McKelvey and others, 1959) subsequently separated dolomite and sandstone 
beds of the upper part of the Wells into the Grandeur Member of the Park City 
Formation of Permian age (fig. 1). The Phosphoria was defined primarily on the 
basis of its phosphatic shale and chert content, but later work showed that the 
formation changes facies rapidly eastward and in places along the Wyoming-Idaho 
border is made up primarily of carbonate rock and dark phosphatic shale, with 
minor chert. Carbonate rocks are common in parts of the section across much of 
western and central Wyoming, and sandstone dominates the unit in part of 
southwestern Montana (Shedhorn Formation). McKelvey and others (1959) separated 
these three facies of the Phosphoria and equivalents into three lithologic units, 
a western dark phosphatic shale and chert facies (Phosphoria Formation), a northern 
sandstone facies (Shedhorn Sandstone), and a central carbonatic facies (Park City 
Formation). The Park City Formation had been defined earlier by Boutwell (1907) 
for a thick carbonate rock section of Permian age in the .Wasatch Range east of 
Salt Lake City, Utah. The Park City terminology applies to the broad belt of 
shelf carbonate rocks extending northward through central and western Wyoming, 
but the name has generally not been widely used in Wyoming by industry geologists, 
who commonly assign to the Phosphoria Formation the interval of carbonate rock, 
chert, dark shale, and minor sandstone lying between the Tensleep Sandstone or 
the Wells Formation and the Triassic Dinwoody Formation. To the east the 
Phosphoria or Park City beds grade into the dominantly redbed and evaporite 
section of the Goose Egg Formation (figs. 1, 3).

Nomenclature problems of the Phosphoria and equivalents stem largely from 
the complexly intertonguing nature and varied lithology of the sequence across 
the Wyoming shelf. While the main distinguishing feature is the generally 
phosphatic nature of the unit, intertonguing of carbonate, dark shale, phosphorite, 
sandstone, chert, green shale, redbeds, and anhydrite are prevalent in different 
areas of the Wyoming shelf province (fig. 6). However, the relatively distinctive 
and varied lithology of the Phosphoria serve to separate it rather prominently 
from the more consistent lithology of the underlying Tensleep Sandstone and the 
overlying Dinwoody Formation.

Tectonic Setting

Distribution of Permian facies is strongly influenced by the regional 
paleotectonic-paleogeographic setting of the northern Rocky Mountains (Map B). 
The Phosphoria depositional basin represents the latest Paleozoic expression of 
the Sublett basin of southeastern Idaho, a regional subsiding foreland basin of 
the Cordilleran Miogeosyncline lying between the Antler orogenic belt and the 
Wyoming shelf during most of Paleozoic time. The Wyoming shelf, a segment of the 
ancestral Rocky Mountain shelf province, is used informally to designate the 
broad area of shelf carbonate and clean marine and eolian sand deposition lying 
between the Sublett basin, or Cordilleran Miogeosyncline, on the west and the



ancestral Williston basin and Alliance or Julesberg basin on the east, along the 
border of the Paleozoic Transcontinental arch. The Wyoming shelf is commonly 
depicted as a broad relatively featureless shelf of shallow water marine 
deposition. During much of early and middle Paleozoic time, this may have been 
the case. However, during late Paleozoic time, stratigraphic evidence suggests 
that the Wyoming shelf was characterized by significant relief, related to 
ancestral growth of paleostructural features that may have evolved into the later 
system of Laramide structures. The influence of these ancestral high and low 
areas had a marked effect on depositional processes and the development of porous 
reservoir beds in the shelf area.

The central part of the Phosphoria basin was apparently the site of 
predominantly dark shale and dark cherty shale deposition during Late Permian 
Leonardian and Guadalupian time (McKelvey and others, 1956, 1959). Along the 
eastern and southern margins of the basin, phosphatic deposits accumulated in 
upwelling areas, a result of the prevailing northerly wind direction of the time 
(Sheldon and others, 1967). Most of the basin was not enclosed by marginal land 
areas, rather the boundaries were made up of more slowly subsiding paleostructural 
features that probably had been inherited from older Paleozoic structures. The 
basin was bounded on the north by the Lemhi uplift, on the east by the Wyoming 
shelf margin, on the south by the Permian expression of the Cortez-Uinta axis, 
and on the west by the Antler orogenic belt (Map B).

PHOSPHORIA STRATIGRAPHY AND DEPOSITIONAL SETTING 

Stratigraphic Framework

The Phosphoria and Park City Formations are divided into several lithologic 
members, (some of which are locally called tongues) of relatively wide 
distribution. In general, these are concentrations or lateral extensions of the 
five main Permian facies: dark shale and phosphorite, chert, carbonate, sandstone, 
and redbed-evaporites. Carbonate beds are the most laterally widespread of the 
facies, with tongues extending eastward, some as far as the Williston basin and 
Black Hills of North and South Dakota (Minnekahta, Forelle, Ervay Members). 
These carbonate tongues, particularly the Minnekahta, are excellent key-bed 
correlation units in the Goose Egg (and equivalent) redbed-evaporite facies 
across the Powder River and Williston basins (fig. 3). To the west, however, 
where the carbonate tongues merge with the main carbonate facies, their usefulness 
as correlative marker beds diminishes. The Park City carbonate beds are abundantly 
fossiliferous in many places, but in general, detailed correlations within the 
Phosphoria are difficult across central and western Wyoming and southeastern 
Idaho because of the non-zonal nature of the fossil assemblages and the complex 
facies interrelations. However, detailed outcrop and subsurface studies indicate 
the presence of widespread clastic marker-bed horizons within the main carbonate 
and chert facies across the Wyoming shelf. These markers, some of which coincide 
with lithologic unit boundaries, are associated with southward extending tongues 
of the Shedhorn Sandstone facies and are recognizable in both subsurface and 
outcrop sections (figs. 1, 4, 5, 6, 9, 10, 11, 12). The most useful and widespread 
marker horizons are believed to represent surfaces of increased clastic sediment 
influx, combined with emergence and erosion in topographically high areas, during 
times of regressive, low sea-level. In deeper water areas of depositon the 
marker beds are represented by thick, commonly very argillaceous carbonate or 
evaporite rocks or dark shale and siltstone. On the basis of these marker-beds, 
the Phosphoria and equivalent units are separated into cycles and subcycles. 
Each marker-bed is believed to be approximately contemporaneous and represents a 
single event of depositional history, defined as follows (oldest to youngest):



First Cycle:

P-10 - A disconformity at the base of the Grandeur Member, or the top of the 
Tensleep or Wells Formation.

Second Cycle:

P-30 - A disconformity at the base of the Meade Peak Member.

P-35 - The top of the Meade Peak Member, or base of the lower Franson Member.

P-40 - A disconformity and sandy interval at the top of the lower Franson 
Member, or base of the middle Franson Member.

P-50 - A disconformity and sandy interval marking the base of the upper Franson 
Member, or top of the middle Franson Member.

Third Cycle:

P-70 - A disconformity at the top of the Franson Member, or base of the Retort
Member.

P-75 - The top of the Retort Member, or base of the Tosi Member. 

P-80 - A disconformity marking the base of the Ervay Member.

P-90 - A disconformity at the top of the Ervay Member, or base of the lower 
Dinwoody Formation (the Permian-Triassic unconformity).

Origin and Distribution of Phosphoria Facies

The cyclic nature of Permian deposits in western North America has been discussed 
by several authors, including McKelvey and others (1959), Sheldon (1963), McKee and 
others (1967), Peterson (1969, 1971), Meissner (1970), Boyd and Maughan (1973), and 
Maughan (1975). Permian and late Paleozoic cyclicity is recognized in many parts of 
the world, but expression of the cycles differs in various areas, depending not only 
on local and regional paleotectonic activity, but also on the dominant sedimentary 
facies of the area—clastic, carbonate, evaporite, or combinations of these. 
Causes of late Paleozoic cyclicity are a subject of some controversy, involving 
eustatic, tectonic, and climatic factors (Moore, 1950; Wanless, 1950, 1967; Weller, 
1964; Coogan, 1969; Jacka and others, 1967; Meissner, 1970). Most authors emphasize 
some degree of eustatic sea-level change that may be modified by local and regional 
tectonic movements in the depositional and sediment-source p-rovinces.

Permian deposits in the northern Rocky Mountains comprise a highly variable 
facies complex that falls into three main depositional cycles, the first cycle (P10- 
P30), second cycle (P30-P70), and third cycle (P70-P90). Each cycle is bounded by 
marker beds and contains variable amounts of all of the principal facies (dark 
shale, phosphorite, chert, carbonate rock, sandstone, redbeds, and evaporites), with 
the fullest cyclic development expressed in the upper or third (P70-P90) cycle. 
Each main cycle begins with a widespread phosphatic unit that grades upward into 
cherty beds, with fossiliferous shelf carbonate at the top. Smaller, incomplete 
cycles, or subcycles, are identifiable within each major cycle.



The basal dark shale aud phosphorite unit achieves maximum development in 
the western part of the shelf province. Across most of the shelf area, the dark 
shale and phosphatic unit lies disconformably on the underlying beds and in 
places contains phosphatic sandstone or sandy bioclastic beds at the base. The 
dark shale generally grades upward into chert or cherty carbonate beds, and 
finally to skeletal carbonate beds that show carbonate mound buildup and prograde 
laterally outward from the topographically higher parts of the submergent shelf. 
In most shallow-water areas, e.g., on paleostructural highs, the upper beds of 
the cycle are overlain disconforraably by the basal beds of the next cycle, commonly 
with evidence of erosion and scour.

The three main cycles are believed to be related primarily to transgressive- 
regressive sea-level changes, with the transgressions proceeding farther east 
across the Wyoming shelf with each succeeding cycle. Thus, the various major 
facies of the Third (P70-P90) cycle tend to occur farther east than the equivalent 
facies of the second (P30-P70) cycle, and the facies of the first (P10-P30) cycle 
are less extensive and may not have been deposited completely across the Wyoming 
shelf. The first cycle contains a large percentage of sandstone beds, and is 
underlain disconformably by the thick quartzose sandstone section of the Tensleep, 
Quadrant or Wells Formation. During each of the two succeeding cycles, skeletal 
carbonate becomes increasingly more abundant in the shallow water areas of the 
shelf, culminating in the substantial Ervay carbonate-mound or biohermal 
accumulations that contain the major share of Permian carbonate reservoirs in 
Wyoming.

FIRST (P10-P30) CYCLE (GRANDEUR MEMBER)
The Grandeur Member represents the lowermost major transgressive-regressive 

cycle of Permian sedimentation in the northern Rocky Mountains. Rocks of this 
cycle are dominated by sandy dolomite, sandstone (or quartzite), and chert, with 
minor gray shale and rare phosphorite along the border of the western basin. In 
shallow-water depositional areas of the Wyoming shelf, these beds lie with marked 
unconformity on the Pennsylvanian Tensleep Sandstone surface, in most places 
overlying sandstone or quartizite of probable Desmoinesian age (figs. 3, 4, 5, 
6). The unconformable surface commonly is prominently undulating or channeled, 
and there is a sharp contrast between the relatively evenly bedded Grandeur sandy 
dolomite and carbonatic sandstone and the underlying highly cross bedded Tensleep 
Sandstone. In basinal areas of the shelf, however, this contrast is not as great 
and the contact between the Grandeur and Tensleep may be difficult to locate. 
Because adequate paleontological data are lacking, the magnitude of the hiatus 
represented by the unconformity is difficult to determine, but it may represent a 
substantial part of Late Pennsylvanian and Early Permian time, during which 
halite and gypsum beds in the Wolfcampian and Leonardian upper Minnelusa Formation 
or the lower part of the Opeche Shale were deposited in western Nebraska and 
north-eastern Colorado. The hiatus, in part, also represents non-deposition or 
erosion of Missourian and Virgilian strata, particularly in central Wyoming.

To the west, in southeastern Idaho and westernmost Wyoming, the Grandeur 
becomes gradational with the underlying Wells Formation, although they may be 
differianted in some places by the thicker and more dominant dolomite and chert 
beds in the Grandeur. Phosphatic beds are not prominent in the Grandeur, but 
some thin phosphorite and dark shale occurs in the basal part of the unit in 
northern Utah, and scattered thin phosphorite, phosphatic shale, or sandy beds 
are also present locally in western Wyoming, southeastern Idaho, and northern



Utah (McKelvey and others, 1956, 1959; Cheney, 1957; Sheldon, 1963).

The Grandeur is probably early Leonardian in age (Yochelson, 1968) and 
appears to represent a single major transgressive-regressive cycle. However, 
precise correlations within the unit have not been made, and the abundant 
evidence of erosion and sharp bedding contacts within the unit on the Wyoming shelf, 
suggest the possible presence of minor cycles.

The Grandeur Member represents a transition from the dominantly clean, well- 
sorted sandstone facies of the Tensleep, Quadrant, Wells, or Weber Formation 
upward to the predominantly clean shelf-carbonate facies of the Park City or 
Phosphoria Formation. Increase in carbonate deposition is probably related to 
more widespread marine inundation of the shelf, coupled with a probable decrease 
in supply of quartzose sand from the northern source provenance.

SECOND (P30-P70) CYCLE
The second cycle represents the second major transgressive-regressive sequence 

of Permian sedimentation that includes the Meade Peak Phosphatic Shale and Rex 
Chert Members of the Phosphoria Formation, the Franson carbonate member of the 
Park City Formation, and the Opeche Shale, Minnekahta Limestone, Glendo Shale, 
and Forelle Limestone Members of the Goose Egg Formation (fig. 1). The second 
cycle is further divided on the basis of clastic marker beds into four subcycles.

P30-P35 Subcycle (Meade Peak Member)
The phosphorite and dark shale beds of the Meade Peak Phosphatic Shale 

Member contrast sharply with the sandy carbonate, sandstone, and chert of the 
underlying Grandeur Member. In the basin slope area of southeastern Idaho and 
westernmost Wyoming, the Meade Peak contains a lower and an upper interval of 
thick phosphorite beds. Both phosphorite intervals thin eastward approximately 
along the western margin of the Wyoming shelf. East of the shelf margin area, 
the basal Meade Peak beds are somewhat sandy and oolitic or bioclastic in 
topographically high depositional areas, and they are silty to sandy and less 
phosphatic in basinal low areas of the Wyoming shelf (fig. 3). In the Wind River 
Range and Owl Creek Mountains, and over a broad area south of Yellowstone National 
Park, the basal beds commonly contain a thin phosphatic sandstone. On the outcrop 
in these areas the contact with the underlying Grandeur is consistently sharp and 
undulating, and in places clasts of carbonate or chert and rarely quartzite are 
common in the lower few inches of the Meade Peak beds. In these areas a second 
erosion surface, less prominent than that at the base of the Meade Peak, is 
present in the upper part of the member, suggesting a secondary regression during 
deposition of the Meade Peak sequence (figs. 4, 5). In depositional position, 
the maximum thickness of phosphorite occurs in a more or less arcuate pattern in 
southeastern Idaho at least 80 km (50 mi) basinward (west) of the main shelf 
margin (Map E). From here the net thickness of phosphorite decreases westward 
into the Phosphoria basin as well as eastward toward the shelf. Between the 
upper and lower phosphorite intervals, the Meade Peak consists mainly of dark 
shale, with interbeds of dark fine-grained argillaceous carbonate, chert and some 
phosphorite. Most of the Meade Peak beds are dark brownish gray to brownish 
black and are exceptionally high in organic carbon content. Maximum thickness of 
the member is in southeastern Idaho, approximately coinciding with the area of 
maximum phosphorite content. The unit thins somewhat along the Idaho-Wyoming 
border, but thickens again in the Green River basin. In the central and eastern 
Wind River Range, the Meade Peak beds are thin and somewhat sandy to oolitic, 
grading eastward into green and then red shale and siltstone in the Wind River 
and Bighorn basins.
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The basal Meade Peak disconfnrmlty is interpreted to represent a regional 
regression associated \vith falling sea level which followed the transgressive 
phase of the lower cycle. During this time, the topographically high areas of 
the Wyoming shelf were probably emergent, dry, and swept by northerly winds, 
which covered the exposed Grandeur surface with a veneer of fine-grained eolian 
quartz sand, silt, and clay. Weathering and solution of the emergent carbonate 
and sandstone beds were probably minimal because of the extremely dry climate. 
As maximum regression and lower sea level were attained, the Phosphoria basin to 
the west became restricted in circulation and reached maximum concentration of 
dissolved matter, including phosphate. In the slope area along the shelf margin, 
phosphorite beds formed in an elongate north-south belt where upwelling currents 
were dominant (for further discussion of this process, see McKelvey and others, 
1959; Sheldon, 1963; Brongersma-Sanders, 1948). Maximum phosphorite deposition 
occurred along the western borders of the Bannock high, a feature that may have 
persisted through much of Paleozoic time (figs. 3, Map E).

In southeastern Idaho and westernmost Wyoming, the basal Meade Peak contains 
abundant bioclastic phosphatic brachiopod beds high in P^Oc content (the "fish 
scale" phosphorites). Concentration of probable planktonic phosphatic brachiopod 
debris in this area may be related not only to increased phosphate concentration 
by upwelling of basin waters but also to near-emergence of the basin margin 
during lowered sea level, with accompanying submarine winnowing and reworking of 
accumulating shell and other phosphatic sediment. Increased restriction of the 
basin may also have resulted in periodic extinction of basin edge organic 
communities during times of excessive upwelling or algal bloom. Additional 
reworking of the accumulating shell debris probably formed the basal "fish scale" 
phosphorites during maximum low sea level west of the partially emergent Wyoming 
shelf. Similarly, some phosphatic brachiopod material from the shelf edge could 
have been carried farther into the basin and reworked as sea level lowered. 
Finally as the basin reached maximum restriction at lowest sea level stage, the 
upwelling area then became a toxic zone of mass mortality where fecal material 
and the remains of phosphatic organisms and plankton were concentrated.

Phosphatic deposition along the eastern slope of the basin continued as sea 
level began to rise, but the locus of maximum phosphate deposition shifted eastward 
as rising sea level inundated the Wyoming shelf. At the same time, in southeastern 
Idaho, phosphorite accumulation was replaced by deposition of dark organic-rich 
mud, dark carbonate mud, and siliceous mud in the middle part of the Meade Peak. 
Occasional regressive fluctuations in sea level probably resulted in the temporary 
return of phosphorite deposition to the Bannock high shelf area, accounting for 
the interbedded thin phosphorites in the middle Meade Peak. As transgression 
progressed across the Wyoming shelf, the deposition of organic-rich muds shifted 
eastward and succeeded phosphorite deposition. The dark shale facies extends 
eastward as far as west-central Wyoming where the Meade Peak is dominated by 
sandy and oolitic phosphatic beds deposited in shallow water areas. Following 
deposition of the major part of the Meade Peak in western Wyoming and southeastern 
Idaho, a secondary regression and fall of sea level occurred and parts of the 
shelf were temporarily exposed. During this regression and the early phases of 
the subsequent transgression, the upper phosphorite beds of the Meade Peak were 
deposited. Meanwhile, the Phosphoria depositional basin remained relatively 
restricted, and unusually high concentrations of organic carbon were deposited.
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The upper Meade Peak transgression was apparently relatively rapid, and the 
entire Wyoming shelf area was quickly inundated. At this time the Phosphoria 
basin became less restricted, open circulation was partly restored, and the basin 
water chemistry became more nearly normal marine. Phosphorite deposition again 
shifted eastward on to the shelf area and was followed by deposition of dark mud 
and dark siliceous mud and finally by skeletal shelf carbonate beds as sea level 
continued to rise and basin-to-shelf circulation patterns were restored. These 
events resulted in the gradational upper contact between the Meade Peak and the 
overlying carbonate or chert beds of the Franson or Rex Members, with the 
sedimentary facies grading both upward and laterally from shale to shaly chert to 
shelf carbonate rocks of the lower Franson (figs. 3, 4, 5).

P35-P40 Subcycle (Lower Franson Member)
The Franson Member is divisible into lower, middle, and upper marker-defined 

units, identifable in the subsurface as well as in outcrop sections (figs. 1, 6). 
The Franson facies is present across most of central and western Wyoming and 
extends northward into southwestern Montana. A short distance west of the Idaho- 
Wyoming border, the carbonate rocks of this member grade rapidly into and 
intertongue with the bedded chert facies of the Rex Chert Member in southeastern 
Idaho and in extreme southwestern Montana (figs. 3 and 4; Maps C, D). Carbonate 
bioherins occur within the cherty facies west of the main transition from carbonate 
to chert (Brittenham, 1976).

The maximum thickness of the Franson Member occurs as a northward trending 
carbonate belt near the southern Wyoming-Idaho border. These beds are composed 
largely of crinoid, bryozoan, and brachiopid debris and are extensively 
dolomitized, particularly in the central and eastern parts of the belt (fig. 3; 
Maps C, D). Much of the dolomite facies is porous, with as much as 20 to 30 ft 
(6 to 9 m) of beds of greater than 10 percent porosity.

The lower part of the Franson is generally more cherty than the upper part 
which contains much more abundant skeletal crinoid and bryozoan debris. Thin 
tongues of the lower Rex Chert Member extend eastward in the lower Franson. 
Skeletal carbonates are prevalent in the northwestern Wind River Range and adjacent 
area, but except for the upper part, the unit grades into argillaceous carbonate 
rocks and green carbonatic shale in the remainder of central and north central 
Wyoming. The carbonate rock content increases in percentage along the northeast 
flanks of the Wind River Range and the Owl Creek Mountains and in general around 
the borders of the Bighorn, Wind River, and Green River basins (figs. 9, 10, 11). 
Subsurface sequences in the central part of these basins generally are made up of 
dark argillaceous limestone and dark shale beds. The Franson grades into 
predominantly redbeds and anhydrite or gypsum beds of the Goose Egg Formation 
along a north-south belt through central Wyoming. Tongues of carbonate rock, the' 
Minnekahta and Forelle Members, extend eastward within the redbed-evaporite 
facies as far as eastern Wyoming and the Dakotas.

The main shelf carbonate buildup in the lower Franson is concentrated 
approximately along the shelf margin, although some shelf carbonate beds are also 
present farther east, higher on the shelf (figs. 3, 4, 5, 6, 7). Carbonate 
deposition also spread far to the east to deposit the Minnekahta Member in eastern 
Wyoming and the Dakotas. Initial growth of skeletal bioherms or carbonate mounds 
on the Bannock high may also have occurred during the maximum sea-level rise of 
this subcycle.
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The close of lower Franson deposition is marked by a minor regression as 
evidenced by the presence of a thin, relatively widespread sandy unit (P-4Q 
marker) that is phosphatic in places, especially to the west along the shelf 
edge. Evidence of minor erosion in the basal part of the clastic unit is found 
in the commonly undulatory and sharp contact between this unit and the underlying 
rock. During this erosion period, the higher parts of the shelf apparently were 
briefly emergent, and northerly-derived eolian sand spread across the emergent 
surface, to be rev?orked by the advancing strand line of the succeeding subcycle. 
Some phosphorite, although minor in thickness, was deposited at this time along 
the western margin of the shelf, and probably the halite and gypsum beds of the 
lover Spcarfish Formation were deposited in eastern Wyoming and western Nebraska.

P40-F50 Subcycle (Middle Franson Member)
The sequence of deposits in the middle Franson approximately repeats the 

sequence in the lower Franson except: (1) carbonate bioherms or mound buildups 
are prominent along the western borders of the Bannock high, and (2) in general 
there is considerably less bedded chert in the shelf facies of this subcycle.

The carbonate bioherms in southeastern Idaho have been studied in some 
detail by Brittenham (1973, 1976). These skeletal buildups are unusual in several 
respects: (1) their thickness (up to 200 ft or 60 m), (2) their direct association 
with the bedded Rex Chert Member facies (in some cases the thick chert sequence 
changes facies to fossiliferous carbonate beds in a distance of only a few hundred 
yards or meters), (3) their isolated occurrence in southeastern Idaho, along the 
western margin of the Bannock high, and (4) their general coincidence with the 
maximum thickness and maximum phosphorite content of the underlying Meade Peak 
(fig. 4; Maps C, E) .

The bioherms consist mainly of a great abundance of crinoid, brachiopod, and 
bryozoan debris and seem obviously to have formed in shallow water, suggesting by 
their close association with the bedded Rex Chert Member facies that the chert 
also must have formed in relatively shallow water. The reasons for their isolated 
and seemingly anomalous occurrence have been discussed by others (Yochelson, 
1968; Brittenham, 1973, 1976). Yochelson suggests that they are fossil banks 
that co-existed during chert deposition and were localized on a firmer and slightly 
shallower part of the sea bottom. Brittenham suggests that they formed along a 
shelf margin basinward of the main Franson carbonate facies. A consideration of 
the paleogeography of the Phosphoria depositional basin suggests a genetic 
relationship between the carbonate bodies and their areal coincidence with maximum 
phosphorite and maximum shale (Mead Peak) development. Palinspastic maps (Maps 
C, E) indicate that the biohermal as well as the phosphatic maxima occur along 
the western boundary of the Bannock high, suggesting that the western margin of 
this paleostructural feature formed a hingeline break in slope between the main 
basin and the outer shelf margin and provided the requisite conditions for 
localization of these facies along a major belt of upwelling at succeeding stages 
of the depositional cycle. Maximum phosphate formed here because of upwelling 
conditions at the slope break during a phase of lower sea level, higher phosphate 
concentration, and restricted circulation which was succeeded by organic carbonate 
and chert deposition when more normal seawater circulation systems were restored 
in the basin during the rising sea-level stages.

It is of interest to note that the maximum thickness of Rex Chert Member 
also occurs at approximately the same geographic position as the bioherms and the 
belt of maximum phosphate deposition (Maps D, F). Upwelling along the shelf edge
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may have stimulated the growth of siliceous sponge communities and thereby 
established the main belt of chert deposition. Offshore upwelling here may also 
have aided the growth of siliceous microorganisms which could have contributed 
significantly to accumulation of the chert.

Middle Franson deposition closed with a second marine regression and partial 
emergence of the Wyoming shelf during which a clastic unit similar to that 
overlying the previous subcycle was deposited. Part of the halite and gypsum 
beds of the Spearfish Formation were deposited in eastern Wyoming and western 
Nebraska during this regression which appears to have been of somewhat shorter 
duration than the previous one, with less of the shelf emergent (fig. 7). The 
overlying clastic marker unit is somewhat phosphatic in places and contains minor 
thin phosphorite layers and some pebbly layers derived from the underlying 
carbonate and chert beds.

P50-P70 Subcycle (Upper Franson Member)
The upper Franson represents the final transgressive stage of the second 

major cycle, with skeletal shelf carbonate mounds widespread in the shallow water 
areas of the Wyoming shelf. The carbonate buildups are larger than those of 
previous subcycles, and during this time the main bioherm building in southeastern 
Idaho probably occurred as basin and shelf circulation reached a maximum, and 
relatively normal marine conditions were approached.

Upper Franson carbonate beds are commonly dolomitized and contain most of 
the better porosity of the Franson Member. The porous dolomite facies is best 
developed in four areas: (1) along the east side of the shelf margin carbonate 
facies belt in the vicinity of the Idaho-Wyoming border, (2) along the north or 
northeast side of the Wind River Range, (3) along the north side of the Owl Creek 
Mountains, and (4) along the east side of the Bighorn basin. Each of these 
trends is believed to be the site of ancestral structural highs on the Wyoming 
shelf where the carbonate mounds reached maximum growth and were probably exposed 
and dolomitized at the close of each cycle. The isolated bioherms in southeastern 
Idaho, described by Brittenham (1976), however, are composed entirely of 
fossiliferous limestone rather than dolomite and consequently, although oil- 
stained, lack significant porosity. The absence of evidence for significant 
erosion at the top of these bioherms indicates that they probably remained 
submergent at the lowest sea-level stage of the cycle and thus escaped 
dolomitization.

In the deep subsurface of the Green River and Wind River basins, Franson 
beds are predominantly dark argillaceous carbonate rock and shale, with a single 
anhydrite bed at the top of the interval. In the Bighorn basin, the Franson 
sequence is dominated by redbeds, evaporites, and dolomite in the central part of 
the basin, grading westward to gray shale, limestone or dolomite, and sandstone. 
The character of the basin facies indicates that the ancestral basin areas of the 
shelf, as well as the main Phosphoria basin, including the biohermal belt, were 
not emergent during the lowest sea-level stage of the cycle.

Completely normal marine conditions probably were never achieved in the 
Phosphoria sea, as judged, not only from the character of lithofacies, but also 
from the paucity of normal marine Permian faunas. The upper Franson shelf 
carbonates beds, as well as those of the succeeding Ervay limestone Member of the 
overlying major cycle, are characterized by accumulations of crinoids, bryozoans, 
spiriferid and productid brachiopods, phosphatic brachiopods, mollusks, and some
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phylloid algae. Important elements of the Permian biota, which occur in carbonate 
facies in other parts of the Cordilleran ruiogeosyncline (fusulinids, small 
foraminifera, corals, trilobites) are either absent or very rare in the Franson 
and Ervay carbonate facies. The reasons for this have been considered by Yochelson 
(1968) who suggests that low water temperature may have been the major cause. 
Several factors of Permian paleogeography and facies distribution offer further 
possibilities. For example, the Phosphoria sea was located near the predicted 
Permian equatorial belt, the climate was very dry, temperature and evaporation 
rates very high, wind direction was apparently generally from the north or 
northeast across the shelf area, a phosphatic-rich foreland basin lay to the 
vest, and a major evaporite area to the east. These conditions should have 
resulted in the wind-transfer of surface waters across the shelf from the eastern 
evaporite basins. Intermixing of saline waters from the east should have resulted 
in higher than normal salinity at times. Dry climate and high evaporation rates 
would tend to further increase the salinity on the shelf area, with a consequent 
adverse effect on marine biota.

The effect of temperature on biotic assemblages may have been of major 
importance, and cooler waters brought onto the shelf by upwelling must have 
occurred at times, especially during high sea-level stages. This may explain the 
absence of corals, small foraminifera, and fusulinids in the more fossiliferous 
shelf carbonate beds. However, the presence of numerous coral specimens, some 
foraminifera, and abundant spiriferid brachiopods in the biohermal facies in 
southeastern Idaho (Brittenham, 1973, 1976) suggests a normal warm-water 
environment in that area, where maximum upwelling in the Phosphoria sea must have 
occurred. Upwelling onto the main expanse of the Wyoming shelf should have been 
less effective than along the main break in slope of the western shelf margin, 
thus decreasing the possibility of cool-water invasion of the shelf as an 
environmental factor. The near-equatorial position and the shallowness of the 
water on the shelf as well as the intermixing of abnormally warm waters from the 
eastern evaporite area should have increased water temperatures on the shelf. 
These interpretations suggest that high, rather than low water temperatures, 
coupled with probable higher salinity, may at times have been factors influencing 
the nature of life assemblages on the Wyoming shelf.

A major part of the Franson carbonate facies, including the bioherms in 
southeastern Idaho, were deposited during the upper part of the cycle. The cycle, 
closed with a major regression, general emergence of the shelf area, deposition 
of halite and gypsum in the lower Spearfish Formation of eastern Wyoming and 
western Nebraska, and increased restriction and phosphate concentration in the 
basin to the west. The succeeding cycle was in general a repetition of the 
Franson deposition except for an overall increase in quartz sand content and a 
general eastward or northeastward shift of the dark shale, chert and shelf 
carbonate facies across the Wyoming shelf.

THIRD (P70-P90) CYCLE
The third major cycle of Permian sedimentation contains essentially the same 

facies as those of the Franson, but with differences in geographic position, 
thickness and volume, and in some cases lateral extent of the various facies. 
This cycle includes the Retort Phosphatic Shale, Tosi Chert, and Ervay Carbonate 
Rock Members of western and central Wyoming, the upper cherty shale member of 
southeastern Idaho, and the Ervay Carbonate Rock and Difficulty Shale Members of 
eastern Wyoming (fig. 1).
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P70-P75 Subcycle (Retort Member).
The Retort Member is grossly similar to that of the Meade Peak except that 

the locus of phosphorite deposition is shifted farther north and northeast to 
fall iLore or less along the Wyoming shelf border, and extending northward into 
southwestern Montana. The basal beds also contain much more quartz sand than 
those of the Meade Peak, especially in northwestern Wyoming and adjacent areas of 
Idaho (figs. 5, 6). An increasing influx of quartzose sand from the northern 
Shedhorn facies characterizes most of the sediments deposited during the upper 
cycle. The regression which closed Franson deposition probably resulted in the 
accumulation of a substantial amount of windblown quartz sand across much of the 
northern part of the emergent portion of the Wyoming shelf. The advancing Retort 
seaway then reworked most of the wind-deposited elastics into an extensive basal 
deposit of longshore marine sand that can be traced from southwestern Montana to 
vest-central Wyoming. Considerable phosphorite deposition also occurred during 
the early phases of this advancing seaway. Phosphatic sandstone as much as 6-9 m 
(20-30 ft) thick makes up the basal beds of the Retort in northwestern Wyoming 
and adjacent Idaho (fig. 5; Maps I, J). The basal sandstone represents an 
increased supply of quartzose sand in the Shedhorn facies to the north, which was 
probably derived from the Canadian Shield or Alberta shelf (Milk River uplift of 
Maughan, 1966; and Sheldon, and others, 1967). The basal sandstone commonly 
contains phosphatic brachiopod shell material, in places quite abundant. The 
unit grades upward into oolitic, pelletal, and sandy phosphorite that extends 
across at least the western half of the Wyoming shelf. The phosphorite beds in 
turn grade upward to dark-gray to brownish-black shale which in some places 
contains thin beds of phosphorite in its middle and upper part. The upper 
phosphorite sequence at most localities grades into overlying dark shale that is 
overlain by interbedded dark shale and chert, or shaly chert and thin-bedded 
chert (the main body of the Tosi Chert Member). Farther eastward, chert beds 
grade both laterally and upward into fossiliferous shelf carbonate rocks that are 
part of the Ervay Carbonate Rock Member. Along the western shelf margin a similar 
lateral gradation from basinal dark shale to shaly chert, bedded chert, and, 
finally, to carbonate rock can also be demonstrated (figs. 4, 5, 7).

The occurrence of phosphorite beds in the upper part of the Retort Member 
probably represents a temporary regression at the close of the subcycle and the 
initial deposition of the overlying subcycle. These relationships are very 
similar to those previously described for the Meade Peak-lower Franson units. 
Thus, the Retort facies is the result of two transgressive-regressive subcycles 
developed during the early rising sea-level phase of the major cycle.

Maximum occurrence of phosphorite in the Retort is in southwestern Montana, 
and the belt of high phosphorite extends southeastwardly into western Wyoming 
approximately through the Jackson area. This phosphorite trend occurs near the 
western margin of the Wyoming shelf, in contrast with that of maximum Meade Peak 
phosphorite which, in palinspastic depositional position, is about 165 km (100 
mi) farther southwest, along the margin of the Bannock high in Idaho (Map E). 
The northeastward shift of phosphorite occurrence in the Retort appears to be 
related to at least two factors: (1) a greater overall rise of sea level and 
possible westward tilting of the shelf margin, resulting in greater eastward 
transgression during the Retort-Tosi transgression; the resultant locus of maximum 
upwelling shifted eastward from the margin of the Bannock high in southeastern 
Idaho onto the Wyoming shelf where two areas of phosphorite deposition occurred, 
one approximately along the shelf margin and the other along the Wind River high,
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and (2) probable erosion of much of the Retort facies from the general area of 
the shelf margin during the regressive lower sea-level event following deposition 
of the Phosphoria cycles and prior to deposition of the basal Dinwoody beds. The 
relative importance of these two factors in explaining the present-day patterns 
of Retort phosphatic facies distribution is difficult to assess because almost 
all post-Franson Permian beds have been removed along the Wyoming shelf margin 
(Maps G, I).

P75-P80 Subcycle (Tosi Member).
Tosi deposition began with renewed transgression following the upper 

regressive phase of the Retort Member. With rising sea level and restoration of 
basin-to-shelf circulation patterns, the depositional facies rapidly changed 
upward to dominantly shaly chert and bedded chert. Laterally, the facies of this 
subcycle change from dark shale and cherty shale in the west (on the outer shelf 
and basin slope) to interbedded shaly chert and chert on the shelf to the east in 
west-central Wyoming (figs. 4, 5). The chert facies of the shelf grades into 
skeletal shelf-carbonate rock on depositionally high areas of the shelf. East of 
the skeletal carbonate province, the carbonate facies grades into and intertongues 
with the eastern redbed-anhydrite facies (figs. 3, 9, 12; Map H).

Organic and oolitic-pelletal carbonate mound deposits in the Tosi-equivalent 
beds are concentrated along a belt extending from the eastern Bighorn basin 
southward to the Rock Springs uplift, with northwestward extension along the Wind 
River high and the Absaroka-Owl Creek high. These carbonate beds are largely 
composed of crinoid, bryozoan, brachiopod, and phylloid algae material that 
grades eastward to carbonate mound deposits composed largely of oolitic pellets 
and phylloid algae. At many places the carbonate rocks are somewhat cherty and 
thin- to medium-bedded. Eastward, the carbonate mound facies commonly grades to 
fine-grained laminated stromatolitic and mudcracked tidal flat carbonate rocks 
interbedded with redbeds and anhydrite. The chert facies is widespread, but 
carbonate deposition predominated wherever the biotic communities of the shelf 
were able to flourish in areas of shallow, clear water, generally along the trend 
of paleostructural highs.

The predominance of chert in this subcycle may be related to the shelf water 
chemistry during the early stages of the main cycle. The high organic carbon 
content of the Retort-Tosi facies may have resulted in bottom waters of higher 
acidity which enhanced concentration and precipitation of silica. Likewise, the 
higher concentration of silica may have provided a favorable environment in which 
sponges and other siliceous skeletal communities flourished on the seaward borders 
of the Shedhorn sand facies and within deeper parts of the shelf. Similar reasons 
seem to explain the chert distribution in the lower Franson and Rex Chert beds in 
southeastern Idaho and westernmost Wyoming, where the main chert facies occupies 
the basin slope or Bannock high area.

The precise upper boundary of the Tosi subcycle is somewhat difficult to 
determine. However, a thin clastic, often phosphatic, unit with sharp and often 
undulating lower contact (the P-80 marker horizon) is present in most outcrop 
sections and can be correlated through the subsurface across most of the shelf. 
This unit is believed to represent a brief regression and partial exposure of the 
shelf prior to the final maximum rising sea-level phase of the third cycle.

P80-P90 Subcycle.
The P80-P90 subcycle represents the maximum transgressive phase and the main 

Ervay carbonate deposition of the third cycle and shows many characteristics
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similar to those of the upper Franson, with respect to the nature of the carbonate 
buildup. However, there are at least three major differences in facies 
distribution between the upper Franson and the upper Ervay units: (1) Ervay 
Carbonate Rock Meraber beds are absent in most of the belt of maximum Franson 
carbonate buildup in westernmost Wyoming, southeastern Idaho, and southwestern 
Montana, (2) the maximum development of the Ervay carbonate facies occurs much 
farther east on the Wyoming shelf, and (3) the Shedhorn Sandstone facies occurs 
farther south and dominates a large part of the shelf extending from southwestern 
Montana into northwestern Wyoming south of Yellowstone National Park. Eastward 
shift of the shelf carbonate facies is related in part to the extent of sea- 
level rise, shifting the optimum environment for shallow water organic production 
farther eastward than for the upper Franson. In northwestern Wyoming, the 
western extent of the Ervay is lircited by the presence of the southward extending 
Shedhorn Sandstone facies which dominated the depositional environments there 
and precluded the growth of biotic communities necessary to produce the carbonate 
buildups. The prominent influx of Shedhorn sand from the north may be related 
to two factors; (1) an increase of ,quartz-sand supply in the source area, or 
(2) the northward transgression of the Ervay shoreline to rework and redistribute 
the major supply of sand that may have accumulated in central and western Montana 
during the emergence of that area in Late Pennsylvanian and Early Permian time. 
In either case, an increased supply of sand was transported southward and 
southeastward by longshore current and x^ave systems of the Ervay seaway. This 
condition is similar to that observed at the close of upper Franson deposition 
when a significantly increased supply of sand moved from the north to intertongue 
with carbonate sediments of the upper Franson.

The upper Ervay carbonate buildups contain abundant bryozoan, crinoid, and 
brachiopod remains and, in some cases, a significant percentage of phylloid 
algal remains. Oolitic and pelletal carbonate beds are also prominent in 
places, particularly along the eastern and southern borders of the Bighorn basin 
(figs. 3, 4, 9, 10, 11, 11, 12; Map H). The upper Ervay carbonate facies prograded 
significantly westward during the maximum transgressive stage of the cycle. 
These beds grade into the upper part of the Tosi Chert Member facies or into the 
Shedhorn Sandstone facies along a line approximately coincident with the eastern 
border of Yellowstone National Park and extending southward across western 
Wyoming, just east of the overthrust belt. The sand facies prograded southward 
across the Yellowstone high during this time and grades into either the carbonate 
facies (Ervay) or the Chert facies (upper Tosi) a short distance south and 
southeast of the Park.

The third cycle closed with widespread emergence of the Wyoming shelf, and 
probably most of the area of the Rocky Mountain shelf. The boundary between the 
Dinwoody Formation and the underlying Permian strata is generally sharp and 
seems to be disconformable., although evidence is lacking for considerable erosion 
of the underlying rocks during this time. The contact apparently marks the 
Permian-Triassic boundary, although determination of the ages of these rocks has 
been hampered by the lack of diagnostic fossils, particularly in the lower 
Dinwoody beds (Newell and Kummel, 1941; Yochelson, 1968; Boyd and Maughan, 
1973).

LOWER DINWOODY FORMATION

The lower Dinwoody sequence shows a gross similarity to the main depositional 
cycles of the Phosphoria-Park City facies, although in detail there are many 
differences. In the basin area of southeastern Idaho, the Dinwoody is composed
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of gray to green-gray shale and gray, nhaJey, silty, fine-grained carbonate 
rocks. Eastward, carbonate rocks become more dominant, reaching a maximum 
approximately in the vicinity of the Wyoming shelf margin. Predominantly 
gray, argillaceous or silty fine-grained limestone makes up much of the Dinwoody 
along the shelf margin, grading eastward to dominantly green shale, siltstone, 
and Interbedded silty limestone (fig. 7). The entire unit grades farther east 
into redbeds and some gypsum or anhydrite in central and eastern Wyoming. 
Thus, most of the basin-to-shelf facies relations observed in the Permian 
cycles also occur in the Dinwoody, and the regional depositional geometry and 
paleogeography appear to have changed little at the beginning of the Triassic. 
In this sense, the Dinvoody depositional environments demonstrate a repetition 
or continuation of those characteristic of the Permian. However, there are 
many differences in details, some of which are listed as follows:

1* Evidence of basal Dinwoody unconformity; Considerably greater evidence 
for unconformity can be shown for the contact between the Dinwoody 
and the underlying Phosphoria-Park City-Shedhorn beds. Part of this 
analysis is related to the following statements and will be further 
discussed later.

2. Marked decrease in phosphate content: Some minor basal Dinwoody
phosphatic units are found in westernmost Wyoming and southeastern 
Idaho, but as discussed below, these beds in large part may be the 
result of reworking of Retort phosphatic shale'beds.

3. Marked decrease in organic carbon content: The Dinwoody gray shale 
facies is markedly lower in organic carbon content than that of the 
Permian.

4. Total absence of chert; Chert or cherty carbonate rock, prevalent in 
the Phosphoria Formation, is not present in the Dinwoody Formation, 
although carbonate beds are commonly silty and often appear to be 
siliceous.

5. Marked change in carbonate lithology: The Dinwoody carbonates are
very fine-grained, not abundantly fossiliferous, and show little or 
no evidence of mound or biohermal buildup.

6. Marked change in fossil content; The Dinwoody carbonate beds contain 
very few fossil groups, mainly linguloid brachiopods, a few species 
of clams, and some ammonoids. These very limited faunal assemblages 
contrast sharply with the Permian shelf carbonate faunas, which 
contain abundant broyzoans, crinoids, brachiopods, mollusks, and 
several other kinds of fossil remains.

7. The redbed-evaporite facies: This facies extends farther west across 
the Wyoming shelf than similar Permian rocks and occurs farther west 
progressively upward in the Dinwoody section, until above the Dinwoody 
all of the Wyoming shelf and adjacent area is covered by redbeds.

8. Decrease in quartz sand (vs. silt) content: Some sandstone units are 
found in the Dinwoody, but the amount of quartz sand is significantly 
less than in the underlying Permian Shedhorn Sandstone.
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All of these factors are closely related to the analysis of the Permian- 
Triassic boundary problem but explanations are difficult to document 
conclusively. However, a consideration of the nature of basin-to-shelf facies 
and their interrelations, along with regional aspects of Permian and Triassic 
stratigraphy, paleogeography, climate, and biotic evolution, provide a 
reasonably adequate basis for analysis. In overview, most of the lithologic 
changes observed in the Dinwoody beds can be attributed to biotic changes in 
the composition of the sediments. The marked absence in the Dinwoody of the 
abundant skeletal carbonate rocks characteristic of the Permian Franson and 
Ervay beds is most striking. These contrasts must be related to the extinction 
or marked decrease of most skeletal-producing and mound-building organisms, 
such as crinoids, bryozoans, brachiopods and other marine invertebrates, that 
occurred during the closing stages of Permian time. Without such assemblages 
present in the shelf-margin facies, coarse-grained carbonate mounds could not 
have built up. Absence of chert also may be related to associated decimation 
of siliceous sponge assemblages at the close of the Paleozoic. Likewise, 
extinction of upper Paleozoic marine planktonic assemblages may explain the 
sparsity of black, organic-rich shale in the Triassic, in contrast to the 
Permian and older Paleozoic beds. These upper Paleozoic events of biotic 
change had a profound effect on the nature of Triassic shelf facies, despite 
the fact that the basic paleogeography and physical sedimentary environment 
patterns of the shelf and basin provinces were relatively unchanged.

DOLOMITIZATION

Dolomite is common in much of the Permian carbonate facies in the northern 
Rocky Mountains, particularly in the carbonate beds within and adjacent to the 
redbed-evaporite facies. Much of the carbonate mound facies is also heavily 
dolomitized in west-central and western Wyoming. In all cases, dolomitization 
and reservoir development in the mound facies are most pronounced on the 
eastern or northeastern side of the facies belts (figs. 3, A, 7, 10, 11, 12; 
Maps C, D, H). Distribution patterns of the mound facies, as well as the 
associated dolomite and porosity patterns, coupled with the paleogeographic 
and paleostructural system prevalent on the Wyoming shelf, suggests that 
dolomitization by seepage-reflux (Adams and Rhodes, 1960), was the prevalent 
mechanism for dolomitization and associated development of porosity. The 
paleostructural, paleogeographic, and facies relations on the shelf are 
compatible with a system of seepage-reflux of high-magnesium waters westward 
through the mound facies during low sea-level evaporitic stages at the close 
of each cycle. The presence of anhydrite beds at these stratigraphic positions 
in some outcrops and in wells drilled in the southern Green River Basin, the 
eastern half of the Wind River and Bighorn basins, and throughout all of the 
Powder River Basin provide evidence for the presence of large areas of 
hypersaline water near the end of each cycle. Dolomitization of the shallow 
water mound facies is most complete along a belt extending from the Rock 
Springs uplift in south-central Wyoming northward across the southeastern 
border of the Wind River basin and the east side of the Bighorn basin (Maps D, 
H). Dolomitization is prevalent here because of the proximity of the belt of 
skeletal carbonate mounds to the eastern evaporite facies. Also, these 
carbonate beds were probably the first to be exposed and subjected to seepage- 
reflux effects as sea level lowered and the shelf gradually became drained of 
normal sea water, subjecting the area to reflux dolomitization processes for a 
longer period of time than the sediments farther west. Likewise, during the 
subsequent transgression these mounds were the last to be submerged as sea
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level gradually rest- across (.he shelf area. Thus, more time was available for 
the seepage-ttflux process to more completely dolomitize the eastern mound 
facies. Dnlornitization is less complete on the southwestern flank of the Bighorn 
basin and is relatively minor on the west and north sides of the basin (fig. 9; 
Maps D, H). On the north side of the basin, an efficient reflux system probably 
did not develop because the northern shelf was closely adjacent to the land 
area to the north. On the west side of the Bighorn basin, reflux may have been 
inhibited by several factors, including greater distance from the source of high- 
magnesium evaporitic waters, greater distance from a deeper water trough to the 
west, and a possible barrier effect of the fine-grained, calcareous Shedhorn 
Sandstone facies immediately to the west of the Ervay carbonate facies. On the 
southwest flank of the basin, the northeastern part of the mound belt along the 
Absaroka-Ovl Creek high was rather thoroughly dolomitized (figs. 3, 10; Maps D, 
H). Seepage-reflux here would have been toward the southwest from the low, 
evaporitic area of the Bighorn trough through the carbonate mound belt and into 
the subsiding Wind River trough. The pattern of dolomitization along the 
southwestern flank of the Wind River basin is somewhat similar to that in the 
Bighorn basin, with more complete dolomitization in the eastern part of the mound 
belt. The seepage-reflux system here probably was directed across the carbonate 
mound belt toward the southwest into the ancestral Green River trough (figs. 3, 
7; Maps D, H). Reflux in the mound belt along the Rock Springs uplift was directed 
westward from the eastern evaporitic area into the Green River trough (fig. 12; 
Maps C, H). The carbonate buildup along the margin of the Wyoming shelf (on the 
west side of the Green River basin) was not completely dolomitized, although 
because of its size a large volume of dolomite is present there. Reflux 
circulation in this area was probably westward from the Green River trough through 
the mound facies and into the marine Phosphoria basin to the west (figs. 3, 7; 
Maps C, G, H). The reflux circulation process may have been very effective here, 
despite the large size of the Franson carbonate buildup, because of the probable 
steeper westward slope off the mound belt into the open basin to the west.

In summary, the main dolomitization and reservoir patterns are believed to 
be associated with several seepage-reflux systems, generated during low sea-level 
regressive stages of the Permian cycles, directly related to the position of 
paleostructural high and low features of the shelf, which also had determined the 
depositional position of the carbonate mound facies. Dolomitization did not take 
place, or was greatly limited, in subsiding ancestral basin areas of the shelf, 
partly because very fine-grained or argillaceous low-porosity carbonate beds and 
clastic muds were deposited in the low areas, and also because a sufficient 
seepage-reflux head could not be established in the bottoms of the ancestral 
basins. Furthermore, these beds probably remained submergent and were covered 
with impermeable muds or gypsum during the low-water evaporative stages of the 
cycles and subcycles.

1 STRATIGRAPHIC EVIDENCE FOR PERMIAN PALEOSTRUCTURAL GROWTH

Evidence of paleostructural growth correlated with Permian thickness and 
facies distribution patterns is found not only within the Permian section, but 
also in the stratigraphic sections below and above. Maps K and L are isopach 
maps of the interval between the P-30 Permian marker (base of the Meade Peak 
Shale Member) and the top of the Mississippian Madison Limestone. Several 
thickness trends on this map coincide generally with trends of Permian facies
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1. The north-south belt of thinning (Moxa high) in the overthrust belt 
which coincides generally with the overlying Franson carbonate bank
facies.

2. Northwest-southeast thinning trends in the vicinity of the Wind River
Range and Bighorn Mountains where Permian mound belts are mapped. Both 
thinning belts are parallel with but slightly offset from the axes of 
the Laramide mountain ranges. A thinning area occurs in the vicinity 
of the Absaroka Range and continues eastward from there as a general 
flattening of isopach gradient along the Owl Creek Mountains.

3. Areas of thinning occur along the Rock Springs uplift, the Sierra Madre
and Medicine Bow uplifts (Front Range high), and approximately coincident 
with the Laratnie Range.

4. Thickening of the interval is observed in the area of the Green River, 
Washakie, Wind River, Laramie-Hanna, and the Powder River basins. The 
paleo-axes of all these thickening belts are offset to some degree from 
the present day axes of the basins, and similarly the axes of paleo- 
high areas are offset slightly from the present day axes.

Within the Permian sequence, evidence of paleostructural growth is found in 
the distribution of shallow and deeper water carbonate and clastic facies, as 
well as evaporite and phosphorite facies, as judged by interpretations of 
depositional environments for specific facies. Shallow-water carbonate-mound 
belts and dolomitized carbonate belts, as well as quartzose sandstone tongues, 
occur along paleostructural highs. Evidence of erosion such as conglomerate beds 
and undulating scour surfaces likewise are more prevalent in these areas. Wells 
drilled in the deeper parts of the Green River and Wind River basins have 
encountered argillaceous (rather than mound) carbonates, mostly limestone rather 
than dolomite, and a high percentage of dark shale beds, along with anhydrite 
beds that in some cases occur at the stratigraphic position of conglomeratic beds 
or erosion surfaces in outcrop areas. Phosphorite beds are more prevalent on the 
western sides of paleostructural high features, e.g., the Bannock high, the 
Wyoming shelf margin, and the ancestral Wind River high (figs. 3, 11), in keeping 
with the principle of upwelling origin on the downwind seaward side of shallow 
water shelf or platform areas. The cross-section of figure 3 is constructed on a 
hypothetical Permian sea-level datum in order to best illustrate the distribution 
of shelf sedimentary environments, all of which are related to water depth. The 
effects of using other datum surfaces, and some possible misconceptions involved, 
are shown schematically on figure 8.

Evidence for continued paleostructural growth during the Mesozoic is found 
in the thickness patterns of Maps M and N, which in general follow the trends of 
Laramide ranges and basins.

SUMMARY OF DEPOSITIONAL HISTORY

Origin and distribution of the Phosphoria-Park City-Shedhorn sedimentary 
facies of the northern Rocky Mountains region is the result of marine deposition 
of transgressive-regressive cyclic sequences of complexly intertongued chemical 
and clastic sediments across the northern Rocky Mountain or Wyoming shelf. 
Cyclic deposition is believed to result primarily from eustatic rise and fall of 
sea level. Evidence indicates that much of the facies distribution, especially
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of carbonates, is associated with paleostructural features of the shelf that 
represent late Paleozoic growth of high and low areas that may have been ancestral 
to Laramide structural features in Wyoming and southeastern Idaho. Skeletal and 
oolitic carbonate mound facies dominated the high or shallow-water areas of the 
shelf during the higher stands of sea level when maximum water circulation was 
achieved. At the same time, dark fine-grained argillaceous carbonate muds and 
shales were dominant in the deeper-water ancestral basins or troughs on the 
shelf; chert, dark shale, and phosphorite dominated in the western basin; and 
redbed-evaporite facies dominated the sedimentation to the east. Sand tongues 
projected southward from the Shedhorn facies during regressive and early rising 
sea-level stages of the cycles. Sandstone and siltstone tongues from a southern 
or south-eastern source are also present in southwestern and south-central Wyoming.

Transgressive-regressive cyclic sequences are best developed in the second 
and third cycles. The main cycles are divisible into subcycles correlated on the 
basis of widespread clastic marker beds. Each of the two main cycles begins with 
phosphatic deposition and terminates with transgressive carbonate mound beds that 
are overlain by a disconformity on the shelf. The sequence of events that produced 
the main cyclic sequences is interpreted as follows (fig. 7 and Map B):

1. The cycle began following regression and lowering of sea level and
emergence of the higher parts of the shelf, deposition of gypsum in the 
low areas, and redbed-gypsum and halite to the east in central and 
eastern Wyoming. During this time, eolian sand or dust, derived from 
the north, accumulated on emergent high areas of the shelf. To the 
west, marine erosion and reworking took place'along and immediately 
west of the shelf margin in westernmost Wyoming and southeastern Idaho. 
Skeletal phosphorites of the Meade Park Member accumulated farther west 
in an offshore upwelling belt along the margin of the Bannock high, 
which remained shallowly submerged during the maximum regressive stage 
that preceded the cycle.

2. Rising sea level shifted the area of upwelling and phosphate deposition 
progressively higher onto the shelf, the previously exposed high areas 
of the shelf became awash, and the eolian sand veneer was reworked into 
a basal marine phosphatic sand. In places this sand incorporated 
carbonate or chert clasts loosened from the underlying, partly 
consolidated beds.

3. Continued rise of sea level deepened the water over the high areas, and 
because of the influence of northerly winds on upwelling systems, 
pelletal phosphorite was deposited on the margin of the shelf along the 
Wyoming-Idaho border, and oolitic to pelletal phosphorites were deposited 
in- the central shelf area along the westward-facing borders of ancestral 
uplifted features such as the Wind River high and Rock Springs high. 
Phsophorite deposition also occurred in the lower part of the Meade 
Peak along the north flank of the Cortez-Uinta axis as far west as 
northeastern Nevada.

4. Continued rise of sea level deepened the water across the entire shelf, 
basin-to-shelf circulation systems began to develop, and the entire 
basin and western shelf area was circulated with nearly normal sea 
water. Sponge communities developed to the west in the deeper waters 
of the western shelf, and some carbonate-producing invertebrate 
assemblages began to flourish in the shallow-water, high areas of the 
shelf. Deposition of spicular chert became prevalent to the west, 
grading laterally into intermixed skeletal carbonate and chert on the 
high areas of the shelf (lower Franson and Tosi beds).
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5. Sea level gradually rose to the maximum level of the transgressive
cycle, normal marine circulation was restored across the shelf, skeletal 
or oolitic carbonate mounds built up in the shallow-water high areas, 
argillaceous fine-grained carbonates and some chert were deposited in 
the low areas of the shelf, and bedded chert and some carbonate beds 
formed along the eastern border of the Phosphoria basin. As sea level 
reached its highest stage and normal sea water circulation reached 
optimum, organic growth flourished in the bank areas and skeletal 
carbonate mound facies continued to build and to prograde laterally 
across the underlying deeper water beds, covering the flanks as well as 
the crests of paleostructural high areas. To the east of the carbonate 
mound belt in central Wyoming, a broad expanse of very fine-grained 
tidal and supratidal carbonate beds were deposited, intermixing with 
red eolian-derived silt and dust and, in places, with gypsum beds. These 
carbonate units are the eastward projecting carbonate tongues of the 
Park City facies.

6. Falling sea level began, the larger carbonate mounds became energent, 
progradation of the mound facies continued on the flanks of 
paleostructural highs, and finally mound-building assemblages died out 
as normal seawater circulation diminished and water salinity increased.

7. Sea level continued to fall toward the minimum level, the entire area of 
carbonate banks became emergent, water salinity across the shelf 
continued to increase, with high concentration of magnesium salts. 
Seepage-reflux systems developed; early lithification, leaching, and 
dolomitization of the carbonate mound facies occurred, and finally 
gypsum was deposited in low areas of the shelf which had remained 
submerged throughout the regressive low sea-level stage. To the west, 
the foreland basin became restricted in circulation and refluxing 
saline waters from the shelf increased salinity sufficiently to kill 
off the siliceous sponge assemblages and other skeletal marine organisms. 
Organic chert and carbonate deposition ceased, and reworking by basin- 
edge wave action occurred along the shelf margin, with deposition of 
skeletal phosphatic beds.

8. Rising sea level began, initiating the succeeding cycle.

PETROLEUM GEOLOGY

Almost all known petroleum accumulations in Permian reservoirs of central 
and western Wyoming occur in anticlinal or domal traps on the east and west 
flanks of the Bighorn basin and the southwest flank of the Wind River basin. 
Most structural fields with Permian production also produce from the underlying 
Tensleep Sandstone which in almost all cases contains much greater reserves than 
do the Permian carbonate reservoirs (Map 0). An exception to this generality is 
the largest of the Phosphoria fields, Cottonwood Creek (fig. 9). This field is a 
major stratigraphic trap on the east flank of the Bighorn basin (McCaleb and 
Willingham, 1967), which has only minor production from the Tensleep Sandstone.

Thus far, the main Permian accumulations have been found in regional trends 
of dolomite porosity occurring within belts of carbonate mounds that appear to be 
associated with paleostructural growth on basin flanks. This statement also 
applies in general to Tensleep productions; i.e., the main Tensleep production is 
found also in structures along trends where the overlying Permian carbonate 
section contains a dolomitized carbonate-mound porosity belt.
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iPorosity values for construction of reservoir distribution maps were calculated 
from'neutron, sonic, and density logs, using methods devised by logging company 
engineers. Porosity patterns on the maps of Maps C, D, G, and H represent data 
from about 500 well logs, compiling net feet of porous rocks with greater than 10 
percent porosity. Log-porosity determinations were augmented and confirmed 
wherever possible by lithologic log descriptions.

Reservoir and Source Rock Distribution

Good porosity in the Permian section of the northern Rocky Mountains is 
developed primarily in dolomitized carbonate mounds of the Franson and Ervay 
Members that occur along relatively well-defined facies belts. Porosity is also 
present in sandstone beds in the Grandeur Member at places in central and north- 
central Wyoming. However, the Grandeur in these areas is difficult to separate 
in the subsurface from the underlying Tensleep Sandstone, and for this reason 
porous Grandeur beds are commonly assigned to the Tensleep. The Grandeur carbonate 
beds are almost entirely dolomite, usually sandy to silty or cherty and normally 
of low porosity and permeability. Some porous sandstone tongues of Shedhorn 
Sandstone occur in the Park City beds above the Grandeur in wells drilled in the 
northwestern part of the Bighorn basin (fig. 9). However, these are mostly 
calcareous-cemented, fine-grained sandstone of relatively low permeability.

FRANSON MEMBER
Porous dolomite in the Franson Member is best developed in the uppermost 

beds of the unit. These reservoirs are related to maximum carbonate-mound buildups 
at the top of the Franson Member that were penecontemporaneously dolomitized 
during
the low sea-level evaporitic stage at the close of the Second cycle. Some porous 
dolomite is also present in the middle and lower Franson units, usually in the 
uppermost beds of these subcycles, but in general these reservoirs account for 
only a small part of the total Franson carbonate reservoir porosity. Major 
porous belts in the Franson tend to coincide very closely with the maximum 
dolomitized carbonate-mound facies and the trends of incipient paleostructural 
highs on the Wyoming shelf. Thus far, all wells drilled in the deeper interior 
of the Bighorn, Wind River, Green River, and Washakie basins have encountered 
thinner, usually argillaceous, carbonate beds of low porosity, in comparison with 
wells on the basin margins where skeletal carbonate beds are more dominant. The 
greatest porosity in the Franson Member occurs along a north-south dolomitized 
carbonate-mound buildup on the east flank of the Bighorn basin where the 
carbonate-rock portion of the unit is entirely dolomite (figs. 3, 9). This belt 
of high porosity decreases toward the trough of the southeastern Bighorn basin, 
but the trend of dolomitized carbonate rock may continue southward across the 
eastern part of the Wind River and Great Divide basins and along the Rock Springs 
uplift. A band of dolomite and associated high porosity extends northwestward 
along the east flank of the Wind River Range, coinciding with the ancestral Wind 
River high.

The broad tongue of porous Franson dolomite that extends northward from the 
Park City facies of Utah along the western border of the Green River basin is the 
largest area of porous dolomitized carbonate rock delineated on Maps C and D. 
The true size of this porous belt is best shown on the palinspastic map of Map C. 
This carbonate facies contains a large volume of porous beds that, as of this 
date, are relatively unexplored.

In contrast to the substantial belt of porosity in the Franson Member along 
the Idaho-Wyoming border, the biohermal mounds to the west, along the Bannock 
high, show very little porosity on the outcrop, although some oil staining has 
been noted. These mounds are composed of limestone and were not dolomitized 
probably because they remained submerged during low sea-level stages of the 
second cycle.
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ERVAY MEMBER
The Ervay Member is the most productive of the Permian carbonate units in 

Wyoming. Several reasons for this may be noted: (1) it contains the largest 
carbonate banks of the Permian cyclic units, (2) it is the stratigraphically 
highest and most widespread of the porous carbonate units and therefore occupies 
the highest structural position in both structural and stratigraphic traps, and 
(3) it is underlain by and intertongues with the Retort Phosphatic Shale Member, 
the most widespread black shale organic-rich source-rock unit of the Phosphoria.

Porosity belts in the Ervay Carbonate Rock Member follow approximately the 
same general trends as porous belts in the Franson, and are coincident with the 
paleostructurally high areas of the Wyoming shelf (Maps G, H). Like the Franson, 
maximum total porosity in the unit occurs on the eastern and southwestern flanks 
of the Big Horn basin where the largest petroleum reserves have been found thus 
far in the Cottonwood Creek, Worland, Hamilton Dome, Gebo, Golden Eagle, Little 
Buffalo, and other fields (Map 0). This porous dolomite belt extends southward, 
across the Great Divide basin and the Rock Springs uplift, following more or less 
the same trend as that of the Franson, although the Ervay porous facies extends 
much farther east. To the east, however, the dolomite facies becomes anhydritic, 
and because of anhydrite sealing, the permeability of these rocks decreases 
markedly. A similar situation exists along this belt in the Franson dolomite 
facies, but the eastward transition from carbonate-mound facies to evaporites is 
more abrupt in the Franson and the transition belt occurs some distance west of 
that in the Ervay.

Porosity in the Ervay is well developed along the southwestern flank of the 
Bighorn basin, where significant oil production is obtained from these beds. 
However, in this area the Ervay is not entirely dolomitized and the total porosity 
is less than on the east side of the basin. This belt of porous carbonate rock 
extends to the northwest along the basin flank but limestone content progressively 
increases, with consequent lowering of total porosity. Oil accumulations in the 
Permian in the northwestern part of the basin are generally relatively small. 
The Ervay thins and overlaps the Franson pinchout along the north flank of the 
Bighorn basin into Montana, where the sequence is largely composed of limestone, 
and porosity is generally low.

Porosity in the Ervay is well developed along the southwest flank of the 
Wind River basin where several important oil fields in the Permian as well as in 
the Tensleep Sandstone are located. Porosity here is not as great as it is on 
the east flank of the Bighorn basin, apparently because of less complete 
dolomitization. A relatively narrow band of Ervay dolomite porosity extends 
north-south along the west flank of the Green River basin, approximately coinciding 
with the east side of the porous belt in the Franson. Compared with the Franson, 
however, the porous belt in the Ervay is relatively narrow. The Ervay thins 
rapidly westward here, is absent over much of the area of Franson carbonate bank 
buildup, and farther west it changes facies to cherty shale in southeastern 
Idaho.

SOURCE ROCKS
The Meade Peak and Retort black shale beds are high in organic-carbon content 

and are widely identified as the source rocks for most of the upper Paleozoic oil 
in the Bighorn and Wind River basins (Cheney and Sheldon, 1959; Sheldon, 1967;
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Stone, 1967; Maughan, 1975; and Claypool and others, 1978). Total thickness of 
black shale in the main cycles is shown on Maps E, F, I, J). In general, thickness 
is greatest in the western miogeosyncline and in basins on the shelf, rapidly 
diminishing in the vicinity of the redbed-evaporite facies to the east. Retort 
dark shale beds extend some distance farther east than those of the Meade Peak, a 
consequence of greater transgression of the shelf area by western basin waters 
during the later cycle. Overall, black shales of the Retort are slightly higher 
in organic carbon and have a wider distribution than those of the Meade Peak. In 
general, the Retort beds have not been buried as deeply as those of the Meade 
Peak, but in most places where porous carbonate facies are present burial has 
been sufficient for petroleum generation.

Migration Patterns and Depth of Burial

The main area of thickest organic-rich dark shale facies occurs in the Meade 
Peak Phosphate Shale Member in southeastern Idaho and Xv'esternmost Wyoming (Maughan, 
1975), an area where subsidence and burial rates were substantially greater than 
those on the Wyoming shelf. As suggested by Sheldon (.1967), Claypool and others 
(1978), and other investigators, petroleum generation should have occurred much 
earlier there, when organic-rich beds reached the temperature regime necessary 
for hydrocarbon generation at burial depths of about 2,000 m (6,500 ft). By mid- 
Jurassic time, Phosphoria beds should have been buried to these depths in much of 
the Wyoming shelf margin and slope area, and by Early Cretaceous time they should 
have been as much as 4,500 m (15,000 ft) or more (Map M). Migration gradients at 
this time would have been directed toward the shelf, and substantial amounts of 
petroleum should have first accumulated in the Franson dolomite reservoirs along 
the Idaho-Wyoming border. Subsequently, most of this reservoir belt has been 
buried to great depths, probably over 7,500 m (25,000 ft), and much of the 
hydrocarbons should have reached degradation temperatures sufficient for 
destruction or conversion to gas.

Burial depths across most of western and central Wyoming by the end of Early 
Cretaceous time ranged from about 600 to 1,800 m (2,000 to 6,000 ft) (Map M). It 
is probable that only in the western area sufficient burial temperatures had been 
reached for petroleum generation to begin at this time. Because of paleostructural 
subsidence of the Green River trough, however, these fluids were prevented from 
migrating any farther east than the Wyoming shelf margin. From here, the migration 
gradient would have been directed northward, along the shelf margin, toward an 
area of shallower burial bordering the northwestern part of the Green River 
basin, within the porous Franson dolomite facies and perhaps the underlying 
Grandeur or Wells sandstone beds. Some of these early hydrocarbons then may have 
migrated from here eastward along paleostructural belts on the margins of the 
ancestral Bighorn and Wind River basins, perhaps as far as the Casper arch. Of 
significance in this respect is the area of high organic carbon content of both 
the Meade Peak and Retort Shale Members in Idaho and Wyoming (Maughan, 1975), 
which extends eastward across the northwestern border of the Green River basin 
(Maps M, N). Subsidence in this area was much less rapid than that to the west 
and southwest, and probably hydrocarbon generation temperatures were not reached 
until mid-Cretaceous time. This area of high organic carbon in the Meade Peak 
and Retort probably presisted for a long time as a major source area and accessway 
for Permian oils migrating toward the Bighorn and Wind River basins.

Near the end of the Early Cretaceous, burial depths in the western 
geosynclinal area should have reached the point of hydrocarbon degradation, and 
generation may have ceased in that area. However, by that time, the thick, dark 
shale beds in the Retort, Meade Peak and Franson Members in the Green River
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trough should have reached burial depths of at least 1,800-2,500 m (6,000-8,000 
ft), sufficient to begin petroleum generation (Map N). Migration paths for these 
hydrocarbons should have been to the east and northeast, toward the ancestral 
Wind River, Rock Springs, Sweetwater, and Casper highs, with continued migration 
toward the east and northeast through the main accessway on the northwest flank 
of the Green River basin. Some time before the end of the Cretaceous, perhaps 
during Mesaverde deposition, burial depths in the Wind River and Bighorn basins 
should have been sufficient to begin hydrocarbon generation from the substantial 
thickness of Permian dark shale beds in these areas, primarily those of the 
Retort Member, bringing the more local source rock facies of these basins into 
the migration system. By this time, through the continuing evolution of the 
temperature-hydrocarbon generation regime, large quantities of petroleum may have 
been accumulated in dolomite (Phosphoria) and sandstone (Tensleep) reservoirs in 
broad paleostructural belts along the margins of both basins. Some of these may 
have been slratigraphic traps along the Permian facies transition belt between 
porous dolomite and redbed-anhydrite facies, including early entrapment in the 
Cottonwood Creek Field area. The final migration and accumulation system then 
evolved through Laramide structural growth during Cenozoic time. Important to 
the final result of this series of paleostructural events is the fact that Laramide 
growth of the Wind River Range, and the Owl Creek and Bighorn Mountains occurred 
along structural axes that were somewhat offset from the late Paleozoic and early 
Mesozoic paleostructural axes. Because of this, much of the early petroleum 
accumulation in the Phosphoria and Tensleep is still preserved. However, much of 
the petroleum in the more blanket-like and highly porous Tensleep Sandstone 
probably has been lost to Cenozoic erosion in the Wind River Range and Bighorn 
Mountains and other major areas of Laramide uplift.

A consideration of the above factors of paleostructural and burial-depth 
history, along with the distribution patterns of reservoir and source rock facies, 
suggests that the Phosphoria and Tensleep hydrocarbons of the Bighorn and Wind 
River basins may represent a combination of those derived by middle Mesozoic 
migration from distant source rock facies and late Mesozoic-Cenozoic migration 
from more local intra-basin source rock facies. Present-day burial depths, as 
shown on Map 0, suggest that around the margins of the basins, the generation 
process may still be in operation.

CONCLUSIONS

Permian cyclic lithofacies and carbonate reservoir trends appear to be 
related primarily to paleostructural growth contemporaneous with deposition on 
the Wyoming shelf. Carbonate mound buildups, composed of bryozoan, crinoid, 
brachiopod, oolite-pellet, phylloid algae, and other bioclastic debris, are most 
commonly located along apparent paleostructural features related to late Paleozoic 
ancestral growth of major Laramide structures. Wells drilled in paleostructural 
basin areas on the shelf, however, have encountered a much more shaly section, 
increased content of dark shale, anhydrite, and finer grained to shaly carbonates 
of low reservoir porosity. Porosity trends, related to dolomitization of the 
coarse-grained buildups, also occur along the paleostructural belts. A seepage- 
reflux system with a westward gradient, penecontemporaneous with deposition, is 
believed to account for most of the reservoir development, as an early diagenetic 
process.

The main area of dark organic shale potential source rock facies is in 
southeastern Idaho and westernmost Wyoming. Subsurface lithologic studies, 
however, indicate the presence of a substantial thickness of dark shale in the 
Green River, Wind River, and Bighorn basins. Thickness maps of Mesozoic rocks 
suggest that burial depths were sufficient for generation of Phosphoria petroleum 
to take place in southeastern Idaho and western Wyoming as early as Jurassic
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time, with a migration gradient toward carbonate reservoir belts in the overthrust 
belt and along the ancestral Wind River Range and the Owl Creek and Bighorn 
Mountain paleontructures, and perhaps as far east as the Casper arch. The main 
migration pathway for this petroleum should have been eastward across west- 
central Wyoming. Near the end of the Mesozoic, generation and migration of 
petroleum from source rock facies in the basin areas of the shelf should have 
begun.

The pattern of cyclic deposition characteristic of the Phosphoria Formation 
continued into the Triassic Dinwoody Formation. The striking difference between 
cycles in Dinwody and Phosphoria time is believed to be primarily biotic, related 
to disappearance of skeletal mound building and other marine organisms at the 
close of the Paleozoic.
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