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DATA FROM SELECTED ALMOND FORMATION OUTCROPS
SWEETWATER COUNTY, WYOMING

Introduction

The data and analyses in this report resulted from work performed by NIPER for the U.S. Department of
Energy under cooperative agreement DE-FC22-83FE60149, Base Program BE l, Reservoir Assessment and
Characterization. The objectives of this research program are to: (!) determine the reservoir characteristics and
production problems of shoreline barrier reservoi,'s' and (2) develop methods and methodologies to effectively
characterize shoreline barrier reservoirs to predict flow patterns of injected and produced fluids.

Two reservoirs were selected for detailed reservoir characterization studies--Bell Creek field, Carter County,
Montana, that produces from the Lower Cretaceous (Albian-Cenomanian) Muddy Formation, and Patrick Draw
field, Sweetwater County, Wyoming that produces from the Upper Cretaceous (Campanian) Almond Formation of
the Mesaverde Group (fig. 1). An important component of the research project was to use information from outcrop
exposurea of the producing formations to study the spatial variations of reserwfir properties and the degree to which
outcrop information can be used in the construction of reservoir models. A report similar to this one presents the
Muddy Formation outcrtop data and analyses performed in the course of this study (Rawn-Schatzinger, 1993).

Two outcrop localities, RG and RH, previously described by Roehler (1988) provided good exposures of the
Upper Almond shoreline barrier facies and were studied during 199(I-1991 (fig. 2). Core from core well No. 2
drilled approximately 0.3 miles downdip of outcrop RG was obtained for study. The results of the core study will be
reported in a separate w)lume Outcrops RH and RG, located about 2 miles apart were selected for detailed
description and drilling of core l,-'lugs (fig. 3_. One 257-ft-thick section was measured at outcrop RG, and three
sections ~ 145 ft thick located 490 and _55 feet apart were measured at tee outcrop RH. Cross-sections of these
described profiles were constructed to determine lateral fimies c,,ntinuity arid changes.

This report contains the data and analyses from the studied ou'.crops. The outcrop data set includes: 4
measured sections and descriptions of outcrop exposures; grain-size distribution data from image analysis of 30 thin
sections; permeability and porosity measurements from 25 1-inch diameter coreplugs drilled from the face of the
outcrops; and 923 fracture azimuths m'easured from the outcrop face. This data is awfilable in electronic format
from the U.S, Department of Energy, Bartlesville Proiect Office. Figures and data taken from the literature have
also been comp_!ed in this report to provide background information on the outcrops described and sampled. An
annotated bibliography of references on the geology and interpretation of the Almond Formation as well as general,
petroleum-related papers on the greater Green River Basin is included as Appendix A. These results _t" the studies
on the Almond Formation are reported in Szpakiewicz el al., (1991), Schatzinger el al., (1992)' and Jackson et al.,
(1993). I
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Schatzinger et al., 1992). Cross-section A-A' presented in figure 5.
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FIGURE 3 Circles indicate the location of Almond o_ltcropsand corehole number 2 (CH#2) in Sweetwater
County, Wyoming, addressed in this report. Other outcrops described in Roehler, 1988arc indicated
by squares.



I Paleogeography of the Almond Formation

In the Rock Springs Uplift area, the Upper Cretaceous (Carnpanian) Almond Formation is the youngest
fl_rmation in tile Mesaverde Group (fig. 4). It ranges in thickness from 25(1to 750 ft and is informally divided into
lower and t,pper member' The lower Almond (10(1to 600 ft thi_ '_ "ontains a fresh water fauna including din',saur,
crocodile, turtle, and qsh fossils and consists of small, lenticular .nannel sandstones; thin, finer-grained levee;
overbank and floodplain sandstones, sillstones and mudstones; and carbonaceous shales and coal beds deposited in a
fresh water, coastal swamp environment (Meyers, 1977). The upper part of the lower Almond (125 to 250 ft thick)
consists of a cyclic sequence of coals deposited in a fresh-water coastal-marsh environment and fossiliferoa.;
slightly carbonaceou., shales, mudstones, siltstones and thin sandstones depo,'itt.d in a brackish-water, salt-marsh
tidal flat. estuarine setting. The paleogeographic and stratigraphic setting of the Almond Formation has been
previousl_ described /Meyer',, 1977; Van Horn 1979; Roehler, 1988, Weimer, 1988; and Martinsen and
Christiansen. 1992).

The Almond Formation was deposited during the early stages of the T4 transgression of Weimer (Weimer,
1960). The upper Almtmd consists of a series of landward stepping strandline sandstones separated by transgressive
disconfor,nitie_, that rise stratigraphically and become younger from east to west (Martinsen and Christiansen, 1992)
(fig. 5).

In _he Rock Springs/Patrick Draw area, barrier islands were deposited at the head of a large, east-west
t_ricnted embayment (Rtwhler, 1988) in an inter-deltaic area between the Red Desert delta (Van Horn, 1979; Jacka,
1970; Weimer, 19_'_6;Asquilh, 1971))IO the north and an unnamed delta west of Craig in northwestern Colorado (fig.
6). Moderately high titles (grcatel tha,n 3 ft) aftk'cted the develolmaent of the bar,ier islands anti probably resulted I
frolll a focusin_g t_l tidal currents its they flowed westward and becanle constricte0 toward the head of the Rock
Springs elntm> inent (Rochler, 1988).

StilT, Ice :.lilt] stJbsurfacc evidence indicate lhtll the east- to northeast-trending normal faults in the study area
were active durin_ the :\lnaontt depc_sitiort iVan Horn, 1979). Strong evidence for syndepositional movement of the
faults can be seen in fi._ure 7, an isopach map of an interpreted time-stratigraphic interval between the "A" marker
bentonite of the lm_er l.ewis Shale and the top of the Almond sandstones IVan Horn, 1979). Differential movement
_1" lhc futlll block.,, are indicated by variations in the direr.lion of thinning between fault blocks (fig. 7).

Depositional Environments

The lmleogc_,..,r;q_hic rec_mstrucwi_mt_t'lbe Upper Almond outcrop exposures around the Rock Springs Uplift
ix presented in fi._ure _, and represents deposition in a tnesotidal shoreline barrier setting (Roehler, 1988). In this
environment, ttle m_oor sandbodies are predominantly associated with the lateral migration of tidal inlets and consist
of: (a) flood tidal della, that forms em the landward (lagoonal) side of the inlet, interfingers with tidal flat and salt
marsh deposits, and commonly cnntains oysters (Crassostrea sp.) at the base of the deposit; (b) tidal channel,
characterized by scoured erosional bases, shell lags of abraded oyster valves and bimodal, ebb and flood oriented
cross-stratification; and (c) ebb tidal delta, that forms on the seaward side of tidal inlets, and exhibits ebb oriented

cross-strata where associated with tidal channel sandstones..,nd in a seaward direction, becomes massive and grades
into lllarine sandstones.

Other sandbodies present in this environment are shallow marine sandstones deposited on the seaward side of
the barrier islands, and consist of shoreface and foreshore (beach) deposits. Lower shoreface environments of
interbcddcd sandstone, siltstom and shale are deposited below daily wave base and commonly contain the trace
fossils, 7Y_alu.vsim_ide,vand a miniature form of Ophiomorpha. The upper shoreface sandstones were deposited
below low tide and above effective wave base and commonly contain burrows of deposit feeders in the lower part
and low-angle cross-stratification and abundant Ophiontorpha burrows in the upper part. In the Rock
Springs/Patrick Draw area, the laterally extensive shallow marine sands are truncaled by tidal inlet/channel deposits
resulling in rapid lateral facies changes a,;.l complt, x reser, oir unit geometries.

Facies characteristics used in interpretations of the measured outcrop sections are listed in Table !. Although
the current status of the outcrop work does not permit t'acies geometry determination, maximum facies dimensions
reported in 15 references was compiled ,o determine the geometry and w_lume differences of the facies within
barrier island systems (Table 2, fig. 9). This data shows that the shoreface and foreshore facies have volumes over
10 times those of the tidal inlet, flood tidal delta and tidal channel/creek facies. In addition to greater volumes,
reserw_irs cornposed of shoreface and fl_reshore facies have much better reservoir continuity and therefor can be
developed with greater well spacings. Reservoirs composed of tidal inlet, flood tidal delta and tidal channel/creek
facies have much less continuity that indicates that closer well spacing, infill drilling, or horizontal wells will be
most effective productive strategies.



The outcrops described in this study include two major episodes of shoreline barrier deposition that
correspond to the Barrier bar G and F, using Roehler's (1988) nomenclature. Barrier bar G is part of a generally
north trending shoreline deposit that is lenticular in cross section, more than 60 miles long, has a maximum
thickness of 95 It, and is about 3.5 miles wide. It is subdivided into tidal channel, tidal inlet, tidal delta, dune,
washover fan, and shoreface facies (fig. 10).



TABLE 1

Sedimentological characteristics used to distinguish facies of the Almond Fonnalion shoreline barrier system.

FLOOD TIDAL DELTA
sand, 125-225 microns moderately to Ix_orlysorted
planar tabtflar beds
Rmnp m_d8w_hb!_- subhorizont£d to horizont_d bedded and laminated, thilfly bedded (to 1" thick)
Feeder Chmm¢ls - deep erosive scours filled with
cross-be&led sandstone
trace of staid-filled burrows
flow directions - bimodal, hmdward on flood ramp, seaward on ebb shield mid spit
disconfommble base

geometry - lobate or wedge shaped

TIDAL CHANNEL
sand, 150-200 microns, moderate to well sorted
planm tabular bedding 1' thick+,horizontal bedding, massive to subhorizont£d bedding
carbonaceotm drapes on bedding plmles
20 to _ ft wide, sharp b_malcontact
oyster chmmel h_g (60% oysters) 3 ft thick
ebb flow
5-10% staid-filled burrows, trace Ophiomorpha

TIDAL INLET
sand, 2_)+ microns, moderate to poorly sorted
massive to large-scale 1-ocalcut and fill (2.5 ft thick), horizontal bedding 1.5 I't thick, trough cross-bedding (0.5 ft thick)
erosive base often txmtaining clumnel lag of shells (whole oyster shells, no preferred orientations and mudclasts)
geometry-laterally contitmous - spit accretion beds
dip pm'tdlel to shore

MIDDLE SHOREFACE
sand, 100-150 microns, moderately sorted
horizontal to subhorizontaUy Imnitmted, bedding 1-3", tmifonn thickness, minor amounts of cut mid fill
tdtenmting bioturbated mid sub-horizontally lmninated (wave deposits)
trace of burrowing with zones tip to t.)0_, bioturbated, trace Ophiomorpha
erosiomd base

TIDAL CREEK
sand, 175 microns moderate sorting
planar tabular bedding
rip-up clasts

TIDAL FLAT
50% sand, 66-125 microns, m<xlerately-well to well sort_
fllin bedded .05-6 inches thick

ripplebedded (up to 60%) current ripples
horizontal lmni tree (20%)
shale (20%) horizontal lmninae and dralx_s (2ram) on tipples
slight sol't-sediment delbmmtion
burrowing 60%, oblique mmd-lilled burrows, locally abmldtmt Corofr)ides (u-slmped burrows)
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TABLE 2

Common shapes and dimensions of major reservoir facies in Recent and Ancient mesotidal
shoreline barrier systems I (After Schatzinger et al., 1992)

Facies Name Thickness fit) Width (mi) Length (mi)
and shape

Me,_otidalBarrier 12.0 to 90.0 0.6 to 4.0 2.0 to 12.0
(Shoreface &
Foreshore Facies);
elongated oval,
drumstick

Washover Fan & 0.5 to 6.0 0.4 to 1.6 0.8 to 1.8
Terrace;
fan or terrace

Spit Platform; 3.0 to 15.0 0.5 to 3.0 0.3 to !.0+
accreted cycles

Tidal Inlet; 5,0 to 100.0+ 0.1 to 1.0+ 0.6 to 4.0+
strait or

slightly curved

Tidal Channel & 5.0 to 100.0+ 0.02 to 0.8 1.0 to 3.0+
Tidal Creek;
convergent, sinuous

Hood Tidal Delta; 6.0 to 30.0 0.3 to 4.0 1.0 to 3.0
lobate fan,
te,'_r-shaped

Ebb Tidal Delta 15.0 to 75.0 1.0 tol0.0 1.5 to 6.0

& Shoal; •
lobate fan, oval

1Data compiled from Bernard et al., 1959; Cuevas et al., 1985; Donselaar, 1984, 1990; Fitzgerald et al., 1984;
Flores, 1978; Hayes and Sixton, 1989; Hoyt and Henry, 1965; Reinson, 1979; Roehler, 1979, 1988;
Sha Li Ping, 1990; Sneider et al., 1984; Van Horn, 1979, and from NIPER's field observations
{Szpakiewicz et al., 1986, 1990-91).
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MESOTIDALBARRIER ISLAND FACIESDIMENSIONS

(Maximumdmelsionsrelxrtedinthelitera_r e)

52,800 FT I O0 FT

63,360FT 21,120 5,280FT31,680FT" ill !::!;:;!!:i• 2OFT
- ' 75FT

EBB TIDAL DELTA SHOREFACE AND FORESHORE TIDAL INLETVOLUME- 256,000 ACRE-FEET
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IOOFT
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W/h- 42

8,448 FT

 ,5o4rr SCALE

VOLUME- 11,059 ACRE'FEET 2MILES
W/h - 1408

FIGURE 9 Dimensions and geometries of barrier island facies. Data from references listed in Table 2. (After
Jackson, 1992)
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II Measured Sections

Detailed measured sections of outcrop RH-2 (figs. l 1a-d), RH-3 (figs. 12a-d) and RG-7 (figs. 13a-g) are
provided to show the vertical sequence of facies in the Almond Formation. Grain size measurements were made at
least every foot with a hand lens and grain-size comparitor. Outcrops RH-2 and RH-3 (figures i1 and 12) are
located in section 8 TI5N R I02W in the Mud Springs Ranch Quadrangle of Sweetwater County, Wyoming. RG-7
(fig. 13) is located in section 33 TI6N RI02W of the Mud Springs Ranch Quadrangle of Sweetwater County,
Wyoming, (fig.3).

Figure 14 is a cross section of outcrops RH-2, RH-3 and RH4 in the Almond Formation, Sweetwater County,
Wyoming. The facies legend for figure 14 is given in figure i5.
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FIGURE 11a Measured section RH-2, Almond Sandstone. C NE SW sec, 8, T 15N, R 102W, Sweetwater County,
Wyoming, O to 40 ft,

Described by; R• rilh,an, R. Schatztnger
Date: G/20/91

tleasuredon traverse nf 3" dlp 4" to _
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)._ ___.__. microns, moderate to poorly sorted).

' Planar tabular laminated (ESF. flow
and SW flot.),base erosional, top

] =, i j,.. i, , i iH _,,

l_- -_,= !.0 21.5-22.5' Sandstone (175 microns,
moderate sorting), horlzont,ll ly'6

?5.5 _ laminated, cut out l_'.erally _X25" IIi . overlying unlt. TIDAL SWASH R i

I \ ,......
"--" __. _" I,5 |,.g-21.5' Sandstone (150 mlcrol,s,

22.5 "--L_ _-- ' moderately poorly sorted), cross
?I "-_,. __ __ laminated, lipto 0.8' thick beds.

Trace burrows. ESE #'low. TIDA..__._L

• . ,, ,, , , , - _

3' 14.0-II.0'Sandstone (150-175
,...___ microns, moderately sorted), hor,-

. zontally bedded and iamlnated,
I - sharp lower contact TIDAL SWASIIw,.,,.,,..,. •

..__ . . BAR (80%) or tIIDDLESIlOREFACE(_()_).
L

m i i i

m, _ ill, ii I .

.......... 7' 7.0-14,0 Sandstone (175-?00 microns,

I l .................. _ moderately poorly sorted)• flverall
_._. _ massive appearance. Difftlsebedding

locally (cross laminated?. ,;w angle
"" _ ' ' pla,ar?). Trace _. 2% car-

i ___ bonaceous drapes on cut_. TIDALCIIANNEL(75%).
lO ----- , •

__ S.O-/.O' Sandstone (125 m|cro,ts)

i 2-8% carhonaceous fragments. Thln
irregular(?)horizontal bedding;

_ • Internally rippled.
..... nlUll • _1 , .... , , ,, 1, ,

mmmmm.., i, _ _,.,l"_'_ .. ,,- .... , ,-" _

---" '+ 0-5.0' Clays,one, dark gray fissile.

5 --"m _, .....__- ... _ less than trace of silt size car-
' ' bonaceous grains, tlotsilty. Low,_r

contact covered. Sharp upper con-
tact. BAY FILL SHALE (/5%).

.
_" I
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FIGURE 1 lb Measured section RH-2, Almond Sandstone. C NE SW sec. 8, T15N, RI02W, Sweetwater County,
Wyoming. 40 to 80 ft.

76.0-_10.5' Sandstone (7S.10r)
microns, moderate to well sorted).
Trace-I/)%carbonaceous fragments.
LectorI/3 soft sedhnef_tdeCnrme(l,
remainder ripples and small tro_ighs.

/4.5-76.0'Claystotm, black. VII*

carbonaceous fragments. BAY SIIALE(801).
...... , ..........

DEP_'._( poorly sorted), rippled 20% carhona-

M 77.S-73,5' Siltstone, light tan.

,gO _ , , T ,, 51 carbonaceous, rippled,..-..,L. 4,B .... --

._ _ 1.5 II.%12.5' Shale, carbonaceous.

._ ,,_ _ ;gr 1.0 /l.O-/l.S' Slltstone, rippled, red-
.' ..'. . , . gi 1.0 brown, Well sorted,quartzose. _......

"_"_. _-----'_.'9" 9( I.O i.O-/l.O'Shale, carbonaceous
16 m=.t ..... gB 0,5 (lO%r), brovmlsh-black,fissile,

74.5 m "-"--i .,:,I 5' slightly silty, BRACKISII(?)HARSIJ(An%).
__ m .... iii iii i ..... - _ 7-?

73 B m _'__ _-_/ _ 3' 63.0-66.0'Coal, vitreous, black.. --............. riDe-clayey. PInta#lcoal, FRES_I

72.B -----,------- -.j_ ,_:,,,. . . WATER_IARS_(95_).,t- ±_ ..............

71.5 " J 7C I' 62.0-63.0' Covered, sell

SO. IB 2' fiO.O.6?.r)'Shale, c_rbonaceous,

' ' brownlsh-hlack,sIighly silty......... __

7A ' 5.'L6o.o're,red.,oil.
6F 4.5 SI.O-SS.S' Sandstone (65-II)5

mlcron_, moderately well to well
fi_ sorted sandstone).Very thln bedded,

i ]/?-e". SOl current ripples

l (sandstone), ZO%horizontal laminae
{sandstone),20% shale (horlzontaI
lamlnaeand drapes on ripples). 10%

63 tidal creek sandstone deposlts(l' thick).

62 _ • TIDAL FLAT and TIDA..___LLCREEKS (90%),
FIE 1.5' 4g.5-51.0' Sandstone (100I, 175

microns, moderate sorting}.
Fill . 0.5-I' beds, planar tabular (Flaw

I'I(T).SXclay rlp-up clasts, in%

$ burrowed. TIDAL CREEK (gO%).

i I 51l _.5' 4/'.6-,19.5'Sandstone (50%, Iti_)| ' ' mlcron_, moderate sortlnq) Inter-
"--- 1 bedded with silty shale. 601
"" I / burrowed, oblique sand filled.

55.5 ---- Sand mostly slightly sOft sediment

m . deform_.d. TIDAL FLAT (90_).iC 2' 45 0-47.0' Sandstone (flO_,175-

-" . ' #lorizo_tta)lylaminated(90%), 1f)t

i ......... burrowed, vertical, lllgllflow51 regf,,_t_do.posit.TIDAL FLAT (Or)X).m

50 m "_, _, "_.." iB .5' 43.0-45.0' Sandstone (60%, 125

4q.5 _ _ microns, poor sorting) lnterbeddc,d

wlth burro_._edsilty shale (40l).Sandstone

I 2-6" thick. TIDAL FLAT (90%).
beds

,,,, , ,,,,,,, = ,,,i , , ,,L.,._ ,,,

i _ ..._ IF-I _ * _---,,
/_7 III I ....r _ , - ;A I' 42'0'-'43.0'Sand_to,ie(150 microns).

Calcareous ce(_ented.Abundant
-- ,i _CoroPholdesburrows ("U" shaped).

45 II _:...... _-'il-- SIIghtly l?regularbetide,l,sub-
' hnrl;,ontallylaminated. TIDALFLAT (80%).

........

5 3' 39.0-42.0'Calcareous sandstone,
43 ..... 10(3-150microns, very poorly sorted
_12 ' at base (I(10 ,_Icrnn_),otherwl_e rand.

Ui - -Tar erately_nrted. (Ixidlzod.Hasslvo

fl'w and mettled appearing. _% sh_.lls.
_'_ 18 Sharp _ipp_.rand lower contact_.

4(I " ' Fracturn.d.SANDY LAGOOI#(r,f):).



FIGURE I Ic Measured section RH.2, Almond Sandstone. C NE SW sec, 8, TISN, R I02W, Sweetwater County,

Wyoming, 80 to 120 ft.

11,9.5-119.5' Sandstone (15 .llcrons)
thin platey bedded. Non-burrowf, d
TIDAL CREEK(60%). __

114.f)-I18.5' Covered, sandy, no

_ _ _" _ _ _ I13.0-I14.{I'Sandst'_ne(150 microns,

poorly sorted). Locally lO_ oyster
FT M _ ,- fragm(_nts.Sharp upper and lownr

IPn ' ' ..... contact_, Very local sandstonr,,extends,.,.,,i

llg,_ '. I 20' l_tnrally, TIDALCilANNEL(_35_;).

110,5 4. 110.0.11:3.0 Sandstone, _]rey D ,,
massive appearing. Diffuse surmorlzontal

' ' ' I bedding? Local sandstone 50' lateral
% extent. Non-b,Jrrownd.TIDAL CIIANNEL(7_%),

..........ii_4.o-ltii,0_send,to,,..(175-225
mlcro,_, moderate to poor sortlng),
Intorbeds of sandstone with ah,m,tant

"" mle_0'._ _'_)_ / oysters (0,5-1o0'thick)and non-
113 ' .... oyster bearing sandstone. Oyster_

"'" . '. ' , ' ' mostly fragmented. At least lO%low anglo

m . ''_"-, , ' ' planar laminae, remainder masstve appear.
""" ', ' _ / log. Extends 300' along outcrop to west.

lie- _ -"......__/_..._..._.w/ p.! : _t0l, 52104,0' SandaL°her(250mlcl rent;,

' mo,leratesorting). 4IIXlarge ?-4"
long whole oyster wlth no preferred

I orlenlT_E'T'6"ns.15, oyster fragments.
Forms one amalgamated(?)bed _llth

' sharp upper and low(_rcontacts, i
.............. _ TIDAL INLET CHANNEL FILL (80%).--.- ,,== ,=, ,_,¢>,¢= ..... ... ,

"" -- , I.=. g/.O-lOl.5_ Sandstone (250 m_crons,
m _ _ . moderate sorting). 1-1.5' tnlck
m .......... ! horizontal beds, Internally planar-

104 I _) _ _ ,..._ _ _ tabular to planar tangential, SE

. 30_ low-angle planar lamlna_, 40_

m"..... I "ma,;,;Ive".TIDAL INLET FILL (gnx).'"' :_','.','.'T."./'.:.'."..:.i'.' .... ,1.5 g2.5-07.0 Sandstone (150-250

lflfl "_ _. _-- _i_ . microns, moderate sorting). Trace-
5% oyster_, rlasslveappearln_
Some large scale local cut ann'flll (P.5'),

""I """"' ',¢_' ' .' ' " ' • Sugge_tion of troughs and horizontal
1"""¢-_'" ._ _i... -'---_' _"--_ _" ,/ . laminae. TIDAL INLET CIIAIINELFILL (go't).

91 .---- " 90.5-07.5' Sandstone (150-175

. " . "..,_ _ micron,;,moderately to poorly sorted).

. l _ Irace of carbonaceousmaterial.

I Thick bedded (1.5'), bedding horlz-

slze troughs (0.5' thick)wlthl,

92.5 beds. Trace of oysters. Uniform

i ' SE flow. Unit consistent hilt thtcker_
to west. TIDAL INLETCIIANNELFILL (go%).

qo._

,qq 7_ .,_ .tl 89.7-90.5 Sandstone (125 microns. , moderat(_sorting}. Shelter porosity
' _ _ filled wlth muddy silt. Thoroughly

88.5 " soft sediment deformed. Locally
sharp _mppercontact.

.... 8F).5-Flg./'Sandstone (I00 microns,
poorly to moderately well sorted,
rippled and disturbed). 27,tin)'
very thln pelecypod shells. Trace

' . . carbonaceous, thln (0.I r_nthick)clay

lenses. BRACKISII(?1 BAY SANDSTONE (Fill't,).

O' 82.5-81q.5'Clay,;tonf),medium grey,
Fl2.b , . . trace of carbonaceous fragments In

lov_nrhalf of unit. Non-silty.
BAY FILL SIIALE(6_t).

FIF).5
lqr)_ _ 0' Iaf).5-$)?.5'Coal, vitreous, thin

bedded, non-clay_,y.MARSIIDEPOSIT(ql)_).
19



FIGURE 1id Measured section RH.2, Almond Sandstone. C NE SW sac, 8, TISN, RI02W, $wcetwatcr County,
Wyoming. 120 to 160 ft.

. • • o t

2' i43,o-115,,',s,, sto;o mic..o,s.
• moderately poor sorting). Ilhttq sub-

.... __r_z_n_a) beddtng surfaces in Itlter-
tor of beds. "rlasst,:e". Top of
outcrop'. Base dtsconformahle.

Note: lho entire thickness of this

.... white Ttdal Delta complex outcrops
J across the val!ey to east,

T!DAL DELTA (F5%).
ii iiii i[ j iii HI -- [ iiiii i .............

150 ' ' ' 6.! 136.5-143,0' Sandstone il00-tS0
mtcrons, poorly sorted). Thin
beddod 10%horizontal laminae
where not burrowed. Bloturhatod.

• ' ' Unf form appearance througllout. 2%
_h_._a. MIDDLE SHOREFACE(90%).
i i,iL H I I ....

145 , [.5 135.O-136•5' Sandstone (fir)mtcro,s.
' moderately rill sorted). Low-angle

,. to sub-horizontally )amtnatod (wave
143 ' deposited). MIDDLE SIIOREFACE(90'.).

_._. ' ' t.O 134.0-135.0'Sandstone (lO0 microns,
•-" moderately well sorted), fltotur-

_ _:= bated, =_%carbonaceous•
¢=p

140 _-,._- ,.5 129.5-134.0' Sandstone (I00-12_
microns, moderate sorting). Sub-
horlzontally lamfnated,trace of

_ _ burrowing• Wave deposited.
"- ' f,flDDLE SflOREFACE(90_).

136.5 -"
1.5 176.0-12g.5' Sandstone (80-100

microns, moderately sorted). Trace

13=; _ ==D ¢_,=m_' ' ' of OPhtomorpha, Thin beddod (0,I-
134 0.8_)' _ "Lam=_cram", alternating

bloturbatodand sub-horlzontally
laminated (wave depnst ted) heds,

• . Base erosional, cut down 3'.
t41DDLESHOREFACE (gO'f.).

i-- .......... .5' 122.5-12fi.0'Sandstone (75-125
130 "-'-" __ . microns, moderate sorting), Trace

-- - _=- carbonaceous. Io0_C_aa_dlTni,,a_..lZg.s -'-- __ ! I 8_% burrowed (b u n

_,,_ _'_, i

-_ Irregularhnrfzontalbedding (_.2-

. _ 0,8 thick). Base a flooding

sur;ac_. LOWER SHOREFACE (gNU).

126 /_-- .O' 121.5-122.5'SilLy claystonP.." I • Bloturhated. 20% carhonaceous.

,.
_ i _ Unconfnrmableupper silrfacn.

_._...,,,,.,__='] _ tlARStt/LAGOON(65%).

...._P.2.5 _ _ / _ .5' 12i'0-121.5'Coal, vltreous,"black
non-clayey,

lPl._
l?.l ,0' llg'5-l?l.')' Claystone, dark grey,

l?Cl_ slightly silty, 3-.5_carl)nnaceous-- ' ' ' fraq,lr, nts. BAY/LAGO0rtFILL (75%).

2O



FIGURE 12a Measured section RH.3 Almond Sandstone, SW NW sec, 8, T 15N, R 102W, Sweetwater County,

Wyoming, 0 to 40 ft,
rlescrtbod by: R• W, Till,tan,

R. Schatztnger, 6/21/ql
Note' Locat,d _.•1 miles south of tlnasllrod

Sectton RG7, I/2 milp rlF..of
rleasured Section IIR.. Used dip of
4" on transverse to hast. Interval

_" "_' froi, 53-60' also m_asured 50' tn

_ 5° at 60'

DEPTH flea,;uredInterva{ 140'.

FT M _..,, 30•5-41.0' Sandstone 115 microns,mud,rarely _orted)• assfve appear-41] . , , ,
2.c fog. 30"r, oysters. Cut down Into

planar tahular unit below. 2.5' cut
I_I.5 down; cut Is IO' wlde. TIDA_._._L

_ ,.-......_ _. CIIANNEL(go%).e ,i,r,r

3i.o-3e. '(T of ,t 4,'

_...___j_ mode,,ate sorting). Plana,' tabular

" I . • laminae in horizontal beds; flnw to

34 ---- I South. Top cut into by oy,;terfilled"--'--------_.... channel. TIDAL ['ELLARAHP (Bn_.).

---. • 4•rl 30.0-34.0'Sandstone (125-225
---- microns,mnderately sorted)•

_l Graded, Subhorlzontal bedded and

I laminated dip up to 200 tn west•

302g _'-" "--_ Trace sand filled burrows. TIDAL
DELTA RAMP (70'_).

'l --'_'_-_ -- -- ' - " l.tl 2g.O-30•n' Sandstone (27'_-750

........ |__ _ . mtcrons, moderately sorted)•

27 _ Flassive appearing• Base erosional

(tl.5' rnltef). Trace of sand filled
burrows.

' ._.rj 27.0-2g.0'Sllty (sandy) shale.
Black. 40% thin silty sandstone
(15 microns) lenses and siltstone

?2.5 lenses (gray). Upper surface cut
' down n.5". LAGOON (FmX)•

I•5 22.5-2l.{)'Sandstone (ISO-ll=;

?0 _. microns, moderate sorting). 4tll_
Ig.5 burrowed (Includes biotu|'bated

Ig ._ Interval,;),30% soft sediment

defor,nnd, 30% small troughs• TIDAL
CItANNELIN TIDAL DELTA (/5%),

.O' 19.5-22.5'Sandstone (125-150
micro,s, moderate sorting). 0.5'
thick sub-horlzontalbedding; lO0_

. :..: ...,.... • sub-hnrlzontal laminae. TIDAL DELTA
• SWASItBAR (gnx).

13 "" ._' ig.o-l_,_'Clayey sandstnrm (Itltl
micron_). LAGOON (60,'.)., •

.0' 13.0-19.0'Sandstone (125-250
11 microns, moderately sorted). DIs-

I tlnctly qraded. Sub-horizontally

I0 _ .... bedded. Beds are Internallysuh-
I horizontally laminated (601;)tO

massive (40_.).Base dfsconformahln.
| TIDAL DELTA (go;).

t _'I ll,O-I3.0'Shale, gray, non-carbon-

I aceous, fissile. BAY FILL SttALE(75_).
5.0-II.0' Covered.

" 3.0-5.0' Claystone, gray, non-
carl)n,aceous.BAY FILL (75:).

,,

.... :" l.O-3.t)' Coal, vitreous, non-
clavoy. HARSII (qO_).

+ O-l.tl'Shale, c_rbotlaconus,dark
nray. I(V carhnnacm.nus fratlmpn_,

n_ ' ' 21 LAGPqN (St)').



FIGURE 12b Measured section RH-3 Almond Smldstone. SW NW sec. 8, TI5N, RI02W, Sweetwater County,

Wyoming. 40 to 80 ft.

Note: fiovert MeastjredSectlnn to
north. Discontinuous exposure abovn

_ _ _ , 50' at sIght of O-qO'.

'T " _ ,_ I_ I_--'_--_ _ _ _ _ ,ffl6.5-,7.5' She,e, gray. Trace
i//carhonacenus. BAY FILL SIIALE(gqT,).

---- . , . , ,., , , , 'i" '- '.C. l_//_3.s_:SvSilt';to"e'RI_l;_;ti,ln

_o =FI - . -- . . --. / ._._._ .I. . !!l./, (t/z,,) rippled beds._LI ' '---- : './_--" ..._...-_ _..

contact_. PINIAIL COAL, MARSIf(g51).

73.5 31 _,o-6£o''_Claysto,e.gray.2s;

-'-- I carbonaceousfragments, fissile.----- --".... MARSH (/5%).

moderatelywelI sorted). Dark
gray

lO --- carbonaceousstained.

I I.! -'_i.0-62_5;" Shale, carhonaceous ........ --
brown-black. 2O.'f._.carbonaceous

fragments. CONIItJrNTAL(95%).67 ' 55.o'B1.n(s)' Sandstone (65-100
microns, /fl'{}.30% silty shale in
I/2"-3"beds and drapes. Sandstone

65% ripples, 20% with I mm thick
shale drapes. Trace? of burrows.

64 This unit ts cut out by tidal channel

63 to north. TIDAL FLAT (95%).

_2.5 _I
.0 55.0-59.0(N)'Sandstone (150-200

---- microns, moderate to moderately,
_il --I -" ,.,. --'_")_/ well sorted). Planar tabular 1

60 .__m ____,._ .._.__./_ thick he,ls;Flow toward 80-14n_.
---. ......._......... Trace of sand filled hurrows. This

59 ------ ,,_,,_'_ r"-7 j --/ unit erodes tidal flat In Unit 11.
---- _"" "" Located _0' N of 55' on Measured

.5 53,0-53.5'Sandstone (125 mlcro,s,
-"*'_""'"_'--'__ _ moderate sorting) ihfn (2") hods

40"_oysters. TIDAL CIlANNELFILL(ln'_).

53.5 .t3 44.0-53.0' Sandstone (125-15f1
" microns, moderately sorted). Swaley

medium troughs. Slightly defor,,ed
and Fractured. Fracturing and

.;I __ sJlght bending (soft sediment?)50. onscure most bedding and la,nln_tion

Fill of cuts co,mnonly parallels 1-2"
---- _ _ thick laminated swaley beds. llave

deposits fillingchannel7 Trace nf
white clay fragments. MIDDLE
SHOREFACE (70%).

14 _ thick. Top eroded•

' 41.0-43.0' Sandstone (175 microns,

43 ---- "" _'_"__''-""'_ moderately poor sorting). Irreg,ilarly
----I tmrtzontally hedded; Internallydeformed to horlznntally laminate.i.

41 • _ _ Top (I.7'mass|vr_. 3% ny_ters. 25'
40 • , _"_' wide. rtlltnq nf uppnr part nf

_.... tidal cth_nm:I. TIDAL CIIAtlNFL(n_l').
22



FIGURE 12c MeasuredsectionRH-3 AlmondSandstone. SW N'W sec. 8, TI5N, R102W, SweetwaterCounty,
Wyoming. 80 to 120 ft.

Note: Units 21-23 downlap nn
A •

_ _ oyster Tidal Inlet Fill bed thattruncates 50' to south.

120 "-T'I ; ' ' " ' ' ' ' ' ' I , ! , ! ,p t • •

- " ::)" ]I0.0"115,0' Shale, gray, non-

carbonacnousBAY FILL SIIALE(751:).
,._"

6 1• IOD.S-IIO.O'Stltstone, gray, abun-

dant plant fra_,ents. HARSJ!(9ri%).

251rl• IOg.O-IO8._;' Sandstone (150 microns)
I poor sorting, rooted "SPLAY".

liD- !. IO4.O-In8.0'Covered, probably
friable sandstone.

microns)• (Lncal increases in thick-
ness by 1.5' due to channeling).
Oysters up to 60% of sandstone.

I Sub-horizontally bedded to m_sstve.
TIOALC,,A,r,ELLAG(gO,)

---'_-"_ "__ I _ ?g.o-loI.s'Sandstone(175microns.
--- ---. • horizontally laminated (40:).

lOI.5 "-'-I ....,_ _ _ , ! _ 5-10% sand filled burrows. TIDAL

_ CHANNEL?
Inn ,=m ,_, -=_ . ._..___._-

= ,_D /_ 97.O-gg.O' Sandsto,,e(150 microns,qg --... _ poorly sorted). Itortzontal 1' heds.

--I. • • la,ninae.TIDAL DELTA RAFlP(75'_).

_ LllII If" 'l _ _ gS.5-gl.O' Sandstone (lSO microns,

95.5 ---- ._ - ..._--"- _ moderate sorting). Sub-horlzontally
' l -.__._- | lamlnated. TIDAL DELTA SWASH BAR

____--. "=-----

.__ _._.__..._--..__ (7s_)._' o, s,,,o,,o,,,.
g2 _--=_ *-" moderate sorting). Partially..'T"" "_" ) _ rippled, I-2" thick beds• Partially

8_q.O-(l_.O' Covered.

_" ' " -_ 86.5-88.0' Shale, fissile, gray,

sIR of carbonaceousmaterial. BAY FILL
SHALE (Ic;".).

R6.5 84.D-86.q' Coal, hlack, vitreous.
Basal 6" clayey. WAXWIflGCOAL:
HARSH (gnx).

q4 /sI.5-n4.o'Sandstone (/5-I,)r1
microns, moderately well to vlell
sorted). Irregularbedding planes.
Ilassiveappearing, 2n,.rippled.
Sharp upper, gradatlonal lower
contart. SPLAY (/_X).

Rrl
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FIGURE 12d Measured section RH-3 Almond Sandstone. SW NW sec. 8, TI5N, RI02W, SweclwaterCounty,
Wyoming. 120to 160ft.

o• o o | el e

• • • • •

• ) • s •
.,,,me

i

..m

m.m

,,mmu

.m..

mmm

• • • • •

140

137

---- _ .0' 137.0-140.0+Sandstone (150-175)
-- "-'---" microns, moderate sorting)• llhtte.
_-_ _ "-"-" Sub-horizontallybedded and lam-

_ (:2:::, Inated. TIDAL DELTA SWASH BAR (l_:).

_ 12/.5=137.0'Sa,dstone (IO0 microns
130 -- (_ . _ . . at base to 150 mirrons).. 90_,biotur-

bated, IOl ._ub=i}orizontallyla)nln-
at_d. HIDDLE SHOREFACE (95;).

121.5 -- • • .0' 121.5-121.5'Sandstone (125-150
microns). )lorlzontallylaminated•

_. Trace of burrowl,g. HIDDL.ESIlORE-
FACE (gn-.).

124.5
• _) • 0__ _ I15.0-I_4 5 Sandstone (125-150

.-- _ microns, modorate sorting). Trace
i ------- -- "-"" of burrows• Bedding uniform thick-

"_ • • ness (1-3") throughout. (;Dinecut
and ftll: filled with sub-hori;'ontal

-w _ la),inae. It/ave deposit) IIIDDLE
-'I SIlOREFACEIFm_).170 . •
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FIGURE 13a Measured section RG-7 Almond Sandstone. SE SW SW sec. 33, T16N, RIO2W,

Sweetwater County, Wyoming• 0 to 40 ft.

Described by R. 14• Ttllman & R. Schatztn._er
Date: ¢_/18/91
Base of section measured from tenon post

_ approximately 50' north of Itigh_ay 430• riear

south__rnmostoutcropof Rohler's Bar G (Ig_Fl)•

DEPTH and possibly two approxivnateiyN-S faults r.ut

"" 80-130'-+. Heasured interval 216'.
FT M

•-,-,-_ (_ ,-_ tleasuredsection offset 20' to east at q2'.
4(I _ , , , , , t •, _ Traverse chanqed to north at g5'. Offset tn

east at IO5', traverse 135".
_,IudSprings Ranch Quadrangle (7 I/2").

.

• " " 15 23.0-33.c!' Sandstone (115-225

microns, moderately poor to mo,ler-
ately well sorted), rlasslveappnar-

30 fng throughout. Large scale cut
' and fill; cut 3'+. _#on-burrowed?

This abruptly to north; replaced
by sub-horizontally laminated sand-
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FIGURE 13b Measured section RG-7 Almond Sandstone. SE SW SW sec. 33, TI6N, RI02W,

Sweetwater County, Wyoming• 40 to 80 ft.
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FIGURE 13c Measured section RG-7 Almond Sandstone. SE SW SW sec. 33, TI6N, RIO2W,
Sweetwater County, Wyoming. 80 to 120 ft.
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FIGURE 13d Measured sectton RG-7 Ahnond S_mdstone. SE SW SW sec. 33, TI6N, RiO2W,
Sweetwater County, Wyoming. 120 to 160 ft.
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FIGURE 13e Measured section RG-7 Almond Sandstone. SE SW SW sec, 33, TI6N, R 102W,

Sweetwater County, Wyoming. 160 to 200 ft.
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FIGURE 13f Measured _ction RG-7 Almond Sandstone. SE SW SW sec. 33, TI6N, RI02W,

Sweetwater County, Wyomtng. 200 to 240 ft.
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Iii Petrographic, Permeability and Porosity Data

Mineralogical Composition of the Almond Formation

Whole rock X-ray diffraction (XRD) analysis in weight percent was pefforn_ed on five samples from outcrop
RG7 (Table 3). Total carbonate in analyzed outcrop samples ranges tYom less than I to 4%, although visual
examination of additional outcrop samples indicates that some, p:_rticularly oyster-rich beds, may be extensively
calcite cemented, Dolomite was present in the uutcrop sandstones (mean of 0.9%), Fetroan dolomite was present
only in some subsurface satnples, particularly those that were the most tightly _.etnented, A comparison of
framework composition, mineralogy and _rain-size in outcrop and Patrick l)raw field subsurface samples is
presented by Sehatzinger et al,, 1992,

'the total feldspar content of Patrick Draw sandstones averages 4.8t;; based on our data, and is in close
agreement with 5% determined by Keighin et al,, (1989). In addition, otlr data in Table 3 indicate that there is about
twice the feldsp_trcontent in oulcrop Almond sandstonesas tht_sefrom Patrick IT)rawfield. Thin sections indicate
that both in outcrop ,andin the subsurfaceconsiderable detrital feh.lsparhas been removed by dissolution and some
has been replace by carbonate minerals, Potassium feldspar {donlin_mtly orthoclase) is more comnmtl in upper
Almond sandstones at depths less than 6,0()0 ti in contr/,Ist to plagioclase feldspar, which is nlore COlllnlon in the
more deeply buried upper Almond sandstones(Keighin el al,, 191,10).Table 3 also indicates that, although there is
more feldspar in outcrop Almond sandstones,the proportion of orlh_clase to plagioclase feldspar is about equal in
both outcrop sandstonesand th_sefrom Patrick l)raw field.

Keighin el al., (1989) found a mean value of I8'_/_, total clays from sandstones buried 4,500 to 7,()()()t't. Our
XRI) data (Table 3), however, indicate a mean ot' only about 3.69_ total clays l)'onl Patrick I)raw reservoir
sandstonesand 2.25; from outcrop Altnond sandstones. These values aregenerally less than thosederived from log
analysis imean of 7-8';_ ) of LIA.5 reservoir sandstoneat F'atrick Draw t'ield. This discrepancy may he explained
partly by the selection of a relatively small number ot' "clean" samples for XRD analysis, which may not be as
representative as the "average" values determined by log analysis. Additionally, the anlOUntof clays and carbonate
cements varies greatly ml the scaleof a few millimeters to a few inches, i,og-derived clay values may, therefore, he
expected to indicate generally more clays than those determined by XRI) analysis in this highly heterogeneous type
of ti_rmatiem. The mean clay content tbr shallowly buried upper Alm_md sandstones given by Keighin et al,, (1989)
was based on 46 samples collected from over nluch ot' the Greater Green River Basin east of the Rock Springs
Uplift. Only five of thosesamples were ti'om Patrick Draw field.

Pointcountdatafrom 12thhlsectiunsofsamplesl'romPatrickDraw fieldindicatean averageof7.tY_total
clay, which is in generally close agreell|enl with our log-derived values. Therefore, _ur l_etrographic and wireline
log analyses indicate on average lessthan half of the total clay content for reservoir sandstonesat Patrick Draw field
than Keighin el al., (1989) found based on widespread subsurface data lbr the Ul_perAlmond Fornlatiun,

Two other important constituents that may acct_unt for the generally h_w average pernleahility of reservoir
sandstones at Patrick l)raw field are rock fragments and carbonate cement. ()f 12 thin sections analyzed, the
average rock I'ragment content was 16.I'.,_. ()he-third to one-half of the nwk l'raglnents are of the fine grained
sedimentary type with some recognizable metamorphic and igneous tpossihl) vok'anic)types. The type.,,_i' rock
fr;igmenls are important because sedimentary fragments and altered volcanic fragments are ductile to extremely
ducti[e(Piltman and l,ares¢, 1991). Obviously, the greater lhecontenlofduclile rock fragmenls, lhe greater the
lmlentiaJliarCOlllpllclionalldreduction_I'tilereservoirporei|ndlhloilIsyStelll.The averageIt)tillcarbonatetensest
frompointtousledthinsectionswas 15.I_;'_,withexlremevaluesofIt.I)and41.5_,_.,';uchabundant),elvariable
_iInountsOf carbonatecementcouldhave_ significanteffect_rlthereserv_firrockquality.ItisllOtvetknown
whethercalciteordohmiiteismore imporlanlwithrespecttor_elroI'_hysicalIm_Iwrtiesbecausethedolomilelcalcile
ratiovarieswidelyfrom 1:93l_asmuch as25:1.

Keighinelat.,(1989)foundthalkaoliniteisthemostabundanlclayintheshallowreservoirsandstonesand
that the abundance of kaolinite decreases with increasing deplh of burial. Kaolinite is generally not present in upper
Almond sandstones buried greater than 9.()()()ft. Keighin et al,, (I 989),'|lso reported lh_.|t chlorite was not present in
any sandstone samples, that illite clays dominated the clay t'ractitm beh_xv9,()()()ft, alld included discrete illite and
illite/smectite, lllite/smectite is oI the ordered variety and contains less than 25+>texpandable layers. Very little
smectite is present in either sandstones or shales. Keighin et al., (ib_xg)concluded that even upper Almond rocks
that are now at depths as shallow as 4,5()() ft may once have been buried lt_ depths where the temperature exceeded
212 _ I-, or may have experienced a heating event.

Our mineralogical analysis of the upper Almond sandstones (Table 3), both from outcrop and from Patrick
Draw field found the same suite of clay minerals as was reported by Keighin et al., (1989). XRD analysis of our
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saml__s indicates that kaolinite is the dominant clay mineral present in reservoir samples and is about equal to
mixed layered illite/smectite in samples from the outcrop. Chlorite was not found in anyof the samples,

The essential frameworkcomponents of sandstonesarerecalculated to 100%and plotted on a quartz-feldspar-
rock fragments (Q-F-R) diagram (tig, 16). Almond reservoir sandstonestend to be sublitharenites, litharenites, and
feldspathic litharenites low in quartz. SubsurfaceAlmond sandstonestend to have a higher average quartz content
than the outcrop Almond sandstones,Almond outcrop sandstoneshave a higher feldspar content than many Almond
reservoir sandstones.

Grain Size and Sorting (Almond Outcrop)

Grain size and sorting (standard deviation of grain-size) were determined from analysis of 30 thin sections
from outcrop core plugs by petrographic image analysis. At least 300 point counts per thin section were made.
Statistics of the point count data along with permeability and porosity measured from the l-inch diameter core plugs
are listed in Table 4, Analysis of grain size is important in determining the degree of depositional similarity between
the outcrop and subsurface rocks, as well as in distinguishing reservoir rock types and their relationship to
depositional and diagenetic facies. Subsequent correlations between grain size, pore size distributions, permeability,
and other petrophysical properties will be an important component in defining the flow units within the reservoir.

Grain size in sandy facies from the Almond Formation ranges from coarse silt to fine sand (30- 225 microns),
Grain size distribution among combined Almond outcrop and subsurface data fldls into two groups (fig, 17), These
include a fine-grained group comprising tidal creek and tidal flat facies and a second, relatively coarser-grained
group, comprising all of the other facies, Among the coarser-grained group of facies, middle shore(ace and some
tidal delta samples tend to overlap the finer-grained facies group,

Comparison of mean grain size distribution t_r facies that are present in thin sections from both the outcrop
and the subsurface (fig, 18)indicate that tidal channel grain size distributions are similar, Outcrop tidal delta
samples tend to be coarser grained than their subsurface counterparts, as do tidal creek and tidal inlet samples
(although there is only a single subsurface tidal inlet sample). Although only data from subsurface samples i,_;
available, tidal flat mean grain size areconsistently liner than all other facies,

A good measure of the sorting of framework grains within sandstone is standard deviation of the mean grain
size, Higher values of standard deviation reflect less well sorted samples. Comparison of the distribution of outcrop
and subsurface Almond sorting data (fig. 191 is similar to that for grain size t'¢_rrespective facies. And, as with grain
size, corresponding facies in outcrop and subsurface appear to have somewhat different ranges of sorting values, A
possible explanation may be found by looking at the relationship between mean grain size and sorting.

A cr_ss plot of mean grain size versus sorting for the entire Almond data set (fig, 20) shows a linear
relationship with a high correlation coefficient (R = 0,95) and this same general relationship exists for outcrop as
well as for subsurface data sets (figs. 21 and 22), The g.eneral _.rendof increasing grain size with decreasing sorting
may represent a fundamental relationship created by the greater availability of a wide range of grain sizes for the
coarser samples, The tight cluster of data around the best fit line is an indication of the overall good sorting created
by tidal processes which dominated deposition of many (_1'the Almond facies, More poorly sorted sandstones,
particularly those from medium to coarse-grained samples from other deposilional systems (such as fluvial sands),
might be expected to show a much greater divergence from the best fit line us one proceeds toward coarser grain
size, Further work, however, would be necessary to confirm such a relati_nship,

Almond Formation grain-size and s_rting data are clustered in facies-dependent groups which are, in turn,
somewhat different tot subsurface and outcrop samples (figs. 21 and 22), Samples from the subsurface at Patrick
Draw field may be divided into two groups, In the first group, tidal delta, tidal channel, and tidal inlet facies have
coarser grain size and poorer sorting. In the sectmd group, tidal flat and tidal creek facies have finer grain size and
better sorting., Some tidal delta data overlap the second group, as does a single point from the tidal channel facies,
These relationships are _enerally expected because the tidal channel, tidal inlet, and tidal delta facies were deposited
in higher energy setting than were the tidal flat and tidal creek facies.

There is a wide range of energy across the tidal delta, which could account for the overlap with the finer
grained samples. Most of the sediments in tidal channels, tidal inlet, and some tidal delta locations would be moved
during tl_e period typified by greatest tidal currents, This, in turn, tends to remove the fines and may create lags of
coarser materials, Flow across tidal delta ebb shield and asymmetrical oscillating lower energy tidal flow on tidal
creeks and tidal flats tend to better sort out finer sediments, Fine sands in the case of most tidal deltas, and very fine
sand, silt, and mud in the case of tidal flats are concentrated in the low energy facies (Nichols and Biggs, 1985), On
flood tidal deltas the higher sandy portions (ebb shields) are usually coarser than the lower flood ramp areas
(DaBoll, 1969),
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Data from the Almond Formation outcrops (fig, 22) can also be divided into threegroups, Tidal inlet fill and
tidal della facies consistently contain the coarsestand least sorted (greatest standard deviation) sands while middle
shoreface, tidal creek and tidal channel facies contain the finest sandstoneswith the best sorting (lowest standard
deviation) A poorly-defined g_oupof data from swash bar and oyster bed facies generally contain intermediate
grain size and intermediate standard deviation values, The association of outcrop tidal channel sandstones with the
finest, best sorted samples is generally the opposite of Ihe relationship noted in the subsurface Almond l::ormalion
data, but is more like the relationship defined in the Parker River Estuary, Massachusetts (Da Boll, 1969), It should
be noted that there is virtually no overlap, however, between the tidal channel data and that from the middle

• shorefllce and tidal creek sandstones. It may be that tlu_relative grain size and sorting of tidal channel sandstones in
shoreline barriers i,_;related to the tidal energy flux, sources of salld, and channel configuration, all of which may
differ between various barriers. The grain size and sorting relationships of the subsurface Almond Formation appear
to be more like those exemplified by the modern Georgia coastal barriers, while those of the outcrop Almond
Formation appear to be more like those of the tidal sand_ from the Parker River Estuary, Massachusetts.

For all facies that were recognized in both outcrop and the subsurface, the grain size and standard deviation
(sorting) "field" values overlap; however, outcrop samples from the tidal delta and tidal inlet till facies all li ,_among
the coarsest and least sorted overall values, outcrop tidal channel samples are among the finest and best sorted
overall values, and outcrop tidal creek facies occur in the middle of the overall data set. Because the measuremenls
were from framework grains, most of which are quartz, it is unlikely that the differences between outcrop grain size
and sorting are related to different diagenetic histories. Rather, it seems more likely that there were differing
intensities of similar processes operating on similar but not identical grain populations in the present Almond
Formation outcrop and subsurface (UA-5) shoreline barriers.

Differences in facies grain size and sorting between outcrop and subsurface samples may result, in part, from
the spatial distribution of the samples, The subsurface samples were taken from wells over an about 8 square mile
area, whereas the outcrop samples are from two outcrop exposures located approximately 4 miles apart. The
samples from the outcrop exposures may represent more local conditions while the subsurface samples may
represent more average conditions over the barrier system.

Grain Size and Porosity

Porosity data measured from l-inch diameter cores drilled from Almond Formation outcrop RG profile 7
(RG7) and outcrop RH profile 2 (RH2) is presented in Table 4, Facies interpretations are given t'or each sample
depth.

Outcrop samples tend to have greater porosity (generally between 24 and 33%) than samples taken from the
subsurface at Patrick Draw field (generally less than 24%) (fig. 23). Comparison of reservoir and outcrop
permeability vs. porosity scatter plots (fig. 24) indicates different trends for subsurface and outcrop data. Outcrop
rocks in general tend to be more porous and permeable than subsurface rocks, and this relationship becomes even
more obvious when the data are examined on a facies by facies basis. The consistently better permeability and
generally better porosity of outcrop rocks from the same facies indicates that although outcrop samples are distinct
from the reserw)ir samples, the petrophysical properties of outcrop samples have all tended to move in the same
general direction (relative to porosity and permeability),

When examined individually, tidal channel, tidal creek, middle shoreface, and the oyster bed facies each have
a well established relationship between porosity and permeability, in addition, outcrop Almond sandstones from
various facies show an obvious trend between increasing porosity and increasing permeability with a high
correlation coefficient (R = 0.91 ).

If the six very low permeability subsurface data points in figure 24 are considered separately, it becomes
apparent that permeability is independent of porosity for subsurface samples taken together as a group. Because the
six very low permeability samples were the result of abundant detrital clays or very abundant calcite cement they
appear to rellect different depositional and/or diagenetic processes as compared to the rest of the subsurface samples
and probably should be c_;nsidered independently. Because of the apparent overall lack of dependence between
pet sneability and porosity in subsurface samples, it may be difficult to apply outcrop-derived petrophysical
properties to the reservoir units at Patrick Draw field unless the data are examined on a facies by facies basis.

Because of the high correlation between grain size and sorting discussed above, scatter plots of porosity
versus grain size and porosity versus sorting (standard deviation of grain size) show similar but highly overlapping
facies distributions. Subsurface tidal creek and tidal tlat facies, however, consistently tend to have lower porosity,
finer grain size, and better sorting than tidal channel and tidal delta samples. Outcrop samples from tidal channel,
middle shoreface, and tidal creek facies tend to be slightly less porous, have finer grain size, and better sorting than
exhibited by swash bar, tidal delta, tidal inlet, and oyster bed facies. A linear relationship does not exist between
porosity and grain size or porosity and sorting for either subsurface or outcrop samples.
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Grain Size and Permeability

There is virtually no overlap between the permeability of Ahnond outcrop samples (fig. 25) with those from
the UA-5 sandstone at Patrick Draw field, the outcrop samples having greater permeability. Because of the small
number of outcrop samples analyzed and the absence of swamp, tidal flat, and lagoonal facies in the outcrop data
set. it is difficult to draw further conclusions abnut the distinction between outcrop and subsurface facies based on
permeability distributions alone.

Because of the close relationship between grain size and sorting (standard deviation of grain size) mentioned
above, the scatter plots of permeability versus grain size and permeability versus sorting are very similar. For
samples from which thin sections were made. data from these same scatter plots are clustered into facies dependent
groups. Outcrop middle shoreface and tidal channel data tend to be finer grained, better sorted, and slightly less
permeable than outcrop tidal delta, tidal swash bar. and oyster bed facies. Subsurface facies grain size and sorting
appear to be independent tff perlneability if the same very h_w permeability ,,,amples are treated as a distinct group,
as discussed for :he p_rosit_ ,,ersus permeability scatter plots ab_e.
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TABLE 3

Whole rock x-ray diffraction analysis in weight percent, for samples from the upper Almond in Patrick Draw field
and Rock Springs Uplift outcrops. Numbers in outcrop ID number correspond to measured section depth. (After

Jackson et al., 1993)

o

Strat.

Well Depth, ft Interval

7-18-1 4,945 UA5 61 4 4 - 21 - 3 3 - 3 1 tr
45-14-3 4,450 UA5 5 - tr - tr - - 93 - 2 tr tr
78-14-6 4,305 UA5 78 2 3 5 tr 2 ! 5 - 2 2 tr
49-1-3 4,615 UA-6 69 - 2 10 15 - 1 1 - 2 2 t

Arch 120 4,942.4 UA5 52 1 2 1 - - 4 36 - 2 1 1
4,944.6 UA5 66 3 3 19 - - 2 3 - 3 1 tr
4,948.7 UA5 82 2 4 1 - - 3 4 - 3 1 -
4,949.5 UA5 88 3 3 tr - - 1 1 - 3 1 tr
4,962.4 UA5 91 3 2 tr - - tr tr - 4 tr tr
4,962.5 UA5 86 3 4 - - tr 2 tr - 4 1 tr
4,966.5 UA5 85 3 2 4 - - 3 tr - tr 2 1

Outcrop Samples
G7-26B 89 2 3 3 ...... 1 1 --
G7-47 95 1 2 tr - - - tr - 1 1 -
G7-91 83 5 8 tr - - - tr - 1 1 --
G7-174 89 4 4 tr ..... tr 2 1 --
G7-191 90 3 4 1 - tr .... 1 1 --
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FIGURE 16 Ternary plot of quartz-feldspar-re,ok fragment composition of outcrop and subsurface Almond
Formation. (Alter Schatzingerel al., 1992)
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FIGURE ! 7 Grain sizedistribution R}r combined oulcr{}p and subsurface facies in the Almond Formation.
Boxes representthe secondand third quazliles, whiskers indicate rangeso1"data to 5th and 95th
pcrcenliles, circles indicate dala outliers beyond the 5th and95th percentiles, N represents number of
_amplesin each classo1'data. (After Schatzingerel al., 1992)

250L ' _ ' i ' i ' l ' t' ' i ' ' I ' i ......_ i ' I '
OUTCROP SUBSURFACE

O 200

_ 150 = N=4
CO

Z N_.._ N=3

< _ N=11
100 _4=7 [_]_]_]¢,.9 O

Z N=2
O

50 N="

! N=5
0 , ....l , I , I , 1 , 1 , 1 A l , I , I , I , I , ,

1

FIGURE 18 Comparis{}n of outcrop Lindsubsurfacegrain size distribution for various facies in
the Almond Formation. For explanation o1"symhols seeFi#ure 17. (After
Schatzin_er el al., 1992)
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FIGURE 24 Natural log of permeability versus porosity for outcrop and subsurface Almond
Formation. (After Schatzinger et al,, 1992)
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FIGURE 25 Comparison of subsurface and outcr(_p permeability distribution for Ahnond facies,
For explanation of symbols see Figure 17, (After Schatzinger et al,, 1992)
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IV Fracture Azimuth Measurements

The lack ot' infi)rmation (m fracture characteristics in Patrick Draw t'ield and the role of natural fractures in

hydrocarbon production prompted the study of Iracture distribution (orientation, continuity, and spacing) in the
outcrops of ihe Upper Almond l:ormalion on lhe east fhmk of the Rock Springs Uplift, Measurements of 918
l'racture azimuths t'rom outcrops RG and RH were taken (fig,2fit. Fracture azimuths were measured at three m_Ljor
sandstone horizt)ns along lateral distances of N00to I,SIX)ft. Tile approximate vertical continuity and lateral spacing
were also recorded, Obvious weathering or gravitatitmal fractures were eliminated t'rom the record. Indications ot'
minor faults were observed in a few cases. Fracture azimuth distribution accordin_ t() facies is presented in figures
2%3(),

The predominant major i'raclures in studied outcrops are usually vertical ()r near vertical and lend to cut lhe
entire sandstone sequence formed by the same sedimentary process (facies) ¢)r several facies, at vertical distances of
several feet Io tens ot' feet. The fractures tend to die out in siltstone and shales such as htgoonal or bay facies but
may re-appear in the under- or overlying sandstone sequences. Minor sels of fractures usually cut all individual
sandslone layer at a vertical distance of several inches or a few feet. The spacin_ of m@)rfraclures vary greatly
I'roln a couple ot' feet Io tells of feel, while minor t'racturespacing usually varies t'l'onl inches to a few feet.

Outcrop fractures are exposed to atmospheric conditions and are predominantly open, although calcite or
_yl')Sum fillings also were occasionally observed, The abundance of well preserved shells in the upper Almond
deposits which are COlnmonly observed in the outcrops, the two cores t'rom holes drilled behind the outcrops, and the
cores fron) Patrick l)raw field, provide evidence tllat at the time oi' deposition and tlurJl)g post_tlepositional history
the sediments were exposed to t'()rnmtiorl fluids in thermodynamic equilibrium or oversaturated with respect to
calcite and p()ssihly dolomite. This leads to tile c()ncJusit)n thal the rock matrix, as well as l'ractures and faults in
subsurt'ace, might have been subjected It)extensive cementati()n or sealing. Engineering processes, however, such as
acidizalion()fwellsand llo()dingwithwaterinc())nl)aliblewith()ri_inalformali()nl'Juidscoulddissolvethe
precipilale,Plannedinjecth)nofcarbondioxidetostimu!aleoilHow certainlyw()uldmagnifythedissolution
process. Also, the hydraulic fractures lend to develop along completely or partially sealed natural fractures and may
re-open the original channels t_)lh)w. The geochemical and engineerin_ aspects oi' the Alm()nd Formation reservoir
strengthentheimportanceofMutJyill[ZnaltlraIfi'acltil'esinthesystellltopredicllhefluidflowpatterninPatrickDraw
field,

There are two )mtjor sets of fractures characteristic for all ()utcrt)ps in tile studied area', 2(Y"to 80" and I I(Y_to
16()__. ('Omlmtetl mean orientation t)l' the prevailing set INnear 13()<',while tl)e 059_: ct)nfitlence interval is about
23"(fig. 26). The tlitTerentiation between the systematic and n()nsystelnatic joints has not been attenlpled at this
stageof the lraclure study ill the Almond outcrops, Typically, the greatest local ()r regional permeability would be
ah)n_ the systenlatic joints (Kurlantler el al,, 1901). Therefore, the rose diagrams of cumulative fracture frequency
)nay n()l adequately reflect the j)referential directions ()f lluitl flow suggested by orientation of the h)nLzerrose petals,

The oi'ielllatiOllof nleIistiI'edfracturesetsinoutcrt)l:_SIllldthe calculatedllletillSvary somewhat i,llllOn_

santlsh)nehorizonsand amon._imlivhhmloulcropstotaledone Iothreemilesapart(tip,27), In most cases,
however,thetwo nearlyperpendiculardireclionsoffractures,i,e,,3()_'to4()'_and 13()"Io14()°definitelyprevailin
m()sl ()f the outcr()ps sludied and in lhe individual sandstone I)orizons (figs,26, 27 and 28).

()rientation of dolnJnanl fraclures in nlosI ()I" the studied otitcr_)ps and Sarldstolle hol'JZollS does not correspond
well with dt)lllJllanI l'atllI direclions and ori(:ntations ()f some l_h()tolincar featu)'(.,_(7()" It) 80 ':)))napl')ed in Patrick
l)raw lield area ({;reer el at., 19N7; Richeu's el at., 19N2) and in the Almond outcrops h)cated north of the ones
studied. It does correspond, however, with dominant fault directi()n,_ (.I()'_I()4(V) ()n the crest ()f the r()ck Sp)'in_s
tIplift, west and m)rtllwest of measured outcrops as shown on the (;reer et al., (I 9N'7)real').

l:ewfracturemeasurementsfrom outcropslocatedm)rthah)nBtheRockSpringsI.IplifIindicaleaprevailing
orientationof6(Y'I¢)7()':'whichisI'ah'lycI()set¢)lhedominantfat)Itdireclh)ninthesludyarea(70"It)14(Y')(I'i_4,2%),
Surprisingly, l'racttlre sets nleastlled in sandstone bodies overlying bar G in outcrop R(I (e, _, "White Sands" fig,
29b), as well as lhe "Wtlite Sands 2" anti "Major While Sands" (fi B, 3()a)exposed norlh and n()l'lheastof otllcl'op
R(], reveal Iwo I_redolnjnanl fraclure orienlalions of 13{)'_Io 160" and near i)erpendicuh|r orienlalion o1'70" It) N()_.
The latter coincides wilh dolninanl fault directions in Palrick Draw field and in _ltijacL'nl outcro1)area Iiorth ot' Ihe
study area slutlied by Van Horn(1979).Similarfracltlreorienlati()nswere revealed in santlstt)nes underlyin_the
)l_arine sequence of the bar (J ill outcrop RH (fig. 3()b) which may beh)n_ t_) the l.ower Almond (continental)
setlimentary sequence. This indicates a possibilily that the I)redominantly marine sedimentst'()rminp bar C;migllt
have been suhjecled h) a differenl fra¢lurin_ epis()de of !he l,aramide orogenesis than lhe older and file youn_er
setlimcnts,

Fracture characlerislics from oulcr()p R(I may nol be a _t)od analog, for fraclure characle)'islics in l)atrick
l)raw reservoir horizons, They may apply even less to the Arch Unit in the m)rthern part oi' lhe field. The reason is
Ihat the oulcrt)p area sludJed and Patrick Draw field belong to differenl teclonJc bh)cks oullined by dolnain
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boundariesof thepredominantorientationof systematicfractures,Therealsoisa possibilitythatthetwoareaswere
subjectedto differentfracturingepisodesresultingin generationof differentiatedpatternsof the superimposed
fracturesets.
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1"6utcropsRO_R-Hmnd-VHO-_ldata-
a. I N = 923 cumulativeLength_O0

I ClassInterval= 10degrees
I MaximumPercentage= 19.1
I MeanPercentage= 5,56
i SlandnrdDeviation= 4.07
I VectorMeans= 309.5
I_nt Ang__t1_74

b. OutcropR6.alidata N =422 CumulallveLength= 00N =434 CumulativeLength= 0_0 C. outcropRH-alldata
ClassInterval_:_10degrees

ClassInterval= 10degrees MaximumPercentage= 15,4
MaximumPercentage= 22,1 MeanPeracenlage= 556
MeanPercentage= 5.56 StandardDevi_dlon= 386
StandardDevlallon=4,75 VectorMean=2977
VectorMean= 315.9 ConfAngle= 20.22
Cont,Angle= 1391

FIGURE26 Rosediagramsof fractureorientationsandrelatedstatisticsfor:a) alloutcropsmeasuredin this
study;b) allsandstoneintervalsin outcr¢_pRG;andc) all sandstoneintervalsin outcropRH. (After
Scha_.inger,ct al., 1992)
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a o,_rop,a_y;t,,_e.d -' N=,232 CumulativeLength=0.0
Class Inlervai= 10 degrees
MaximumPercentage= 18,1
Mean Pementage = 5,88
StandardDeviation=,4,35
VectorMean = 334.3

.....co_.Ano_a-2o.2. _ _

IoutcropRa.TId,,IChannel-- ---i
b, 0utoropRO-Reeurvedendllhorefaoe 8pit C. I N = 125 CumulativeLenglh= 0,0 I

N =32 I Class Interval= 10 degrees I
Class Interval= 10degrees I MaximumPercentage,=16.0 I
MaximumPercentage=62,5 I MeanPercentage= 6.25 I
Mean Pementage= 14.29 I StandardDeviation= 5,07 I
StandardDeviation= 21,50 JVectorMean =2599 I
VectorMean =315.7 [__Conf.Angle= 16.13 J
Conl.Angle= 28,06

FIGURE 27 Rosediagramsof l'racturcorientationsandrelalcd statisticsfor various l'aciesin outcropRG: a)
Oyster Bed;h) RecurredSpit andShorcfacc;and_:)Tidal Channelt'acics.(After Scha_inger¢l al.,
1992)
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_outo_pRH3:Fi'_TlUaiD,.a,
a. Tidal Inlet, and Tidal Channel

N ==116 CumulativeLength= 0 0
Class Inlerval= 10 degrees
MaximumPercenlage-- 207
Mean Percentage= 625
StandardDevlallon= 4.88
VectorMean =297.7
Cont, Angle=40,32

b.-0utorop RH-Tldal Channel -- -Tidal Delta C, outorop RH-Tk:III Flat and Tidal Channel
N = 105 CumulaliveLength= 0.0 N = 66 CumulativeLenglh_ 00
Class Interval= 10degrees Class Interval_:10 degrees
MaximumPercentage= 25 7 Maximum Percentage --.167
Mean Percentage=6.67 Mean Percentage_ 667
StandardDeviation= 7 01 Standard Deviation=4 70
VectorMean =304,3 Vector Mean = 44 8
Cont. Angle= 25 19 Conl_Angle_ 48 59

FIGURE 28 Rosediagram_of fractureorientali(ms and related statistics I'orthree majorsandstonefacies in
outcrop RH: a) Fl(xxl Tidal Delta,Tidal Inlet and Tidal Channel; b) Tidal Channel and Tidal Delta;
and c) tidal Flat and Tidal Delta. (After Schatzinger et al., 1992)

50



I I'O_ropRG-Wh.oS,nd=_o

Outcrop VHS-?Tldel Channel b. IN = 25 CumulativeLength= o,0a. N = 5 Cumulative Length = 0.0
Class Interval= 10 degrees [Class Interval= 10degrees
MaximumPercentage= 100,0 lMaximum Percentage= 320
Mean Percentage= 100,0 ]Mean Percentage= 14.29
StandardDeviation= 0.00 IStandard Deviation= 9,11
VeclorMean = 660 {VectorMean = 3117
Cont. Angle = 7.10 , ]Cont. Angle= 25.80

FIGURE 29 Row diagrams of fracture orientations and related statistics in: a) outcrop VHS; and b) "white sands"
overlying bar G in outcrop RG. ('AfterSchatzingeret al., 1992)

ABOVE Outcrop RG.Whlte Sandstone Ia. b. IOutcrop RH-?Lower Almond[N = 73 CumulativeLength= 0.0and Major White Sandstone

!

lClass Interval= 10 degrees
N = i ; CumulativeLength=O0 ]Maximum Percentage= 17.8
Class interval= 10 degrees I Mean Percentage=6,25

StandardDeviation= 5.11
MaximumPercentage= 38.4 j Vector Mean =2951

Mean Percentage= 16.67 IConf. Angle = 27.42StarK:lardDeviation= 10.13
VectorMean = 2950
Cord Angle= 215 82

FIGURE 30 (a) Row diagram of fracture orientations and related statistics in: a) White Sandstoneand Major
White Sandstone northeast and north of outcrop RG; and b) sandstone (?Lower Almond) underlying
the marine _quence of the Upper Almond in outcrop RH. ('AfterSchatzinger et al., 1992)
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sequences of petroleun| reservoirs. SEPM Core Workshop No. 8, GoMen CO, 252 p.

Weimer, R.J., 1960, Upper Cretaceous stratigraphy, Rocky Mountain area: AAAPG Bulletin, v.44, p 1-20.

Weimer, R. J., 1970, Rates of Deltaic Sedimentation and lntrabasin Deformation, Upper Cretaceous of
Rocky Mountain Region. i, Morgan, J. P., ed., Deltaic Sedimentation Modern and Ancient, SEPM, Spec.
Pub. 15, p. 270-292.

White, E. J. O. C. Baptist, and C. S. Land, 1963, Physical properties of the AIm_nd sands in the Patrick l)raw area,
Wyoming. U. S. Dept of the Interior, Bureau of Mines, Report of Investigations, p. I- 19.
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APPENDIX A

GREATER GREEN RIVER BASIN INCLUI)ING I'ATRICK DRAW FIEI,D

This annotated bibliography on shoreline harrier deposits within the Greater Green River Basin is extracted
t'ron_a larger hihliography on shnreline harrier deposits (Rawn-Selmlzinger and Sehatzinger, 1_993). The emphasis is
cm Ihe geology, dynamic processes and hydrocarbon recovery _t' harrier islaml reservoirs.

The (r}reiller Green River Basin is a large area in southern Wyemling, n¢_rthweslern(?¢dorad¢_and northeast
Ulah. The basin is hounded on Ihe wesl by the Wyoming Thrusl Bell and on Ihe north hy Ihe Wind River Thrusl
Bell. The easlern houndary is l'¢_rmedby lhe Sierra Madre and Park Range uplifls. The soulhern houndary is the
Axial Basin Uplifl and the Uinla Mountain Thrust l:aull, l:ive smaller subbasins wilhin lhe (h'ealer Green River
Basin include; l-loback, (ireen River, (ireal l)ivMe, Washakie and Sand Wash. Slru¢iura] fealures wilhin lhe Grealer
(ircen River Basin lhal separatethe individual basins arc the Rock Springs tlplifl, M{_xa Arch, l.al3arge l'latl¢_rm,
Pine&de Anlicline, WanJsuller Arch and Cherokee Ridge. The areacuvers m¢wellmn 5 I,()()0km2 (l,nw, 19N4),

Rocks in these areasencompassCamhri,m lhmugll Terliar._ sedimentary depusits. ('haraclerislic fill includes
Permian age l_husphoria I:ormation, Triassic-Jurassic Nug'g¢ll Formation, Upper ('retill:e()tls Mesavenle (imUl_ and
equivalent agerocks lopped in s_mmareashy lhe PaleoceneI:¢_rlUnion l'or;nalion and l:.ocenedeposits.

Anmm., 1973,Oil ('haraclerislics in the (irealer (h'een River Basin: Wy_mlint.z[_e¢_l.Assoc. (iuidebo¢_k, 251hI::iehl
Conf., p. 12- IN.

Tables give fiehl name, ]ocatJoll (tnwnship and range), county, formation, depth, numher of wells, c_lor of
setlime',ts, AI)I _il gravity, viscc)sily, and l]ercenl;,iges of SLllI'tlr, c;.ll'b(mate, and llilr¢}_en, CUllltllative _)il, and
Ctlllltllillive _I.iS Im_duction.

Arp, (;. K,, 1992, An inle_2raledinlerprelaliml fur lhe _,rigin _1'lhe Palrick Draw ¢_ilfiehl sage anumaly: AAP(I
Bull. 76, no. 3, p. 301-3()6.

l_,em(flesensing t_mthodshave heen used at Patrick l)raw l;iehl, Wyuming l_r nearly I() years. Patrick l)raw
is a slraligraphic trap. The surface is c_wered wilh ,,,a_ehrush. Rell|ole sensing has delected an amm_aly in the
growth of the s_tge_werPatrick Draw. The contn_versy is whelher this anemnily, first ohserved in 1978, is relaled l_
lhe underlying _il fiehl. Sage tlie-uul resulls I'ro_nlhe upward _igratiem _t in jecled gases and w_Jler. The suil
hec¢m_eshigh pH, high in salinity, and toxic to the sage.

Asquith, !). ()., 19h6, (ie_h_gy _t' I,;.lle ('lel_.lCe()l.INMesaverde and Pale_cene Iq_rl [lni_m _il produ¢li_m, Birch
Creek, Suhletle Counly, Wy_m_ing:AAPG 13ull.,v. 5(),p. 2176-2184.

Soulh Birch Creek is h_caledon Ihe l,a Barge Arch in weslern (ireen River Basin, mwlhwesl of lhe Rock
Springs Uplift. I1 is parl of lhe Big Piney-l.a Barge pruducing conq)lex. The ch_seass_cialion of _il and m_sl of lhe
gas l_nu.luction from the Pale_cene l:ort Unicm shalesStlg_eslsIIlIll this shale is the s_tll'Ceof hydrocarl_(msl'_r the
associatedreservoirs. Chine associalion _f production in Mesavertle reserv(firs with an unc(mf_wnlity al_()veil ,:_1tile
overlying shale, ahsence¢)1'distinct chemical differences in (ills between ('retaceous and I)ale()cenereserw)irs, and
lack uf signilicanl im_tluclion from areas lacking ¢)rwilh p¢_orlydeveluped i'ale_cene shale suggesls Ihal lhe source
_)1"hydroearhems produced from Mesaverde reserw_irs may he lhe Pale¢_cenelacuslrine shales rather than lhe
underlying Cx'elaceousnmrine shaleand sillslune.

Asquith, !). O., 196N,()rigin of large kaolinite cryslals in Ihe lower Almond l:¢umaliem in soulhwesl Wyem_ing:
.hmr. Sed. Petrol., v. 3N,p. 948-949.

I,arge km_linile heu_ks,up Io 3-ram in diameler lrmn near Rock Springs (WY) are presenl as a I-3 in.
under¢layin the h_wernonmarineportion_ttheAlm_md. (;rain size, crystallinily, and lack of ahrasion of lmoks
indicate tliagenetic rather than detrital origin.

Asquith, I). 0., 1975, Petr_leum potential of deeper l,ewis and Mesaverde sandst_mes in the Red I)esert, Washakie
and Sand Wash Basins, Wyoming and Colorado: RMA(I Syml_osium, p. 159-162.

Almond (Upper Mesaverde) w:_s(lep(_siled during a I(_calregressi_m in the uverall transgressi_m _1'the marine
I,ewis Shale over lhe Mesaverde. Produclion trend includes Palrick Draw, Table Rock, and l)eserl Springs fields on
Ihe western tlank of the Washakie Basin and Red l)esert Basin.

Baptist, (1. C., !,].J. White, 'and C. S. Land, 1964, l,aboramry prediclim_s of wa_er sensilivily compared wilh field
_bservalions of well damage - Palrick l)raw, Wyoming: SPE Paper 839 (preprinl), 6 p.
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Actual fornmtion damage due to invasion of fresh water is estimated from interpretation of DST's and rates of
injection into two pilot waterflood wells where fresh water was injected into 1 well and brine into the other.

The results are indecisive. Damage ratios from DST are high for gas sands, but damage is rapidly removed
by production. Damage ratios are less in oil sands than in gas and are even less in water sands, Injection rates tor
fresh water were about tile same as for brine. Rates of brine injection are close to those calculated from laboratory
relative-permeability curves.

Barlow, J. A,, Jr,, 1961, Almond Formation and l.ower l.ewis Shale, easl flank of Rock Springs Uplift,
Sweetwater County, Wyoming: in Wyoming Geologic Association Symposium of Late Cretaceous Rocks, 16th
Ann. Field Conf. Green River, Washakie, Wind River and Power River Basins, p. I 13-i 15.

The Almond Formation is the uppermost formation of the Mesaverde Group. The relationship of the Ahnond
to the overlying I_,ewis Shale and other associated strata is analyzed with slratigraphic correlations, cross sections
and maps,

Brock, W, G. and J. Nicolaysen, 1975, Geology of the Brady Unit, Sweetwater County, Wyoming: Rocky
Mountain Assoc, Geol. Symposium, in Deep Drilling Frontiers of the Central Rocky Mountains: eds. D, W,
Bolyard, p, 225-237,

Initial drilling into a deep seismic structure west of the Washakie Basin has produced hydrocarbons from
multiple pay zones. Production has been from the Upper Cretaceous l)akota Formation, the Jurassic Entrada and
Nugget formations, the Permian Phosphoria Formation and the Pennsylvanian Weber Formation.

The Dakota sandstones are fluvial and dislributary channel deposits. The Entrada and Nugget sandstones are
the most porous and continuous reservoirs at Brady Unit, Thin carbonate facies in lhe l'hosphoria limits production.
The porosity and permeability ot' the Weber and Phosphoria formations are disconlinuous and cause problems in
production.

The structural feature at the Brady Unit reflects Precambrian faulting in the basement rocks, A thick
sedimentary layer is draped over the fault, dying out in the higher slratigraphic layers.

Bryant, W, A,, 1984, Paleoenvironmental interpretation based on foraminifera _t"coal-bearing Almond F'ormation,
l.ittle Snake River Coalfield, Wyoming (abst.): AAPG, Bull., v. 68, p. 933.

The Almond is about 450 ft thick anti divided into two informal members, both of which contain coal. Coals

in the upper I()0 ft of the upper member are thin', however, coals in the h_wer member include several thick beds.
Coal-bearing portions of both members are characterized by repetitive coarsening-upward bay-fill deposils of
mudstone and sandstone, cmnmonly overlain by coal. A major coarsening-upward sequence in the lower part of the
upper member is capped by sandstone interpreted as marine shoreface.

Fine grained rocks in both members contain t'orams, The three foram assemblagesare: (I) Im,v diversity
agglutinated benthic assemblage inlerpreled as a hyposaline saltmarsh fauna from fine grained rocks of the lower
member, (2) a high diversity mixed agglutinated and calcareuus benthic assemblage interpreted as a hyposaline bay
to lagoonal fauna in shales in the lower parl of the upper member, (3) a moderate-diversity agglutinated benthic
assemblage in fine-grained rocks in lhe upper part of the upper member inlerpreled as a hyposaline salt marsh to
interdistributary bay fauna.

Burton, G, 1961, Patrick Draw area, Sweetwater County, Wyoming: Wyoming Geol. Assoc., 16th Ann. Field
Conf., p. 276-279.

An early field analysis of Patrick Draw FiehJ and nearby Table Rock Field, F'atrick Draw oil field is
approximately 8 miles long and 3 miles wide. Oil is coming from straligraplfic traps in the Almond Formation.
Seismic data collected thus far revealed no structural configualion conducive Io hydrocarbon accumulation,

Cox, J. E., 1962, Patrick Draw area, Sweetwater County, Wyoming: Billings Geol. Sot,, Paper no. !, p I-17.
A detailed field study of Patrick Draw Field. The geology is based on core data, and expressed in maps and

cross sections.

Davis, J. R,, 1966, Stratigraphy and depositional history of upper "Mesaverde" Formation of Southeastern
Wyoming: Ph.D. thesis, The University of Wyoming, 124 p.

The Mesaverde Formation outcrops in the Laramie, Carbon, Hanna, and Kindt basins of Wyoming. The
sequence in these basins includes the Steele Shale, Pine Ridge Sandstone, and the Almond. The Mesaverde is
overlain by the Lewis Shale. Descriptions of the depositional environmenls include details on the marine fossils,
sedimentary structures, grain size analyses, and facies. The Almond Member was deposited as a barrier bar during a
early transgressive phase of the Lewis Sea. The Almond becomes progressively thicker (600 ft) in the western
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l)()rti(,is ()f the b_isiii.s. ,',;cvcral lr;ms_re,ssivc-rcgrcssi,.,,¢ cycles ;ire repre.sented by the Alnlori(,l, _Ir)(.l_l h)il_ l)eri(,d ()l'
st_.,l')h-str_m(.llir_ess.illowed f()r diverse tnmsili_)r1,_denvir()nmel)ts.

l)icklnson, I¢, G.,, 1992, "r_.iblcl,),()ck l:ieh.l-Fr()ntier l;()rm_Lti()n,_irl ()Verl')ressurcd reserve)it: Wy()ming (k.,ol. Ass_c.
,-13n.ll:iehl (.'()flf, (iuidel')()ok, p. I?,9-I,.14.

l)_,lla fr()lll _.ilest well irl tile Table Re)ok urli! ()f the l:r()ntier l:()rm_lli(,l drilled in 1991 ix presente(l _lii(.l

_m_dyzed. Inili_Ll B_in l_r(..iucti_,) w_is .::I,?,()()MCI;I) fr()m lligl'ily ()verr)re.ssured l_.lyers. The h()tt(ml it(lie prcssuv'c _it
14,4()() rt is i I,I()()psi. "ITie s_m,.lnimles ()f the NugBel, Weber arid M_i(lis()v'i unils li_ive gienleF p(,(_,,-;ily _ll)(l

l}ermc_d'_ilily tl'i_mthose drilled isle) the I;n)lltier. l;(_rtv'_itiovi The el'fcctive l)ertvlc_d")ilily _irl,ultile hy(In)st_.itic l)resnurc
are llmj()r f;let(_xnirl c,,)ntimlil)_ Bas pr()dLncti()_ifr()nn the l;r()rltier l,'()rm_|ti()Iz in tlle 'l',_Iblel,h)ck l:i_l(.l.

l)oun_la.N, W. I}., ,Jr., and T. R. llhizzar(l, I',){"_I, l:_icien n.'l;zli()nnhil)S _)f' the l_l_lir, i,h)ck ,",;l)riiIBS, _.Iml l':ric,s_)t)
I'(_rm_lli_)ns ()t tile R(_ck ,',;prings tlplit't and Washakie I'}_lsin: Wy()ming (ie_l. Ass(_L'., 161h Annu_ll I:iehl C()I)I'.
(;ui¢leh(_()k, p, X I.-_(').

This paper suggesls revi._i(ms l_r n_m_encl_llure in the l,h_ck ,";l)rin_s IJplifl: r(_cks I(_rmerly c_)rrehlled wilh Ihe

R(_¢k ,",;l)rings I;_,]llali()n _lre sh_)wn 1()he lalerally ¢(.lUiv_denl wilh lhe l!rics(m l;(_rn_lli(m, I:n)H) I)()ll(ml I(_I()1) Ihe
f_rmllli(ms (_1Ihe Mes_lvenle ( Ir_)up _lre I'_hdr, I,h)ck ,",;prinus,I!rics()n _1_)¢1Aim(reel.

Finley, R. ,I., 19F_3,('_nll)_uis()n (_t' del)_sili()n_l syslellis ;,111(II'eselV¢)ir characlerislics (_t selecled I)h.lnkel-ge()lllelry
liglll gas s_m¢lst(me,,.,(ahsl.): AAI)(; lhlll., v. ('_7,p. ,|1)()--()1.

The IJl)l}er Aline)lid I;()rnl_lli(m (_f lhe e_islern {;l'e_ller (ireen Riw.:_ I'_asin hilly c()nl_lill _ll()le shalh)w _l_u'ine aml
(_ffsh_)re h_lrs Ih_m harrier slnm(.I I}l_dn Ihcies. The tipper Aim(reel ()ccur.s al (lel)lhs _d A,()()()- I.'_,()()()I'1,wilh _lnel pay
()1'I,:|- IX I1.

I,'lnre._, R. M,, 1{)'7X, I'};Irrier _lr_{l I}ack-I};irrier eliVil{Hllllellls (}J _lel}{)sili{)n {}f lhe [ll)l}er {,relilce(}l.l.',; AIm(}ml

I;{)rlll_.lli{}n, Re)ok Sl)ril)gS Ill}Illl, Wy{}nlinF.: The M(}unl;dn (]e{)h}_.,ist, v, 2._, I}, _? (),_.
I}el){}sili{)nal envir¢}nnlenls i(lenlilied in lh(: Ul}l}er Alnl{}nd (}1 I,h}ck Springs [lplill include sll(}ref'_lce, h_lrrier

island, li{hll inlcl, tidal eh.,ll:l, w;ish(},,'er fan, liehd Ihll, lag{)(}n, li{I;ll creek, {)ved}_lnk, p()nd, and _llal.,,,l_. 'ri{hll dell_l,
lidal-il_lel-ch_nnel, w_lsh()ver tml, and li¢lal creek de[)(_sils .,.,i_Jnilic;mlly _lfl(..'cle{I I)_lck h_m'ier _lccleli(m ;.111¢1I_lg(_()l)

filling. The c_)_lll'_lelefillin_ (_f lhe I_lg()()n led h) c_ale.'.,cin_.__)1nl_llsh ()n file t')_l_.'kshh., _)1'tl_e h_lrrier island wilh the
m_lrsh ()n Ihe I_m¢lwanl side ()I lhe la_()()n, Thin, di,,,c(mlin_l()us c()_ll he_ls lhal rapidly __,n_deinl(_ cm'h(mace()us slmle
I(_rnled in lhe nl_lrxll in ch):,e pn)ximily t() the harrier island, 'l'l_in I(_lhick, I_ltenlll), cxlensi,.'e c()al he(Is Ih_lt h)cally

_l'ade inl_) c;.uh()n_lce(ms sh_lle I'()rllle(! in the m_lrsh (_1)elller_enl levee, (_verh;.lnk, _lml I_ayl'ill (lel)_,,ils _ll the
I_lndw_ll'd ._i(.le_)f the I;.ig()(m, I)up(_ili()n (_l' the ah(),,,c dell'it_ll ¢lel)<_',ils,_.', well _l', tidal-creek cllmlnel _,,_ln¢lsh)ne.,.;,

Cm.l.,,;ed,,.;plillin_ arid _nergirl_ (_1'the c(_ll heel,',;.

(;_ll'ei_i-(;onlT,tllez, m. anne!r. (,. Ntircltlnl, 1992, ('();ll ;is ;i s(_urce n'()ck_1 I)elmleulll: _l c(mli}aris()n belweell the

I)elr()l()gy ()t' tilL' MesaVelde (h()u I} c(_als, in huri_ll an{I hydr()Ll.Sl)yr(_ly,si.s: Wv(}lllin_ (;e()l. Ass()c. (]Llideh()()k, _131d
I;iehl (:{)111',,p. 237-2-1J.

'rhe_C()lllp()silh)l/ lind ICXlLIIiil u'll{ill_es ill c()al were sludk'¢l ;ll differenl siage,_ (_l' liiiil[ll'_lli()ll I'l'()lll _;illlple,%

l_lkL'll I'i'()lil the AIm()n(l I;()rlillili(}l} c{}al,s ill lh_' (;re{ller (]lCell River l|asin {)1'Wy{)lliili_. Slillll}les were I;ikell t'r{)lil

the ,%tll'l';ICe [() ii depth {if I I,()()() fl, S;tllll}le_ {)1 l,ance I;{)l'lll;lti()ll C();l] wele _tudie{I at dit'l'erL'alt lClill}el';ilHl'es tllI¢ler

hydn)us pyr()lysis. ('¢)llll}()sili()ll _lll¢!textlll;ll cll_ill_Jeshrt)Ll_hl _ll)_)Lllhy I_LIli_llsh()w ;I I};lltell). I;ii'st there is ;i h)s.%()1
Ihe ()ri_i_l_ll I;,illlilU,ile(.I lextLIl'e, I'()lh)wed I_y I()l'lll;.iti()l) ()1';1])ellelLIS teXltil'e whi_.'h eve)Ires t() _1ve.'.,iCLllm"tL:xlLlre. At
gre;iter I)_lrial (lel)lh an(.I I}re,'.;sUl'e(lUantities ()t' ex_u(hllinile (;i i)re_.'ur,'.;(_rt() r)elr()leum} is f()rllle(I. Micrinile I()rnl.,,
Ir()ill Ill)finite while at the s;lille tillle desill()c()llirlite hcc()iiles h()m()_eni;_.ed,and Ihe _emil'usinih.: and ILIsinile c_)iltenl
increa,',;es with teml)er_lture incrc_lse tel;lied I() I>LIri_ll del)th. ('h;lrt.',; ;ind t[lhlen explain and c()mi)are the c()_ll
Ill;.Ic¢i;.lti()rl .%t_i_Je.%,;lild c_)ml)_lreha,hilien I'r(_nl different _)L_lcl'()p_;rod C()l'e¢.lel)lhs.

(;o,Nar, A. ,I., and ,I, C. Ilopkins, 19(')(,),,_Irt,lclure _ln¢lSll_,lli_r_ll}l)y ()1 file .'.;()ulhwe._li}()rli()n (_1 lhe I,h)ck ,";prin_s
Ul)lifl, :',;weelwaler (!_unly, Wy()_lling: i, I,ind,,;ay, .I.!:}., eel., (;e_)l¢_gic (iui(.leh()_)k ¢)1"llle I.linla M()_lnl_lins, Lllah's
Maverick Range, l{')th Ann. I:iehl ('()nf., lnlcrmm_nlain Ass(_ci_li(m _)1"(;e()l(_gisls, p. X?.-9().

A _h()lt SLlllllilli, l'y ¢)t" the slr_lligl'_lr)lly _)t'the ;.u'e_lwith strLictural illterl)l¢l_lti_m_ i.,,i}l'esented.

(;reer, I)., ,I, K. Kin_, and A, ,I. V¢'rl]_loe_, 19_?, l)relinlirlary nlal) ()f kn()wn surficial ,,.,tructL_ralfeatures f()r llle

Rock Springs I x 2 Qu_ldn_rlgle: Wy_)min_ (_e()l. ,";urv., ()pen I:ile Rer)(_rtF_7.-IN.
Includes _l listin_ (_1all the reference mal)_ u,_ed I() COml)il¢ the Re)ok Nl_rings OL_adnil)gle n_q_.
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Hawkins, C. M., 198(), Barrier bar sands in the Second Frontier l:ormation, Green River Basin, Wyoming:
Stratigraphy ¢1t'Wyoming: 3 Ist Ann, Wyoming Geol, Assoc, Field Conf, Guidebook, p, 155-161,

Results are based on logs and core cuttings from the _gasproduction area on the crest and flanks of the Moxa
Arch at 7,000 t¢112,000 ft. Presents interpretation of a classical upward coarsening, marine, shoreface, foreshore,
dune, iagoonal package, This was a subsurface study ¢_t"a gas productive barrier,

Heasler, H. P. and R. C. Surdam, 1992, Pressure compartments in the Mesaverde I:ormation ¢_fthe Green River
and Washakie Basins, as determined from drill stem lest data: Wyoming Geol. Assoc, 43rd Field C¢mt',,p, 2()7-22(}.

Drill stem tests were used to study the pressure in the Mesaverde l:ormation of the Green River and Washakie
ba,,;ins. Initial and final shut in pressures were graphed to analyze the relationships and evaluate pressure z¢mes.
Anomalous pressure zones were mapped on potenti_metric surface maps. These am_malous pressure zones in both
the Green River and Washakie basins are on the scale of individual till fields,

Hendricks, M, L,, 1983, Stratigraphy and tectonic hist_ry of the Mesaverde (iroup eUpper Cretaceous), east flank
¢1t'the Rock Springs Uplift, Sweetwater County, Wyoming: unpublished Ph.l). thesis, C¢_lorado Schc_ol of Mines,
Golden, Colorado, 213 p.

The Mesaverde Group in southwestern Wyoming includes 4()()() ft of sediments of the l:llair, Rock Springs,
and Ericson Formations. The Upper Blair is a prodelta sequence of shales and thin sandstones. The Rock Springs
Formation is a cyclic deposit of marine and n(m-marine sandstones, shales anti corals. The I.ower Ericson is a thick
unit of |luvial sandstones interbedded with thin carbtmaceous shales.

The Rock Springs Formation was deposited as a wave-dominated delta. Two faults in the Rock Springs
Formation indicate penecontemporaneous movement during deposition, Coal layers in the Rock Springs Formation
are associated with prograding delta lobes. Illustrated with numerous phot¢_sof textural features, and maps showing
structural and stratigraphic developments.

Irwin, D,, 1976, Arch and Monell LInits, Patrick Draw-Table Rock area, Sweetwater County, Wy¢mling-upper
Almond Sandstone study: in Unpublished Union Pacific Resources C¢_.Data Files,

This report separates the Almond Formation at Patrick l)raw in tbur sandstone units, They are in descending
_rder UA-5, UA-6, UA-7, UA-8, These sandstone units are separate by marine shales. Units UA-5, UA-6, and UA-
7 are subdivided into A anti B, and unit UA-6 sometimes has a C. These units are recognizable on log aml in core
analysis, The sandstones were depo,'fited as shallow water and barrier beach sands along the edge of the Cretaceous
sea. Units LIA-5 and UA-6 are less than 40 ft. thick and have been deformed s_mlcwhat.

Unit UA-5 is the primary producing zone Patrick Draw Field for both the Alch and Monell areas. UA-5B is
an excellent reserwfir and is 35 ft. thick in the center ¢_fPatrick l)raw l:ield. A Y-shaped tidal channel dissects the
UA-5 sandstone. The sand isolith map indicates that Table Rock wan present as a paleostructure influencing
patterns at the time (1t"deposition. A c¢_alunit underlies unit LIA-5, and In_.lrincshales _,verlie it,

lrwln, D, C., 1986, Upper Cretaceous and Tertiary cross secti(ms. M¢fffat County, Colorad¢_: R¢_cky M¢mntain
Assoc. Geol. Symposium, p. !5 I- 155.

Three cross sections across the Sand Wash Basin in the s¢_uthern parl ¢_1"the (heater Green River Basin are
presented. The Sand Wash Basin is bounded on the south by the Uinta M¢_untains, in the north by the Cherokee
Arch (alon_ the Colorado-Wyoming state border), on the east by the Park Range and on the west by the Hiwatha
Sugar Loaf Anticline. Over 30,0()0 ft _f' sedimentary deposits from Cambrian to Tertiary age fill the basin, The
cross sections were chosen to display Upper Cretaceous facies relationships and show the correlati¢ms of Tertiary
formati(ms. The source for the Mesaverde Group rocks in the basin is suggested as s¢_utherly t¢_sc_uthwesterly based
on core data.

Iverson, W, P,, 1992, Oil and gas production and reserves, Mesaverde flroup, Green River Basin, Wyoming:
Wyoming Geol. Assoc. 43rd Field Conf. Guidebook, p. 245-252.

A summary and analysis of hydrocarbon production from the Mesaverde Group in the Greater Green River
Basin. Over I I_, of the gas produced in Wyoming comes from the Greater Green River Basin which ccmtains only
5% of the state's wells. Production decline curves are calculated based on current production and a 575 Bcf gas
reserve is estimated. Fracturing has aided production from tight gas sands by connecting the numerous sands.

Jacka, A, D., 1965, Depositional dynamics of the Almond Formation, Rock Springs Uplift, Wyoming: Wyoming
Geol, Assoc., !9th Field Conference Guidebook, p. 8 !- 100.

Upper Almond cycles display the following sequence of deposits from the base upward: (1) marine and/or
iagoonal shale, (2) barrier-island sandstone, (3) marsh or mudflat deposits, and 4) lagoonal-bay deposits. These
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sequences reflect tile hlteml shiflin_ _t" three contetnporane_msly existinl_ delmsition_ll entities: (I) marine
envimninerfl ill which surt'zone and int'ra--surfzone sands, _mdolTsl'lore muds aceuluuhlted', (2) tile b_lrrier-ishmd
environment consislin_ c._t"I'oreslu_rebeach, hackshore he=lch,and t'rin_ing nmrsh _r mudil¢fl dep¢_sits;(.t) the
I=l_t_orml-h_lyenvironulent in which pred,mlim|nlly t'ine-grtfined sediment, carhon=lceoussh_fle, imd ,Lvsler reel's
aceumulaled.

INidence indicates Ilml seaw_lrdgn,wlh of lmrrier islands was aceonll_anied h.vexpmlsi_m _t' ILig_onsllml
resulted in a progressive tllu_din_ _t' tile lan¢lw_ln.lmargins _1'tile h_u'rivr. Thu._,p_sitions previcmsly _ceupied hy _l
harrier island were successively hhmketed with h_g¢_¢mal¢telx)SilS. As the diSlmlCehelween _ise_w_lrd-mlvaneing
h_lrrier ishmd and Ihe m_finland inel'e_lsed,_ thresll¢fld limil w_lsappronehed heyCmdwhich lhe wflume ¢_1's_md
.suppliedm theseaward face was insufl'ieienl m perlnil further seawardgr_wtll. The _peration of neg,ulivei')mcesses
(suhsidence, Colnpacti_m, emsi_m, and p_msihly _tl independent rise in sea level) so_,n hmught ah_ut the
sulm_ergeneeor dr(;wnin_ (fl"_m_lhandonedh_rrier ishmd,

,ll|eka, A, I),,, ItF7(), I'rinciples _t" ceilleiltatitm and p_)rt_sity-_wclu,_iculitz Upper ('retaeeous Salldst_me,,,,,R_wky
M_mntain Re_i_m' Wy_mling {ie_fl. As_u', 22rid Avln. Field C'_ml.(iuideN_,k, p, 26._-2N_,

I.!pper ('retilC'e()tl.,,;.sedJlllelllSfl'(Ull tile I,(_¢kie_,,were chl).st.,llhe¢;iilsethey ¢()nslJltlteg()¢_tlInudels l'_.)rhumid-
suhhutnM climates, ,,wmnpy e_mstalplain, h_rrier isl_md-hlg_,_md_y,and deltaic l';_ci,,.'swith established .structural
and ge_flogicalhistories; and, _mtcmpsand .suh,.,url'acedatawhich may be c_mlpared.

V_._dosecelnentalh.mJ.,sreslricled t_ Iml ;_ritlmid .,,,elnJ-aridregi_mswhere eal'h,_m_lle(c;_liche) is c(mcenlraled,
aml I1(_1r'egi_mswilh wel_.seas_ms.Rapid, evllp_rati_m.4rig)_eredpn.'uiifitalhm _1calbculates,hydrnxith.,s, and _xides
re_ult.'sin inili_ll precipit;fli_m _1'fitlely crystalline gl'ain c_mling cement films, v,,,hich,.,elf;milegr_in.,,,causing _m
exlxmded _)r l'hmting tahric, and which hirer replace lerrig_.'rl_m_ grains I(_Id)rill _.'_llClelJ_)liS,

(,elnenlati,_mbellow the ,,v_llerlable itz fresh_r s,,.,;zwater _ccurs sl_wlv resulling in c_mrselycry,,mlline cement
theftlemls 1_fill Ir_re tr_dies, ,%Hm;fl'lerw,artl,huri_fl silica is precipitated a.ssVnlaxial m,'ergr_wths ml quarlz gl_.lJ|ls
;it .sll;dh,w l_, rm_deraledel'_tllsumler c_mditions_,1h,w telnperalure, and slightly ;zcidicpll. At gleliter depths, .silk.'_z
cell|elilation i_,l_lhwved hy calcite I_lecjpitali_marid rcplacett_enl_)tqklal'tZtlnth.'rhi_her lelliperature and pll. Silic_u
tzmbilized at depth by rephieenlenl ;rod s_duli_m_l guarlz, difluse._upw_lrd_mdcm"lrmale diffuse._d(_wnvv_u'dwllere
il precipil_fle.__mplh_r c_flcih.'",,eeds".'l'ratl.,q_rtifli_m_1'ceim.,.nlin_nmleri_flby _pp_sinp cliff truism_.,radientsoccurs
sh_wly Ilir_mgh m.'arly slalic inlt,lslitJlfl walel's which _verc_mzeinmh.'quaciesinherenl in supl_sili_m _1"lr_|nslx_rlby
al'mormally Imge v_flutues_t' w;fler (as reguired by wlll¢l I'l'_llll c_mlpaclingclaysk

,j_c'k_, A, I),, 1_)7(),Nedilnenl ec_nmm)ics_l tipper ('retacenus sandstone_R_cky M_mntain l,_e_i_m: Wy_)nling
{ie_fl. Ass_e.,22ml Ann. I:iehl (Aml'. (;uMeh_u_k,p. 11"17-2I_),

The tipper ('retau'e_msin the I,h_ckyM_mntainsc_mm_mly di',i'fl_ly Ihe lblh,vving sequence:(I) m_ritle _mtlA_r
lag_)onalshale_ (2)harrier island ,saml.,sl(me;13)m;_rsh-mudl'lal dep_)sils,(..1)h_mal-hay del)_.,;ils,1_);_lluvial-
c_mstal ph_in sediments. The .sequencedisplays se_w'_u'dpr_,_rmhili_ui _1 c,_astal plain in response I_ a I_l,ge
sedimenl Sul_ply. The (iulf (.'_mslII_rrier Island/(.'_msl;ll plain is l',r_l'_sed a_ an mmh_ue flu Ilpper ('relaee_m_
(especiallyAlm_md IMrmati_m)in tileI_a_ckyMounlain.s.

The paper is basedprinl;irily oil ir|vestigati_m_I erivinmnlents, I'_ale_:,_e_l/ra/_hyanti dep()sililm_fl history (fl'
lhe l.ll)per ('re lace_m',,AIm_)ml I:orlnalitm of Ihe I,_ck Spriuys [Iplift,

,]t_cks(m,,",,i,,el _fl,, It)_-)3,Inley.rali_m_fl Ihe.(ie_fl_y.ic'dlll':ny.ineerint_M_del wilh I'_ducli_Ul I:'erf_u'mancel_r I'alrick
I)raw I;ieM, Wy_m_ing; I)()1,: Reporl Nll:qit,L634, 122p.

An inle_raled ,ue_l_._ic_fl/en_ineerin._nmdel ibr i_r_ducli_mperf_rin;mce is Ix_sedon harrier island reserw_irs
from Patrick Draw I:ield, W.y_mlin_ and Bell (.,reek l:ield, Monlana. The ohjeclives were: (I) m identify
heterogeneitiesthat inl'luerlce tile n_)velnenl alid lr_q_ping_I fluids within tile reservt)irs;(2) t() ehal'_lclerizemelh,nds
m quantify resev'w_irarchitecture mid I(_predicl mol_ile oil salurali_m di,_tribuli_m liar _pplic_lliml m I'_nJmnced()il
Rec_very I_n)cesse,s',and (3) io stltl|lnarJze reserv_ir trod prutlucti_mcll_lracterJstJcs_1'sll_relJne harrier .syslem_,

ltydr_geochelnical analytical technigues were I'oumi Io he an inexpensive reservoir chan_cterizali_m tO_,_l.

Formatiun water salinity ill Patrick Draw l:ield varies across the fieM and can cause em,rs is Ihe estimtlti_m _fl'oil
saltlr;lti_m, ('()2 t'h_ding was more successful in Ihe M_mell I.lnit at Patrick Draw I;iehl than in the Arch tlnit,
lloriz_ml_fl tlrillin_ is has lhe hesl p_lenlial tbr adtliliunal oil rec_very ill the Arch tlnil,

Keighin, (_'.,W,, !1, !,:, 13,1w,/_llld r. M. Pollllstro, It,)N_),i'etrology and reserw_ir cli_mlcterislics _,t' the Almond
lg_rnmti_m, Gre;ller Green River I]a,sirl,Wy_mling: in Co;_lson, F.,I:i,, el al,, eds, i:_etmgenesis and I:'etr_plly,sics of
Selecled Samlsl_me Reserwfirs of the Rocky Mounltfin Region, RMAG, Denver, p. 2_,1-291,t.

Production thn_ugh 19N6was I()() MM bhl t_iland seven 1"(.'1:gas, SI':M _ln_.lthin secti_m analyses indicated
tlml ix_res in fine t_ very fine Alnlond I;_wmalion S;llldStcmestire small (< 2()p) and furnled ill part hy dissolulion _t'
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framework grains and authigenic cements, lntergranular micropores occur between crystals of authigenic clay,
Sandstone contains 15 t{)30% clay, which is dominanti-' illitic. Local concentrations of kaolinite occur, but chlorite
is rare. Smectite clay minerals were not detected. Distribution of cements, as well as detrital feldspars, is variable.

Not only porosity, permeability, and depth, but also vitrinite reflectance seem to be related in both
conventional and unconventi,mal (tight) Almond reservoirs It ;nay be possible to define _mapproximate depth at
which overpressuring may occur basedon thesedata,

Krueller, M, L., 1960, Occurrence (ff natural gas in the western part of Green River Basin: W;'oming Geol. Assoc,
15th Annual Field Conference Guidebook, Overthrust Belt of Southwestern Wyoming and Adjacent Areas, p, 195-
209.

The Green River Basin is (me of the largest ot' the Rocky Mountain intermountain basins. Its rnaxilnUlrl
north.south dimension is approximately 180 miles; its lrluxilnum east-west dimension, near its southern end, is 90
n|iles. The basin is bounded ()n the northeastby the Gros Ventre-Wind River Mountain Range, on the east by the
Rock Springs Uplift, on the south by the e_:ist-westtrending Uinta Mountains, kindon the west by the east thrust fault
(Dislurbed Bell) of the Hoback-Wyoming Range. l}r(}duction data on lhe gas fields in the Green River Basin is
presented in tables,

Krysllnlk, L, F,, 1990, Characteristics of core,_ l'r()m a wave-dominated barrier/tidal inlet depl_sit: Cretaceous
Almond Formati(;n, south-central Wyoming (absl.): in Davis, R.A., D. Nummendal, and R, Tillman, eds,, Tidal
Inlet and Related Sand Bodies Modern and Ancient: SEPM Research C{;nlerence San Juan Basin, New Mexico,
pages unnumbered.

East of Table Rock Field in Sweetwater County, the I_JA-8sandstoneis a north-south trending barrier/lagoon
complex which has been cored at several h_calities in barrier and back-harrier facies In the Llnion Pacific Railr{_ad
Corp()ration Robinson Siding No. i well (I I-19N-97W), _ 59-ft continuous c_;rewas cut through a sandsl_)nebc)dy
interpreted Io be a tidal inlet deposit. Thetidal inlet is h|teraliy equivalent to wave-d{}minated shorel'ace dep()sils
ah)ngstrike and to back-harrier lagoonal deposits I(_the west,

The tidal inlet deposit is a 45 fl thick, blocky- upper-fine to h)wer-nledium-grained sandstonebody. The inlet
has a sharp basal scour on older lag(}onal deposits, and the inlet fill is COml)l}sedot' a basal _}yster-shell lag which
grades upward into clean, massive1¢}medium-scale trough cross-stralitied sandstt)ne A number (ff oyster-shell lags
occur within the cross-stratified inlet fill, and theseslightly inclined h_rizons may mark lateral accretion surfaces, as
observed in field exposures _}I'Almond formati(m inlets, The crt)ss-slralified samlsl()ne becon}esmore nmssive It)
phlnar-laminated toward the top 3 ft of the sandstonebody and may rec_}rdl'_reshoredeposition as spit accretiull
filled lhe iillel, The upper 6 t'l ¢}1"the core is compt)sed of OphiomotT_ha.hurrt_wed sandstone which grades upward
inl(_ a transgressive unit comp{;sed successively upward (ff burrt}wetl argilhice()us sand,_tone, gritty mudstone and
black silty mudstone.

Land, C. B. Jr., 1972, Stratigraphy of Iq}x Hills Sandstone kind associated f|nmations, Rock Springs Uplift and
Wamsutter Arch area, Sweelwaler C'()unty, Wy()min_: A shoreline-esluary s_lntlslone Model ft}r the l_ate Cretaceous:
Quarterly of the Coh)rado School (}t'Mines, v, 67, no, 2, 69 p,

The Upper Cretaceous Fox Hills Sandstone which outcrops on the east t]ank of the Rock Springs Uplift is a
regressive sequence of sandstone and sihstone which was dep()sited along a barrier isiarld coastline in littoral,
shallow neritic, and estuarine environnlenls, It overlies and intertongues with lnarlnc l.,cwis Shale; kindit is overlain
by, and intertongues witty, the nonm,'.lrine l.ance Fornmlion. Depositional environments: An earlier report by
Weimer interpreted the Fox Hills as a barrier island sequence similar to the modern barriers ah)ng the Gulf Coast.
Weimer interpreted the shoreline It)have been generally norlh-soulh oriented with lag()ons kindcoastal swamps It)
the west and a deeper neritic environment to the east. l, and is generally in agreement, but pc)ints out some nfinor
differences t}t'interpretation:
I, Sands deposited in migrating estuaries was in|portant in t:ox Hills. The scour kitbase ()t' Weimer's upper "G"

sandstone is the base of migrating estuary channel.
2. Lenses of Ostrea are reinterpreted us lag deposits in estuary channels,
3. Subsequent subsurface c(mtrol indicates that shoreline trend is northeast-southwest,
4. Weimer (1961) compared Fox Hills environments to the Gull' Coast Barriers- where the barriers are separated

by broad lagoons that are filling with clay and silt deposits.
l.,and finds better analogy with the modern Georgia coast (brought to his attention by Weimer). The Georgia

coast has about 7-ft tides, and the barrier chain is separated from the mainland by a saitmarsh-estuary channel
complex. The high-energy environments of sand deposition in these estuaries is believed to be similar to the
postulated Fox Hills environments,
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l,anham,R. E,,191,1(),Petro_r_iphy_mddi_l_ene.sisol'low-pcrmcilhilitymmdstonesofthelowerAlmund l;ornmtion,
Southwe,,,ilernWyolnin_: M.S. Thesis. Univ. ot' Coiort,du, ii.t p.

Petro_r+lphicstudy of the lower Allnond smldstonesin the Tierney (i_ls Field, in the Wmnsutter Arch _lretlof
southwe._ternWyoming; the s£mtislones_lrefine-gr_linedsuhlithtlrenites conl_dningchert t'r£1gmertt._mld little or no
t'eldsp_m ,",JmldstonestiverLl_,e9¢,_. porosity trod htlve very low perme_Jhiiities,_lvertiging,(1.I0 ml), Conlptiction and
qu=lrtzL'_ilICllt£1lJ(}I1h_,lVe reduced hoth k tlli(I O; tlism_lution of unsttlhh.,minerals h==scretltetl vtlrying lltnoUllt.s 1}t_

se_:ondarypon_sity+
Qtmrtz cement avera_e_ I_r,_ of rock volume lind has inhihited _:olnp=lction,hut _dsouccluded porusity and

reduced permeahilily. In lmmy instmlces, _:enlenttltiunhy quartz w=lshindered hy detritM and authi_enic ehlys.
Wllere clay is conm.ln, ¢itmrtzcement is less£1hun(hmtand intert_rmmlarmicrolmrosity is w,itleN_reml,

I_,¢ise¢lon thin section mmlyses, up lu on¢-tmif uf exi.,ting I'mrt_sity,_t'_¢m+esartdsmnes is secor..hlry, tmvin_
hecn ti_rmed by diss,)lution ,d' detrit=d _=ndm=thigenic minerMs. Much of the pur¢t,,.ityw=lscredited hy dis_oluti_m s_t
,,iderile m_d l'_,_ssihlyduhm_ile-_mkerit_. %urn,.,¢it+the r_.ullin_ imres were suhsequently filled by authigeni_: quartz
and k=.dinite ('A complete '.,did .s,duli_m hetween tluhmlite and _mkerite _=ppe_.lrst¢1exist). I}isstllution uf chert
grain_, al_t_ appe¢lrs I,_ Imve _.:rei=teda ,,ignificm_t mm,.ml ,_1...¢c,mdary l'.lr,_sity ('hem di_st'dUliem t'ir_.tpr,_duces a
mierol',_nm_, mas,. hut with _'ontinued lem.'hin_ results in Ier==in+,,i,'ev.ml_, l._ctlin_ t_t_hiulile, m_dp_ssihly l_,hlNmr.
created IiiillorIlliltltiIlt+',,(_I_ecl_iltIItI'yp,_il_,ily,l'+._rmIItitmt_l,,eL'.mdai'yI_¢_l_',,ilywas hinderedhy thepre_encc_I
im=trix,whichinhihited_=cce,.s¢_IIc=_.'hin_ufluid.+I._potvnlhdly,._luhh..mim.'rM,,.(h..IpI.mmiicr,_pr=qdlsm_d NIiM
im_te_ iilu_tnitc the text,

I.llW, II. F.., ItJN4+l,teh+ti_,n,+hil+',_+i _,t_urcel_ick, Ihernml lli_|Iurity, _iiltI ,_vt.,rl+res,,urin_ l(_ _+_, _Jel11.'lttli_Hi +llltl

tl¢Clll'rellCeill h_w-l+erlncM+ilityl Tpl_vr('l-¢Iiluel_ti,_l'()cks, (+reiller ([i¢¢ii J,(i'+er I]asill, Wyumin_, ('_)Jl)riltl(_IiI1dt If+ill:
i11,l, Wtlt_tlv,'_Ird,I:. Mei,++,n+l,+ultlJ. ('!+l)iem, ells. i,h_cky Nit. Asst_+. (itlitlcl+_,_k, l lydrucarht.1 St_uI'_.'el(t_cks ;_Ithe
(he;Jter Reeky M_unhtdnl,h.'#i_m,i+.46q l?b+ !

.k,1_,,l_iI lhe hydrt_c_trimnim,lu_:li_m l'r_HIl IIl'_l+er ('lcl;ICet_tl _, _rid IJ_wcr Terliary re,,,erv_fir_ill lhe (ire_ler
(;recn River l],.,,in i.,,_aa,,.The h+,sin_.'_ver_me._ _I' _,_)ulherl}Wyl)iilill_, m_rlhweslern('()h_rmh, told m_rlllu,;islern
tIl+d+. (ia,, del+_sils+_r_.'l_mndinletl+eddedwilh c_ml_md_.'t_rhtm_:e_m,,r_,.+k'_(i+_ +u.'cunlulali_mstlre +_,_,.'i+_tedwith
t_,erl+res,,,urin_. ()vL.rl+re,,,,.,urin_2i,,,cmlsetl hy lhertnal pem:ri_li_mt_l pw.,. ('ia,, tni#rt_le,,lilniled di,,,Iilnce,.,¢_ile,,,,llmn
,,e,.'¢r.'dhundred le¢.'i, l,ai+_evtdume,,_I p+_sin lhe (h'ealer (ireen Riw.'r lla,,iri ,_ccur_t tetni'_ertmm.',,t_l_iu()" I_ 2i)()+
I: with a +ilrinile rci'leclml_:e_d'ah_ill (),N.

i,_w, II, I':., l_Jt_2,l_+d¢.'tdluitll'h_w imlh,, . lividence it'tu_ lhvrnml IImlurily _mq+i+in_, (}retlter (ifcon River llm, in,
Wy_uI,,iIl__mdl!hlh (;th,,l+):AAI'(I Ann. ('t)ll,Vellti(Hl l_rt_rum. (,M_my. Aihelta, Impeunnumheretl.

'l'hern_+_l ll_+Hulily m+q+l_ing i,, u_etl it_ reveal unu,,uMi), high and I_,.,, _le+_sre,.,ultin_ Ir_,n lherlnal
perlurh+_ti_m,,a,,,,u_.'i¢_ledwith w_cuntlin#told de,,cemlin_ lluitl,,. An are+Itd hiph lhernml nmlurily is _:_fim:itlenlwilh
Pulrick l)rm.,,'Fiel¢l, Wyuminp. and m'_areat_l h_w lherm+dm+mHily i,, ct_in_:identv,ilh lhc l]ritl,uer l.t_ke and l.u_:ky
l)it_.'htill field,, nero the M_xa Are'h. Vitrinile reflecltmce x_du¢..,_I_, the Aln,md l:t_rnmlion _t +_deplh _I 5,111)(1It
i;.lli_elItHIl(),,:IX+111().('+N+l;aull'+aretile_+ti_e,,letll+alhw+ty,,Iortheh_lfluid,,In L'IHIII'IINI,thes,+tltlleln_.'ml¢_I'tile
Mux;l Ar_.'hhas _tluw tllerill_ll nlaturily and _ilow therin_il_ratlient.

l,tlw, II, I':,, (:. W. ,Hpem.,er,llnd N, II. llo._th.'k, 191"I(Ll:,aluatiun ,_I t,Lu+miclliiiller, ,,uhsurl+_,:elellllIL'.rtlltII+e told
pressure will+ rcpard I<i _=,_.uencr+itiunin h_w-l+crmeahility Ul_per ('l'el_.iceou',,told IJ_wur Tcrli+Iry _+indSlolle.,.,in
Pacii_cCreek arem ._tlhletiem_tl.";weelw_.llurct)l.lnties,Wy_mlin_2:The Mountltin (iet_It_i_l, v. 17, p. 27,+3.=i.

The +_reafor lhis rept_rt is 3_ miles direr:fly north uf lhe l,l_ck ,",;princesIll+Ill+t. 'theonsel ¢_Itlvcrpressurin_
(lCCtlI'S+.ll+(ItltI1,6(1(1l't.ill tileh+ise(_Ithetipper('l'el+ice_usl.+mcel'+ornmtion.{ienerali+mul'wel_+isis+ipp+_rently
treeol+them+linI+ruces.,,e,_relatedtuuverpre,,surin_,i,tevers+dtd'St'+ur,.'e,,ne_rthetopofoverpre.s_urinpisreItIted
t_reduclitmofformatitmw+Iter.,,tdinity.Smtdlmntmntsofwtilerprt.Jucedtlurin_lhermuchende+dde<.:tmff_tlsithmt_r

ur_mic Intltterand tiledehydratiun_I"chly,+tlurin_ ch_ytl+_.illsl'tlrlniiti+,mlll;lypruvideenoughhlw-sMinitywiilerto
efI_ctiv_lydiluletheorigimdI'ornmtionw_ler,

Tcmll or_mlic c_mtent (T()(.,) _ivel'a_e.'.i1.31"I+>;.{r_in_e ().2_ Io 7.X,4). The tup td"overpressurin_ told he_innin_
_I ilnl_rtmll wet+_s _,ener_.Itionoccurs _I vitrinite reflectance wdues_d'().74 m ()._6,

I,IlWSOII, I). C,, and C, W, (!rows(m, 1961, (ieuh))_y uf the Arch Unit mid mlim:cnt areas, Sweetwalel+County,
Wyoming: W(IA (iuideh,_)k, 16thAnn, Field Conf,, p 2_()-299.

Tile Arch Unit _ltP_ltrickl)mw field is I()miles h_n__md4,5 mile_ wMe, The first oil well wasdrilled in
em'iy 19.%. A history el' the productitm and initial g,¢¢11c_yis presented. P_itri_.'kDraw Field is hlcmed on the crest
el' lhe Wmnsutter Arch on the e_l_tfhmk t11'lhe Rock Sprin_s uplift. ,_tr_ilit2nlphic units m'e the early Tertim'y
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Wasatch tk_rnmtion, and Upper Cretaceous l.ance, Fox Hills, Lewis Shale, and Almond formations. Oil production
is t'romsand bodies in the Almond.

l.eekle, I),, and I., F. Krystlnik, 1989, is there evidence for geostrophic currents preserved in the sedimentary
record of inner 1omiddle-shelf deposits?: J, Sed, Petrol,, v, 59, p. 862.870,

Wave-ripple crests in lhe Almond trend generally N-S, parallel to regiunal shoreline, while other shoreline
indic_ltorsmid humoc'ky cross stratiation(HC?S)bedstrend I'.'_W,normal to shorelineorientatior_,

Lewis, J, !,,, 1961, The strati_zral'_hyand del')ositi(m_dhistory of the Almond l:ormatitm in the Great DivMe Basin,
Sweetwater CTt_utity,Wyoming: Wyoming Geological Assoc,, Syml_osium of I.ate Cretaceous rocks CJreen River,
Washakie, Wind River and Powder River Basins; p, 87-95,

Tile Almond Formation crops out on the east t]_mktff the Rock SprJn_s uplift, tile structural divide hetweetl
the [Ireat Divide Basin h) tile east anti tile Lesser Green River Basin to tile west. The Aimond outcrops are
ch_lnicterized by cuestas with low west facing escarpments, The Altnond outcrop is bcedered on the west by the
steep escarpment of the liricstm Santlsttme and on tile east hy a long strike wdley into the I,ewis Shale. Tllree major
environments of deposition are recognized; (I) coastM swamp in the lower shale, (21 t_eaches or sandbars and
sandspits created by waves and currents, (3) shallow marine to non-tmtrine deposits from lagoons mid ct)_lstal
SWalllpS.

Mtlrttnsen, R, S, and (L Chrlstensen, 1992, A stratigraphic and environmental study of the Almond Fortlltttitm,
Mesaverde Group, Greater (Ireen River Basin, Wyoming: Wyoming Geological Assoc. Guidebook, Rediscover the
Rockies; p. 171-190,

The Almond Formation was selected to study tile origin anti characteristics of tight gas sands in tile
Mesaverde Group, The Almond Formation in the Rock Springs Uplift area of Wyomin_ is divided into upper m_d
lower members, The lower Almond in fresh to brnckish w_lter deposilion. The upper Almond in marine and
estuarine and deposited as a series o|' landward-steping strandline sandstones, These strandlines were deposited as
pm't of an barrier island system, Tile Almond reserwfirs in the Washakie Basin have been highly productive, The
I}ripping Rock l'ield t'urther ,_outh was deposited as a storlll sequence, Regional tectonics and localized movenlent
along basement block t'aults are controlling a_ents in Almond deposition, l_rotluction tables show tile field
characterists and productjoll statistics for several units ill the Rock Springs area. Str_ltigraphic tltaps, strtlclUr_|l
ColllOurs and paleogeOglaphic recorlslrucliorts are used io define the _et_lo_ic setting of the Almtmtl I:ormation and
its production.

MeCuhbln, I), (;., and M. J, Brady, 1969, l)cpositional environment of the Alnlond reservoirs, Patrick Draw
Field, Wytmling: Tile Mountain (ieolo_ist, v. 6, nt_. !, p, 3-2f_.

This study supports Weimer (I 966) that tile main reservoir sandstone is a composite shoreline deposit, at least
partly replaced updip by lagoonal shales.

UA-5 at Patrick Draw consists of a western bar and a younger eastern bar that partly overlaps the western bar.
'File western bar and, in places, the e_lstern bar rest with sharp contact on a widespread coal that forms tile uppernlost
unil t)l" tile underlying cyclic sequence. Both sandstone bodies contain Iransporlett biwdves and some tbratns _md
show burrows including rare Ophi,motTdUt. I]oth sand bodies show a vertical sequence of' stratification types
interpreted as deposition in nearshore.marine and beach environments on a seaward-prograding sht}reline. I,ateral
changes in stratification types suggest that the seaward direction was to the east, Vertical lind lateral vltril|tions in
grain size of this record an initial transgression, followed by deposition in progressively tnore slmllow envirotunents
during shoreline progradation.

The higotmal fiicies that overlies tile western bar and appears to he at least partly equivalent to the eastern bar
consist of silty to sandy shales and SOllle thin sandstones, Oysters are COllllnon I.llld are _.|lnajor constituent ot'
coquina beds, The occurrence of large, whole, randomly oriented oyster valves in a shale matrix indicates that these
oysters are in their original place of growth, Sonle t)f the shales contain tt niicrot'aunt,| of arenaceous tk)rams,
Structures formed by burrowing animals are abunthml in the silty or sandy shales.

McDonald, R, E., 1973, Big Piney-L_l Barge Producing Complex, Sublette and Lincoln Counties, Wyoming:
Wyoming Geol, Assoc., 25th Field Conf., p. 57-77,

A gas producer since 1956, and majc_roil producer since 1960, Cmnulative gas production is over !.2 tcf,
total oil produced is about 65 MMBBL,. The producing complex is on and around tile flanks of a Laramide anticlinal
fold that was lbrmed subjacent to a salient along the Disturbed Belt, west of Wind River Mountains,, in the northern
part of the Green Rivet" Basin.

62



Meyers+,W, C., 1977, l+.nvirtmmentalanalysis ot"Almond I+ornmtion (Upper Cretaceous)from Ihe Reck Springs
L.Iplifl, Wyuming: Ph.D. l)issertati_m, tlniversily of Tulsa, 2_Op.

Micropaleonlology and photos of two ._+indiameter cores drilled i/2 mile downdip t'roln the outcrop face
exposed in the Rock Springs l lplifl (T2ON, RlOIW)were sludied. There were i+_0palynological species were
recorded,

Mleras, B, L,, 1992, Sequence stratigraphy, Frontier Fornmtion, suuth-central Wyoming: esutatic and tectonic
influences: Wyoming (ieol, Assoc, 43rd Field Croft, Guidebook, p, 51-60,

All erosional unctmft)rmity 90 million years old forms the boundary between the Greenhorn Cycle and the
Niohrara Cycle in the Western Interior Basin, The boundary is marked by sandstunepoor depusits of theunderlying
Bell Fourche Memher, The Wall (.'reek Member i+sthe +sand-richupper member ut' the Frontier Formation. The
t..+mi_rant(hq_ Member lies hetween the W_dl (?reek and Belle F_mrchein a discontinuous pattern. The Frontier
Formatiun uveraii is a coarsening upward successiun. Tile sequence boundary oi' the Greenhorn and Niobrara
('ycles falls in the tipper Wall (?reek Member, The transgressive phase of the Niobrara Cycle suggests local
tectonic control o1the late Fruntier ttepusition,

LInctmt'ormatiesas observed in sequencesand marine deposits vary t'romplace to place within the geographic
and strati_raphic locations o1'the i++rontierFt_rmatitm. Thi,s paper recunstructs the chronoslrutigraphic sequencesof
lhe Frontier Formation usinb,lextural features, litholo_y and mapsfor the correlatitms.

Miller, F, X., 1_,_77,l:liostratit_raphic currelation oi+the Mesaverde (Iroup in Southwestern Wyumint_ and
Northwestern ('_luradt_: Rocky Mountain Asset. (ieul., Syml'_usiunl,p, I 17-137,

The Mesaverde (iruup consists uf tipper Cretaceous marine strata in eastern Wyuming, and f_ulorado and
ram-marine strata ill north-central Utah. liiustraligraphic units are t'msedun tmleuntolu_ic data on the marine t'atintls,
I;aunld salliples are frt+_ll| cores alld outcrop, I;Orllhtltitlll tl_|llleSwithin the Mesaverde (_rOLlp are ditTicult to correiale
and differ t'rom basin lu basin. The purl'_Uscuf lhis paper was tu place all lh,, re_iunal l'ormalit)l_s in proper
chr(m(_str_iti+uraphic_rder, Nun+err)us maps m+dcorrelalhm clmrls are used to illustrate tile stratigraphy+

Myers, R, (+!,, 19'77, Stratigraphy uf the l:rolltier l:urnmtion (t;pper ('retaceuus), Kenllnerer Area, l+inculn ('ounty,
Wyoming: Wyumin_ (+eol. ,,\,+sot+(;uidebook, 25th Annual Field (¥+nl_l'ellce,t1.271-292.

The I:rontier l:orinatitm of Turrtmian a_eun the west side ul+the (+reenRiver i_,a_in,Wyumin_, is a nearsht_re
sequence t)f ill+,irJlle lind llcH111|+II'inL'henttmites, shales, _,Jltstones, sandstones, C(Hlgl(llllt_l'lltes, lllld c()als, These Sll'llt,tl

represent two cycles t+t+elastic shureline progradatiun alon_ the western l+rin_ue_t the ('retaceotls Seaway in the
western interit," of the United Slates.

Newman, II, E., igxl, (treater Green River Basin stratigraplLvas it relates tt_natural _asputential: SF'i_/I)()I. 9t_45,
i Presentedat +SPE/I)OI;5I,ow I+ernleahilit)Syml)t)sium, l)enver, ('t)l(n'adu, pagesUnUlnbered.

The 21,O()()square miles _)1'the (treater (ireen River I+lasinenculnpassesthe Green River Basin proper, tile
Rock Spring.sL+Iplift,the Red Desert and the Washakie and _SandWash l:+asins.Drilling fur hydrocarhtms reaches
depths of 2(),()()()ft. Natural _as is lound in ti_ht ,,antl_frum tile Mesaverde (houl_, l.ewis, l+ance,Furl tlnitm, and
Wasatch l'_rlnations,

Five lithofacies mapsuf tile basin arc presented,and u pet)lopical analysis t)l pt_tential_as reservuirs is _ziven.
The Allnond was tlep()sitedin transitional coastalplain ailtl t_e_rshorecnvirt)nn_ei|ls dtlrin_ a tl'ans[2ressitm;however,
the barrier island sedilnenls were dr:pestled durin.u stillslands or local re_zressiunsuf the l.ewis Sea, The Almond
barrier may have advancedseawardas tnuch as 2()miles (Jacka, 196.':i)+

Pryor, W, A,, 1961, l_elrography of Mesaverde sandstonesin Wyoming: Wyumin._ Geul. Assoc., 161hAnn, Field
Conf, Guidebook, p. 34-46.

This study was based on a systematic sampling of outcrt)ps fronl Ul'Jperlnost, middle, and lower sandstone
budies in the Mesaverde sectiun l'rum a number of formations includin_ the Almond. Textural dassil'icatiun ot' the
Almund as a lithic graywacke (immature chert arenite) with 25g u.hert: Q58F121,',3(I. tleavy rninerals conlprise less
than ().8+._:by weight of Mesavcrde sandstune star,pies+ Much o1'the repurt dwells tm sp_.,ciesand interpretation of
heavy minerals

Riehers, D, M,, 1990, Patrick Draw Oil FieM: Unpublished review copy, Submitted to AAP(_i+
Discovered in 1959, the estimated reservesare 200 to 250 MMBBI+ oil. Patrick Draw is .just one ot' many

Cretaceousoil t+ieh.lsin Wyoming that producefrorn elont_atesand bodiesthat were distributed alonL?,the nmr+in of
the Upper Cretaceous Sea, The fieM is divided into three producing units: (nurth to south) Patrick Draw North,
Arch, Monell, Production is l'rom Almond, although localized pay or shows in l+.ewis,Fox Hills, and Lance
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t'ormations(Cretaceous),as well as frt)m the PaleoeeneI;orl Union and l_tlceneWanatch t_rtnaiions. Patrick l')ra_,_
like, tnosl fieh.l._in lhe area, in a smldgrar_hicmq_. The Almond is teh It) represenl near-.,dlL_reharrier har and heaeh
front sand_, As a result, reservoirs tend to he severalmiles long and lensthan 4 miles wide.

The field is located on the eanlerntlank of lhe l.aramide Rock Springs tlplitl, andtm Ihe _ouihern limb _1the
Wamnutter Arch. Presenl axis L_t'the arch is ah_ui I() milr_ rlortt'__t the _ri_inal axi,, lurtrled at the end ol the
('retaceous. Vitrinite reflectance data and tllermal modellti_ indicate that Patrick I)r'av, i,, currently in the _il
wind_)w; lhe Lewis _hale several mile.,,eastof Patrick I')ra_,',_.'_uldhave entered ttie ()il windrow' IX-2()milli_,l )ears

The Almi)nd represent,,near-sh_reharrier hat andA_rancient nh(}reline_,v, iih _,m.' _hallow tidal-liar facies
(ienerally, tile pr_ducin_ sandst_mehl_die_are less It|ira 2 miles wide ands_mletire up m 2()miles in length. I.ateral
facies changes are ahrupI, resullin_ in extreme pt_r_sil,,,dirreren_..e__ver _ very .,,malldi_lanee_ L1pdipseal toe
,_trati_raphi¢traps is provided hy facie_ chan_e int_ len_permeable coastal plain _hiflen and _iltnt_me_, Overl)in_
seal in pn_vided hy the l.ewis Nhale, UA.-6 in pr(_duciive_mly in the n_rihern p{)rlil)rl i)l the rield, ilhl)Lll l()-rl heh_v,
tile IIA-5. LIA-._anti LIA-6/,ire _etlerally nepartlted by ;i dark _rlly shale lind silty shale.

"ridlll rib,its are rei_resented ;1_,t'Jlle-_21ilillet.I, I_llllinat_.'d _111(.!rirll}l(.'d lllLid,,l(mt.,n filial Sllll(l_lt)nt?._. l}llrro_n arc

cOI11111LHl, I_videneefor nlnall lidal creeks Includes del(,med _lild nluml}edtellltlre._,

Marsh envirtmlllents are evidenu'edt+)'dill'k, ,_r_illfic-tich vet+) fine grai_ed s+llltlat_dIllUdSl(me. Some et_alis
als(_prenel+l.

()il .,,;ampleshad AF'I _ravity t_f 44.-1and a densil.,,_t' (i 7t+77_/c¢ ill 2._ (', _mdil (i()R hetwern _'_<tIl:I tt_
15_4:1 l't,' Almond prtldLlctitm. Whtfle t_il ehl+olllilltl_riuil shtl_,,,n prel+lmdcran_:et_i li#hier n+paraft'inctmq)tmenis
_enerally indicative ot tnaturily h¢catisc |nature oil,, _ire,eenerall>enriched in ihe li+htcr clmll'_orlents I'ristane to
i_hytaneration greaterthan ._.()in high wax crude (ills and¢_mdct_salescharacterize inl}Lttt+ll)ttl trrrigenoun trill|trials
common t() I_.ieustrirle,tluvialile, ariddeltaic elIviriHllllelll% Thi,, _.l_nenMltellll'itn I)atriek I)niv,, ,'\ terri_en_)u_s{)uree
h)r Patrick Draw oils is stron_iy _u_ested.

SuM'ace _.eoehernicai studie_ supr_{)rt; (ij lia¢luren _itl{I U.lulln arc Ihe i'uelerred mi_tali{m p_llh_,va)_t
hydn)¢arhonn leaking t'ron] the suhsurl'iicc renel'voir tl_the suMace, (2)high surlace hydr_carh_m an{mlalie,, _lre
rel}e{ttllhle over it r_el'iod (}1"yearn, (]) _et}biH_,tllic_il _.|ntHli_llie_ exisl ltvt.,r the _;|_, k';,ll_ill_'e"del'll up-dip i_l)rtionn ot the
Field. A ntl'ess¢(J _;.l_e k'litl|lllllllity i_ h)i,.'illed i)vl.,l Ihe ih.'ld.

Richers, 1). M,, V. 1'. ,lOBeS,M, 1), Mallllews, j. Mai.'li)lek, r, ,I. Ptrkle, lind W, ('. Sidle, 19Xfl. TI}e i{)X),
l.alld!,al ntiil-_.ts _t_t)chellli¢iil yitll'Ve), ill l)_.ltri_.'k l)Niw {lle;.i, _,vet.'tv,;.it_.'r ('lllillt%, \VVtlIIIilI_; A,\l)(i Hull., ',' "7(), p

l_,esamplingthe {leon;it test site _|lI_iitt'ick I)ra_ in{lie;Iced th_itthe I_X();_nsensmeniwas _._rreul: th_|tI'm.ills
;llid IrLletUrc's visit_le as lille{jr fe[lltllt.'s I)11 s_|h.'llitc _tnd ;tifkl_.lit illl_l_L'l'% Priori{It l_lllls l(Ir dcliV_.' Illi¢l(Is(.'el_l_t,, Ill

Ilydl'lwiirl'_imn l'riml depth to the ne_lrnl|rl]iee. This ilnn_)ci;ili(mis I};.ulieul_|rlyIrtir near the carlil.'r described blighted
nitreZOllcn,where iillluL'hwid_.'rill'ellill'itIllIiIH.lllIusl)'highi}_.'es_)il_;_n',,_|luc",;|ridl'liiiH'e'..,_,.'UllceWilnrevealed

Rlchers, i). M., R, ,I. Reed, K. U. Ilorstntan, (;, I). Michels, R. N. Ilaker, I,. I,undell, and R, %%'.Ma-rs, IgX2,
l.andnat and noil-_an ge{_chemicalstudy of Patrick Ilr,t_ ,,II field, _Weet_Ailter('t;lillt_, WyIIIllill_: AAP(; BulletIn,
v. 66, p. 9()._-922.

Anl)tiitih)un h),dr(lclirh{in CilllCetllr_lliillin ill s_il-_itn n_llnlilen_il_]!elirill th{ine illl.'_inIle_il lillelllilentn inal}ped
froln I.allClkal itlili_e._ tit" the Pairick [)r_i_ l"ield 'Phese linealnel_IS i'eprekeill cxlennilln_il faulls and frli¢lures
I)ri)duced durin7 llt've]_)l_ilil.,iil (ll" ihe R_)¢kSpriil_s Ill}lift i(i Ihr went _evelal _1"the Iineanlenis extend l(i depth and
_irelible Ill .,,ervelis conduils lilh)win_, l_reterelllilil Inicruseel_atz¢i)t hydl'llCal't_uishi the nul'ta¢¢ ill lhe I_ali'ick l)riiw
area, indicaling the liillure i)t exp_,ck'dI1),drl)c_irh()ns_ildeplh.

Rlizma, Ill, R,, 1lj$$, l.iil¢ ('relaee(lu_ and liarly ('en()/i)ic nlruc'liirlil piillL'i'n, sl)uitlern Rllck ,Springs llplifl,
Wyllllliilg: Wyolnin t Geol. A._soc.IOth Anilu_ll I;ield C'ont'ereilce(iuidehook, (heen River Basin, p. 1.t$..13"/.

The _lru¢iure of ihe lt_)ck _prili_._ Uplii'i exp_)_e._ii succt,ssi(lil (it I.ai¢' (,r¢'lzieel)un and I;.iirl), Cenllzl)ic
t'orlnlilion_ elinl of Rock _pl'in_s, Wy(liilill_, Tile lil)pcrlilllnl slralli _irelluic'rlipk l)l' lilt (heen River (l,.'llcene)lind
l_orl Union (Pal¢ocen¢) f()rnlalionn. The IowernlllSi nll'tiili exp(ised are lhe l]ii_ler Shale, Iilliir, and Man¢l)s Stltile
forlnalioil._, all Upper CrelliCeou_. The heds clip I_ ih_ ¢ii_;Iltnl() ihe Wiili_suller Arch iillil lhe Red [)¢serl and
Wa,_hakie lttisins exposing Ihe Me_iiv¢i'de (iroul), l.¢wis _hiilt:, lind I,lin¢'e l:orlnlililln, The nuiller(}us
unconforlnilies lind ovi_rlap.nlive an indiclili(in ()t'the _,realchangesbrou_hl abl_lil by _lrl.i¢luial in!lvenlenl.

Roehler, tt, W,, 196_, _Unllnary of Pre-l_lirallli(.le I.ate {'rela¢l_ous _cdhneniliiion in ihe Rl_ck Springs Uplii'i arelu
Wyon!ing Geol. A_s()(.:. 19ih l_ie!d Conference (luidebook, _edimenlalion (if l.ale ('retacellu,_ and Teriiary
Oulerops, Rock _prings Uplift, p. ii-12.
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Short descriptions of the late Cretaceous formations in the Rock Springs tlp!i_t accompany a map showing
depositionai relationships, The section is restored to late Cretaceous view and _he extent ,'_fTeritary erosion is
shown cutting through the Lance, Fox Hill, and Lewis Shale formations to expose Imderlying units.

Roehler, !t. W., 1977, Lagoonai origin of coals in the Almond Formation in the Rock Springs Uplift, Wyoming:
!977 Symposium on the Geology of Rocky Mountain Coal. Colorado Geol. Surv. Resources Series 1, p. 85.,89.

Three units are recognized:
Upper 3(X)ft-coastal lagoon, mixed barrier bar, lagoon, shallow marine; saltwater deposition is indicated by

shark teeth, and cephalopods.
Middle 350 It-brackish water iagoonal environment. Brackish water deposition indicated by oysters and other

mollusks.
Lower 200 ft-freshwatcr coastal swamps. Freshwater environment are indicated by dinosaur, crocodile,

turtle, and fish fossils_

Depositional Model: marine coastline with lag_ons formed behind barrier island during westward
trangsressions of late Cretaceous sea, Evidence for lagoonal origin of coals is: interlonguing and juxtaposition of the
coal beds and barrier islands and by presence of fossil oyster beds containing coal-bearing sequences. Eighteen coal
beds thal range from 25 to 16 ft thick have been mapped in the Almond Formation.

Roehler, H. W., 1977, Geologic map of the Cooper Ridge NE Quadrangle, Sweetwater County, Wyoming: U.S.
Geol. Surv.. Map GQ- 1363.

Roehler, tt. W., 1978, Geologic map of the Mud Springs Ranch Quadrangle, Sweetwater County, Wyoming: U.S.
Geol. Surv., Map GQ- !438.

Roehler, H. W,, 1978. Correlations of coal beds in the Fort Union, l, ance and Almond l_rmations in measured
sections on the east flank of the Rock Springs uplift. Sweetwater County. Wyoming: U, S, Geol. Surv., Open File
Report 78-248.

Fold out stratigraphic c_dumnand measured sections of the upper Mesaverde Group formations.

Roehler, H. W,, 1978. Correlations of c¢nll beds in the Fort Union, Almond, and Rock Springs Formation in
measured secti¢ms un the _est flank _t"the Rock Springs uplift, Sweelwater County, Wyoming: U. S. Geo. Surv.
Open File Report 78-395.

A fold ¢mtstratigraphic column and measured section ¢ffthe upper Mesaverde Group formaticms in the Green
River Basin.

Roehler, tl. W., 1970, Geology and energy resources of the Sand Butte Rim NW Quadrangle, Sweetwater County.
Wyoming: U. S. Geol. Surv. Professional Paper 1()65-A, A54 p.

The Sand Butte Rim quadrangle is on the east flank of the Rock Springs Uplift in southwestern Wyoming.
The underlying 20,O(R)ft of sedimentary deposits include 28 formations ranging in age from Cambrian to Tertiary.
Upper Cretaceous and lower Tertiary rocks outcrop and dip 3 to 6 degrees southeast. Coal resources are estimated at
I billion short tons in the Fort Union, Lance and Almond formations. Oil was first discovered in Sand Butte Rim

quadrangle in 1959 at Patrick Draw Fiehl.

Roehler, H. W., 1979, Geology and mineral resources of the Mud Springs Ranch Quadrangle, Sweetwater County,
Wyoming: U. S. Geol. Surv. Professional Paper 1065-C, C35 p.

Mud Springs Ranch quadrangle is located on the southeast flank of the Rock Springs Uplift in southwestern
Wyoming. Sedimentary rocks exposed are 5,4{){)feet thick and are gray sandstone, siltstone, and shale; gray and
brown carbonaceous shale and thin beds of coal. The Blair, Rock Springs, Ericson, Almond, and Lewis formations
of Cretaceous age and the Paleocene, Fort Union, Formation are represented. There are three coal beds in the Fort
Union Formation and 15 in Ihe Almond Formation that can potentially be mined. Oil and gas tests have been made,
but the structurally controlled stratigraphic trap prospects have not been analyzed.

Roehler, H. W., 1979, Geologic map of the Camel Rock Quadrangle, Sweetwater County, Wyoming: U, S. Geol.
Surv., Map GQ- 1521.

Roehler, H, W,, 1979 Paleogeography and lithofacies of barrier bar G and associated rocks, Almond Formation,
southwest Rock Springs Uplift, Wyoming: Rocky Mountain Sec. Soc. Economic Paleo. and Mineralogists, Field
Trip, Cretaceous of the Rock Springs Uplift, Wyoming, p. 2-21.
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Surface and subsurface investigations of barrier bars in the Almond Formation are discussed.
I. Barrier bars were deposited in interdeltaic areas during the westward transgression of the Lewis Sea in the late

Cretaceous.

2. Large brackish lagoons formed behind the barriers
3. As many as ten barriers are stacked along the east tlank of the Rock Springs Uplift. The vertical sequences are

cyclic:
a. marine erosion

b. lagoon and back barrier carbonaceous shale
and coal

c. dune, washover and tidal channel sandstone
d. upper shoreface ,_andstones
e. middle shoreface sandstone
f. lower shareface sandstone

g. marine shale
I1. marine erosion

I 4. Lithofacies are identified by primary sedimentary structures.
5. The barriers are prograding.i

6. The shape, size, and spacing t_t tidal channels, tlood tidal deltas and ebb-tidal deltas sugges_ a tidal range of 5 to
6 ft.

Roehler, H. W., 1988, The Pintail Coal Bed and Barrier Bar G - A Model for ct_al _t" barrier bar-lagoon origin,
Upper Cretaceous Almond Formation, Rock Springs Coal Field, Wyoming: U.S. (;eolc_gical Survey Professional
Paper 1398, 60 p.

The early Maastrichtian upper Almond barrier is 6()miles long and 4 miles wide. There are 18 miles of
outcrops on the east flank of Rock Springs Uplift.

The study was based on outcrops around Rock Springs Uplift: 104 measured stratigraphic sections plus 14
others that describe lithofacies and primary sedimentary structures were used. Four widely spacecl holes were drilled
and logged (no cores were taken).

Barrier bar G: mesotidal (4.5-8 ft range): islands 5 to 7 miles long, roughly drumstick-shaped, washover fans
present, but not common; numerous tidal inlets; flood-tidal deltas large (up to several miles wide); ebb-tidal deltas
rnc_derately large to small.

Divisions of Almond Formation: Upper 100-4()0 ft-vexy fine-grained to medium grained; dep_sited in
shallow marine, barrier bar and lagoonal environments; sahwater f:,una-marine m¢)llusks, shark teeth, ammonites,
numerc_us trace fossils. Middle 125-250 ft-brown carbonaceous shale and coal, sollle thin interbedded gray shale
and gray, fine-grained crossbeddcd sandstone deposited in lagoonal envir_mvnents; brackish water fauna of abundant
oysters and brackish mollusks, l.ower 1()0-600 ft-swampy, ct_astal plain setting: fresh water fauna of dinosaurs,
turtles, crocodile, and fish bones.

The Pintail coal bed was dep_sited in a lagoon, landward c_l"barrier bar (3. As the barrier prograded, the back-
barrier llat was progressively covered by swamp deposits that include the scaward wedgeout of the coal bed. The
coa pbed is massive and locally more than 6 feet thick. Splits and partings _._tcarbonaceous shale are interpreted as
tidal inlet and tidal creek deposits. The model demonstrates that the barrier and its lagoon evolved through saltwater
to brackish-water to freshwater stages, with the times of maximum peat accumulation occurring in the freshwater
stage.

Roehler, H, W,, !990, Stratigraphy of the Mesaverde Group in the Central and Eastern Greater Green River Basin,
Wyoming, Col¢_rado and Utah: U. S. Geological Survey Professional Paper 1508, 52 p.

The Mesaverde Group comprises 5,000 ft of depos2ts in the central and eastern Greater Green River Basin.
The lower Mesaverde formations; Rock Springs, Blair, Hay.stack Mountains, Allen Ridge and Iles were deposited in
a major eastward regression of the Cretaceous Seaway. A regional uplift of the Rocky Mountains followed the
deposition. The upper Mesaverde; Almond and William Fork forxnations were deposited during a westward
transgression of the Seaway.

Environments of deposition in the Mesaverde Group include alluvial plain, floodplain, coastal-plain, barrier
plain, tidal-flat, delta-plain, marine shoreline, marine shelf and slope deposits.

Lithologies, sedimentary structures, fossils, water depth and salinity, cliagenetic processes and sediment
sources are analyzed and illustrated.

Roehler, H, W., J. Horne, R. Levey, M. Hendricks, M. Van Horn, C. Land, and B. Weimer, 1979, Field trip
Cretaceous of the Rock Springs Uplift, Wyoming: Rocky Mountain Section, SEPM, Sept. 21-23, 1979, 72 p.
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A seriesof papers on the ('retacec;usget)h)gy _)t'the region ()t'the i,t¢)ckSprings tlpliti. The three day fieM
trip _l++servettoutcrops of the Aim(rot.l, Hlair, Rock Springs, l;_,xHills and l'_rics(mt<_rmali_;ns.Papers discuss the
imleoge_)graphy,lith_)h)gy, and slratigraphJc relaticmshipsof the t'_)x'mations_1the I,h,ck Springs [lplift. 'the papers
are well illustrated by maps,cross sections,c,_res,andr,aleo,ueographicrect;nstructi(ms.

Ryder, R. T., M. W. I,ee, W. K. AI.P,ena, and R. C. A,cler._o,, 199(9,Seismic cxprcssi_;n _)1stlbtle slral leapin
[Ipper Creluceous AIm_md: ()il ami (hLs Journal, v. 88, m,, 51, p. 54-57.

Patrick l)raw l;ieh.I produces_;ilandgas tmm a slratigraphic trap in the LlpperCreatce,l)usAlmemd l:cu'mation.
Table l,h_ckI'ield produces fmrn a faulted anticline structural trap from nlultiple Tertiary, Mest)zoic, and Paleoz_)ic
reser,,'_drs.The ol_iective of this study was (_ determine if tile straligrapldc Irap in the AI;mmd cL)uhl bedetected _m
a 12-_f()hlcc)mm(mdeplh p()inl seismic pmlile. Seismic data was analyzed acrc)ssthe entire l,h_ckSprings [Iplil'l.

Schatzinger, r.. A., M. J. Szimkiewiez, S. I,t. Jackson, M. M. Clmng, !_. Slmrma, M. K. Tlmm a,d A. M.
(:heng, I(;(.J2,lnlegrated (;c(d(;gical-I':ngincering M(;+.Icl()1'Patrick Draw Field and I!xamples _)1Similarities and
l)ifli'rences AI;Hm/2Vari_msSh(,reline Barrier Systems: I)()li l,tep(,rtNlPlil,t...575, 14(ip.

Sl+_orelineharrier dep(_sits were studied t(_determine pr()hlems specific t(_ this class _d'rcserv()irs and t_,
dcveh_p metlLods I_ characterize sl_)reline I_arriers. Pretlicti(m _;l'residual _)il sattltati()l| _)ll iaterwell scales ;_;_<.1
itl_prt_vclnenl_)1tlt)w patterrls (ff injected fluids waszmi;lll>_>rtanlgt>al.

I++<uirmain areas studied were: (I) deveh_l+mentt)t' a quantitative getdt_gicaland engineering n_t)delliar i_alrick
llraw I:ield, Wy_m_ing:(2) c<m_paristmtd the mest_tidalharrier island system at Patrick l)raw I;ield tt_ the micrt_tidal
I_arv'ierisland systen_ at Bell ('reek I:ield, M_ml;in,_;(._) al",plicali_m_I"ge_slatislical analysis I_ determine itvlcru,'elt
i,r_,pcrties at I)atrick I)raw I:ieh.l_ ¢--1)c_mlinm:d dcveh)pme;_l _)1';nelh_d(do,eies Ic_characterize slu)reline harrier
le_elv()ils,

l.aler c_)n_l,',trtment;tlizalitm in indicated at l)atrick I)laW l;icld by" (I) ;ttl()lll;_|h)us prt_ducti(m z()nes, (21
i,recipittu_s changes in I+()rmatitm water salinity, and (3) large decreases in f(_rmali(;n presst_t+cduring primary
im)dL_ctitm. ('hant'_eling aml p(_>rwatert'h)t>d sweep efficiency in tile Arch t !nil may he caused by I'ractL_res.

The c_m_palis_m and c_)nll'asl belween Patrick I)raw I;iehl and Bell (.'reck I:ield shrew thai t_)ll_ reserw)irs are
ctm_lmrtmentalized. Initial prt_ducti_m in influenced by tile internal m'chitecture _)f the reserw_ir. Sec_mdary and
l¢l'li;.ll'y prt|ducti_m are there inl'luenccd by Mrtlcltllal and diagene(ic features, l:aults in both fields c(;;_trilmle It)p()or

sv,/cep efficiency, l)iagenelic oh;rages were mL)resignificanl at Bell ('reck in the early stages _1' leaching, at F'atrick
i)raw the hfler stages _flcenmntali_m by carb(m;.fles and clays had m_re signit'ic;ml effecls.

Shapur ji, S. S., 1978, l)ept)siti_mal envir_m_nenls and c_,rrelati(m (_1"the _es:_vc;tle I;ormali_m, Wind River Basin,
Wy(m_ing: Wy_m_ing(;e_l. Ass_)c. 31)lh I:iehl ('_mf. (;uMeb_ok, p. 167-18().

The tipper ('rclace(_tls Mcsavcrde l;()llnlllit)ll in widespread in the central l,h_cky Mounlain area. in the Wind
River F;asin lacies include n_arinc and m_nmarine s;.Lndslones, sillstcmes, shales and c()als. The multiple
transgressions and regressi_ns caused intert()nguing ()f marine and mmmarine tlep_)sits and c()nl'used the
stratigraphy. The Wiml River Basin in a strt_clt_r;.IIbasin htmnded on the west hy the Wind River Mountains, t)_lthe
n_rth by the Owl Creek and l'lig Horn Mountains, on tl_e east by the Casper Arch, and on the sotflh by the Granite
M_mntains. The Mesaverde i;ormati()n has extensiw._exposures (m the I'hmks of the Casper Arch. A number ()f well
I_)gsand cores were c()rrelated to describe and interpret the c_)mpl¢× stratigraphy _)l the Mesaverde l;()rmation in the
Wind River Basin. The c_)aland hydrocarhtm pt_tential liar the Mesaverde ]:Ol'lll;.tli(lnin discussed. AI lhe time ot'
publicatitm c(ml was of greater significance tltan _)il()r gas.

,qharma, B., 1992, A new technique to estimate vertical variability ()1"rock im)perlies ti)r reservoir rock evaluation:
SPli 24724, Soc. Petroleum Eng., 67th Ann. Tech. Conf., Washington, !). (2., p. 637-652.

l:_xamples from Patrick Draw I;ield, Wyoming and Bell Creek Field, Monlaxla are presented t_)demonstrate a
new technique ti)r descriptitm of vertical wariability within a reserw)ir, lntbrnnation on rock pr_perties used t(; verify
the technique includes: geological descripticm of cores, XRI) analysis, S!!M and CT-scan data, p()rosity, air
permeability, primary and watert'h_od t)il pr()duction data.

The vertical distribution of reservoir rock properties available as a function of depth is transli)rmed into
t:unctitms of frequency (cycles per ti)ot) by the application of standard time series analysis techniques, l';stimatJon of
vertical variability is c()ml_uted by a 'power spectra' ()f core measured permeability, and digitized gamma ray, sonic,
density and neutron I_,)gs. The 'power spectra' tbr a clean sandstone decayed very rapidly at higher frequencies if
there was rm thin bed stratification, Sandstones with variable reservoir properties showed slower decay in the
'lmwer spectra'. Katdinite clay filled sandstones she,wed very h_w amplitudes al higher frequencies. The study of
decay spectra may provide quantitative int'orm;flit)r_on variations in cement cor_tent and types and volumes of clays
in reservoir rocks.
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Smith, L. K., and R, C. Surdam, 1992, Cyclic CO2 enhanced oil recovery in Wyoming Cretaceous fields:
Wyoming Geol Assoc. 43rd Field Conf. Guidebook, p. 145-166.

A number of CO 2 projects have been attempled in the Cretaceous oil reserwfirs of Wyovning. Both reservoir
geology and fluicl geochemistry at'feet the success of CG2 projects. Five case studies from Wyoming ;ire presented
and analyzed and recommendations given. The five reservoirs tested are t'rom four Cretaceous formations in
Wyoming; Dakota, Muddy, Cody and Frontier.

The major problems in the CO2 projects have come from confinement, loss of CO2 and scale damage or
precipitation. The confinement of the CO2 to near the well-bore is essential to maintain contact with residual oil and
to move the oil. This loss of confinement is usually due tu high permeability, heterogeneity of the reservoir,
fractures and the spacing of nearby injection or production wells. Scale problems are not as common with cyclic
CO2 projects, but cause severe damage when they occur. Shortening the duration of CO2 soak time will lessen scale
problems. Other causes of scale damage are abundant calcite in the reservoir and large pressure drops into the
wellbore.

Stearns, D, W., W, R. Saerison, and R. C. Hanson, 1975, Structural history t)t" southwestern Wyovning as
evidenced t'rum outcrop and seismic: Rocky Mountain Assoc. Gecfl. Symposiuvn, in Deep Drilling Frontiers ot' the
Central Rc_cky Mountains, ed. D. W. Bolyard, p. 9-20.

qhe study area in southwestern Wyoming includes the Red Desert, (keen River and Wind River Basins, The
Western Wyoming thrust bell lies just west of the study area. The mountain ranges in the area were produced during
the Imramide Orogeny. Early structural deformation began in the Precambrian rocks of the Sierra Madra, Medicine
Bow, Wind River and Owl Creek mountains. The widespread Cambrian sandslones were deposiled on a penephmed
Precambrian surtime. Later deformations occurred in the Ordovician and l)evonian. During the Pennsylvanian the
regicm was a sedimentary depocenter. Shallow marine and continental sedimentary deposits of the Mesozoic
indicate a relatively stable area. Movement was a slow continuous downwarping with 30,000 ft of Cretaceous rocks
deposited. The ehmgate Moxa Arch tormed in the Cretaceous. Seismic evidence tbr the Cretaceous downwarping
and crustal movements in southwestern Wyoming is discussed in detail.

Stone, D. S., 1975, A Dynamic analysis of subsurface structure in northwestern Colorado: Rocky Mountain Assoc.
Gecfl, Symposium itt Deep Drilling Frontiers of the Central Rocky Mountains, ed. D. W. Bolyard, p. 33-40.

Northwestern Colc_rado subsurface structure is extensively folded and faulted. The fold-fault trends are
consistent with regional tectenic trends which effect the central Rc_cky Mountains. The structural trends and
anticlinal ti_lding in northwest Coh_radc_are very ccmlplex and toni'using. They were formed by northeast-s_uthwesl
compression extending from the Precambrian through the l.aramide. Numerous maps and cross scott(ms are used t()
illustrate the stages discussed. Northward in the Green River Basin the wrench faults of northwestern Colorado
become deeply buried and die out in the Upper Cretaceous rocks (Almond and Lewis formations).

Surdam, R. C., 1992, Sandstone geornetries, petrophysical characteristics, and prossure regirnes, Mesaverde Group,
Green River Basin, Wyoming: Wyoming Geol. Assoc. 43rd Field Conf. Guidet:_ook, p. 167-169.

A summary of the lithology, pelrophysical characteristics and pressure of the tight gas sands of the
Mesaverde Group in the Green River Basin, Wyoming. The Mesaverde ranges lrom 2,000 m over 5,000 feet in
thickness and covers 19,000 sq. miles within the Green River Basin. Hydrocarbon production is primarily from tight
gas sands. The sandstone beds consist of multiple stacked wedges of dellaic deposition into the Western Interior
Seaway. Two major regressions, two regional transgressions and numerous Ic_calevents encompass a period of 13
million years. These sea level changes have compartmenta!ized the basin into shoreline, nearshore and offshore
sandstones which interfinger with each other.

Szpakiewicz, M. and A. G. Collins, 1985, Hydrochemical Study of the Upper Cretaceous and Lower Tertiary
Formations in the Uinta, Piceance and Greater Green River Basins; Implication for Oil and Gas Related Problems:
DOE Report NIPER-95, 70 p.

Formation waters from Upper Cretaceous and Lower Teritary strata in the Uinta, Piceance and Green River
basins were analyzed for hydrogeochemical components. Oil and gas reservoirs in these basins are organic-rich,
non-marine rocks of lacustrine, paludai, and alluvial origin.

Chemical analysis of the samples reveals zones within the rocks depend on proportions of meteoric, ancient
marine, and diagenetic fluids, Anaerobic bacteria has caused biochemical degradation in some zones. Isolated,
biologically inactive low-temperature zones are favorable for oil survival. Formation waters may be diluted or
enriched by bicarbonates, by thermal decarboxylation of organic acids, or by thermometanmrphism ot' the
carbonates.
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Szpakiewicz, M. J., R. Schatzinger, S. Jackson, B. Sharma, A. Cheng, and M. Honarpour, 1991, Selection and
Initial Characterization of a Second Barrier Island Reservoir System anti Refining of Methodology for
Characterization of Shoreline Barrier Reservoirs: I)OE Report NIPER-484, 170 p,

Patrick Draw FIeM, Wyoming and Bell Creek Field, Montana represent a combination of end-member models
of shoreline barriers developed under different hydrt_dynamic conditions. The hydrudynamic conditions primarily
inwflve changes in sea level and the dominant tide trod wave regime ol'a coastline. The Muddy Formation in Bell
Creek Field consists of fine-grained littoral and neritic sandstones deposited as shoreface ,+rodforeshore facies in a
shoreline barrier system, The Almond Formati(m in Patrick Draw Field has two units; I'ine- to medium-grained
estuarine sandstone deposited in a tidal channel/tidal delta environment with associated migrating tidal inlets, and
fine Io very fine grained littoral and _+hallow neritic SalltJslones. The similarities and contrasts between the
microtidal (Bell Cret+'k) and tnesotidal (Patrick l)raw) types of shoreline barrier deposits is used to improve the
generalized shoreline barrier model. A study of the engineering and geological data is used to correlate the
heterogeneities with log signatures, pressure, injection, production characteristics, and fractual distribution.

Thomas, (;. E., 1973, F.vanston IAneament Green River Basin. Wy(_ming: Wwmaing Geol. Ass_c. 251h Annual
IZield Conference (iuideb¢iok, Sylnpi)siuul and ('tire Selnin;.ir tin the (;eulogy ;.ind Mineral Resources of the (treater
Green River Basin, p. 93-95.

ERTS imagery in the Green River Basin area of southern Wyoniing shows a pronlinent tonal alignnletlt which
is here named the F,vanston lineament. The l-vansttm lineanacnt is parallel to the Sweetwater P,iver lincalncnt
defined in 1971. The outcrt)r) pattern in the pht)tographs sh(),,vs that the lineament extends southeasterly into
C?(_h_rad<> between the Washakie 13asin anti tile Uinta Mountains,

Thomas, J. B., 1978, l)iagcnetic sequences in h_w-perme:lbilitv _lr+eillaceoussandstt)nes: Journal of the Geological
Society of l+.or_don,v. 135. p. 93-t)9.

Based (m Cretaceous sandst()nes from the R()ckies, a tegular sequence t)f mineral para_enesis is (_bservctl in
low permeability sands, Diagenetic SCtlUences ill the cuarser sandstones do not match the order el+free energies el:
formation. This implies that early precipitati(m it) very fine-grained sandstunes probably occurs under nearly static
conditions, whereas constant fluid throughput in coarser-grained rocks leads tua markedly different t.liagenetic
sequence. Thus, t_s.()putential sandstone reservoirs, unc coarse and (.)lle very fine, ct)nlmonly will have different
.+mthigenic mineral suites even though their original pore waters were broadly identical.

The author uses examples froln the Almt)nd Formatit)n; ctmtrasts upper Almond/coarser, cleaner) with lower
Almond (finer grained, tighter).

Tiliman, R. W., 1990, Tidal channels in Almond barrier islands santlstones, Patrick Draw Field, Wyoming (abst.):
in Davis, R.A. Jr., D. Nutnmendal, and R. W. Tillman+ Conveners, Tidal Inlet and Related Sand Bodies: Modern and
Ancient; SEPM Research Conference, San Juan Basin New Mexico, May 5-1(), pages unnumbered.

The reservoir produces from tidal channel sandstones designated as UA-5, that consist of a western barrier
island and a younger overlapping eastern barrier island. In parts of the fields, the barrier islands have been
thoroughly dissected by what are interpreted as tidal inlet channel.,+. The UA-4 and UA-5 reservoirs include tidal
inlets, while the UA-6 sandst()ne may be predominantly tidal creeks. The western barrier, and in places the eastern
barrier, rests with sharp contact on a widespread coal that forms the uppermost unit ¢_t+the underlying cyclic
sequence.

The tidztl channel fill typically is coarsest grained and includes abundant transported oysters at the base.
Oysters also are scattered throughout the lower half of the inlet fill. Current structures, including cross-lamination
and asynlmetrical ripples, dominate the inlet fill. OphivmorlHta and other burrows are scattered throughout the
sandstone fill of the inlet.

Van Horn, M. D., 1979, Stratigraphy of the Almond l:orrnatiorl, East-Central flank of the Rock Springs Uplift,
Sweetwater County, Wyolning: A mesotidal-shorelirte model tier the Late Cretaceous: M.S. Thesis, Colorado School
of Mines, 150 p.

The Almond Formation was deposited as a mesotidal barrier island coastline on a fluvial-coastal plain, with
estuarine, open-marine littoral, and shallow neritic environments, The lower Almond ix fluvial deposits of small,
lenticular, channel s:_ndstones; levee, overbank, and floodplain sandstones, siltstones, mudstones; and carbonaceous
shales and coals. The upper Almtmd is a sequence of coals deposited in fresh water coastal-marsh environrnents;
carbonaceous shales, mudstones, siltstones, and thin sandstones deposited in salt marsh-tidal flats in an estuarine
setting. A detailed analysis of the seditnents, fossils, arid sedimentary structures of the Almond Formation is
covered. Surface and subsurfitce studies of Patrick Draw Field indicate that the oil is trapped by a stratigraphic trap
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of combined facies changesand westward truncation, The overlying Lewis Shale provide,; an impermeable seal for
the migration of hydrocarbons.

Van Horn, M. I)., 1979, Stratigraphic relationships and depositional environments of the Almond and associaled
formations east-central flank of the Rock Springs Uplift: Rocky Mountain Sect. Soc. Economic Paleontologists and
Mineralogists, Fiekl Trip, Cretaceous of the Rock Springs Uplift, Wyoming, p. 50-63,

The upper Ericson, Almond and lower Lewis Formations are nonmarine to marine deposits of the final
transgression of the Cretaceous Seaway. They were deposited along a mesotidal barrier-island coastline in fluvial-
coastal plain, estuarine, and marine environnlents.

The lower Almond has tluvial-related deposits of small lenticular channel sandstones, levee, overbank, and
tloodplain sandstones, siltstones, mudstones carbonaceous shales and coal beds, The upper Almond unconformably
overlies the lower Almond. It has two distinct units ot"fine to medium-grained estuarine sandstonesand fine to very
fine grained littoral and shallow neritic sandstones. Tile estuarine sandstoneswere deposited in migrating tidal inlets
associated with a barrier-island coastline.

The large oil accumulation in the upper Almond is attributed to early placement of the Patrick Draw
sandstones in a structurally high position on the incipient Wamsutter Arch by downwarping to the west,

Ver Ploeg, A, J., R. H. l)eBruin, R. I.,. ()liver, and M. Clark, 1983, Almond and Frontier tight gas sand cross
sections, Greater Green R.iver Basin, Wyoming: Geol. Surv. Wyoming, (/pen File Report 83-5, 22 p.

The Almond and Frontier formations in southeast Wyoming account lor most of the tight gas sand production
in Wyoming. The deposits range from continental deltaic to barrier and oft_hore bar sands.

The Almond Formation is composed ot" fine to medium grained sandstones interbedded with shales, silty
shales, and coal units. The environments are barrier island, marsh-mudt'lat, and lagoonal-bay, The upper Almond
facies migrate upward stratigraphicly in a westerly direction approaching lhe Rock Springs Uplift. The overlying
l,ewis Shale represents the last m@_r marine invasion of the Upper Cretaceous sea.

Wach, P, H., 1977, The Moxa Arch, an overthrusl model?: Wyoming Geol. Assoc. Guidebook, 29th Annual Field
Conf., p. 651-664.

Moxa Arch is a major north-south structural feature exlending from Bridger l,ake, where it is over ridden by
the North Uinta Thrust Fault, to al least the Big Piney-Ira Barge Platform, where it becomes lost in lhrusl faulting
and attendant strike-slip faulting. The Moxa Arch may serve as a model for buried or scalped arches in the
Overthrust Belt.

Wanner, J. J., 1), A. Chesnut, and D. O. Cox, 1979, Gas production I'ronl light Mesa Verde sands in Wyoming-A
field case history: SPE 7934, p. 233-237.

Barrel Springs Field, Washakie Basin, Wyoming is described. Production is fl'orn Almond and Ericson sands
in Ihe Upper Mesaverde,

Weaver, C. E., 1961, Clay mineralogy of the l.ater Cretaceous rocks of the Washakie Basin, Wyoming: Wyoming
Geol. Assoc. 16th Anntwi Field Trip Guidebook, Symposium of Irate Cretaceous Rocks, p. 148-154.

This is one of the earliest papers dealing with the subsurface mineralogy of Ihe Mesaverde Group. X-ray
diffraction analyses of the clay size fraction of well cutting from Upper Cretaceous rocks in the Washakie Basin
were used to determine that clay minerals in the Almond Formation are comprised of kaolinite, montmorillonite,
cllloxite, illite, and mixed-layer illite-montmoriilonite. Weaver reported lhal montmorilh)nite (smectite) does not
occur at depths greater than 10,0()() ft because of its presumable conversion to mixed-layer illite-montmorilhmite.
Weaver did m_t attempt to distinguish authigenic from detrital clays but dM mentioned that some of the kaolinite
might he of diagenetic origin.

Weimer, R. J., 1961, Uppermost Cretaceous rocks in central and southern Wyoming and northwest Colorado:
Wyoming Geological Assoc. 16th Arm Field Conf. Symposium of Irate Cretaceous Rocks, Green River, Washakie,
Wind River and Power River Basins, p. 17-28.

Upper Cretaceous stratigraphy is very complex and the nomenclature is often confused. Changes from
marine to non-marine, as the Lewis Sea transgressed and regressed the area, are cornflaled across the region, not,just
in local basins. Maps show regional restorations of the stratigraphy from the Rock Springs Uplifl east Io the Denver
Basin and south toward Grand Junction, Colorado, Petrographic samples from a wide area of localities in Wyoming
and Colorado were analyzed and are presented in tables.
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Wetmer, R. J., 1968, Time-stratigraphic analysis and petroleunl acctimulati¢m, Patrick Draw Field, Sweetwater
County, Wyoming: AAPG Bull., v, 50, p. 2150-2175.

Patrick Draw Fieh.l wits discovered in 1959. Although several sandstone re,,,'rvoirs produce at Patrick Draw,
the principal productive interval consists of tWO sandstone bars at the top of the Almond Formation, Spatial
dimensions, lithologic character, and stratigraphic framework of the bars suggest that they are barrier-bar sandstone
bodies deposited along the margin of the Lewis sea. The bars are linear and grade updip into impermeable shale and
sandstone that was deposited in a swamp and lagoonal environment. A second important productive interval is
approximately 40-ft below the top of the Almond Formation. The areal distribution, lithologic character, and
stratigraphic framework of the sandstone in this interval suggest that i_ was depusited as a tidal delta in a lagoon.
Each of the three major productive sand be,dies have different oil-wa|er contacts,

Weimer, R. ,!,, and R, W, Ttllmlan, 1982, Sandstone Reservoirs: SPE 10009, Pres. at the International Petroleum
Exhibition and Technical Symposium of the SPE, Bejing, China, p. !-5.

Patrick Draw Field was discovered in 1959. Approximately 56 MMBBL oil and I1 TFC gas have been
produced (22 years). Reserves in place are estimated at 200-250 MMBBI. oil. The upper 6() ft of Almond
l:_rmali_m consists ot' two sands: UA-5 (upper sandstone I, UA-6 (lower sandstone).

LIA-6 Sandstone: Productive in West Desert Springs Field and northern par1 of' Patrick Draw. Gray, very fine
to fine grained calcareous sandstone, ranges freml ()t¢+ 25 t't; Average thickness 12 ft. Interpreted its tidal creek
channels and tidal |]ats west of a shc_reline sand trend based _m erralic distribution ot' production, fine grain size,
close association above and below with coal beds and lagoonal shale.

UA-5 Sandstone: Main producing zone in Patrick I)raw, Overlain by marine Lewis Shale, by oyster coquina r
layers or by 5-10 ft of carbonaceous shale and impermeable sandstone. The sandstone is quartzose, gray, fine to
lllediuln grained, calcareous and c_mtains abundant dark gray t{_black chert grains and minor amounts of feldspar,
quartz 64"_, chert 32_7_:,feldspar (mostly plagioclase) 4(_; trace amounts of biotite, muscovite, chlorite and zircon.
Cements are dominantly silica, calcite, dolomite and clay minerals (kaolinite). Thickness is 0-30 ft, lateral extent of
sandbody is 20 miles long, 6 miles wide. UA-5 pinches out updip at the western margin of Patrick l)raw into
impermeable coal-bearing shale and siltsmne.

i)epositional Model: UA-5 is a shoreline sand tlep_sit based on sedimentary structures and geometry. Unit
has characteristics of prograding barrier island slmreline deposit: coarsenin_ upward texture with burrowed
sandstone near base. overlain by irotlgh crossbeds in sets I to 2 t'( thick with laminae _f clay _Jrcarb_maceous
material within the cross lmnina Ol_hiomu;7_ha trace fossils indicate near normal marine salinity. The mesotidal
range (4 to 8 ft) is based on widespread occurrence and thickness of the channel sands.

While, E. ,I,, O. C. Baptist, and C. S. Land, 1963, Physical properties of the Almond sands in the Patrick Draw
area, Wyoming: U. S. Bureau of Mines, Rept. of Invest.. p. i-19.

The Almond sandstone slunples were included in part of a long term study of the relationship between the
clay mineral content of reservoir rocks and water damage. The physical properties and clay content of the Almond
slmdstone were analyzed in the labc_ratory. Samples were included from a wide area of Patrick Draw Field.
Susceptibility to water damage was estimated and the injectivity to water of the Almond sandstone inferred frorn the
samples.

Wiloth, G. ,l., 1961, Symposium on l.ate Cretaceous Rocks, Wyoming and adjacent areas: in Wiloth, G. J. ed,
Wyoming Ge¢_l.Assoc. 16th Ann. lzield Cemf, Green River, Washakie, Wind River and Power River Basins, 347 p.

Seven regional papers and l_rty papers em local basins, formations, and oil and gas fields are presented. A
road log of the three-day field trip is given along with numerous maps.

Winn, R, D,, Jr,, S. A, StonecJpher, and M. G, Bishop, 1984, Sorting and wave abrasion: Controls on
composition and diagenesis in Lower l-"rontiersandstones, Southwesterrl Wyoming: AAPG Bull., v. 68, p. 268-284.

The lower Frontier Sandstone on Moxa Arch was deposited in wave-dominated, multi-river delta plain which
prograded eastward into the Cretaceous Interior Seaway. l)epc_sitional hydrodynamics largely controlled diagenesis.
Fluvial sandstones contain a greater percentage of rock fragments and have less quartz than equivalent marine
slmdstones owing to the comhine,,I effects of sorting and wave abrasion. The coarsest sands and gravels, which were
trapped on the delta plain, were initially richer in rock fragments than finer-grained sands that were passed to the
shoreline. These latter sands had a significant portion _tunstable grains, including chert, destroyed by wave
abrasion. Quartz-rich permeable marine slmdstones were cemented early by silica (that preferentially formed as
mon¢_crystalline quartz), whereas primary porosity in quartz-p¢_or fluvial sandstones wits largely preserved through
this stage. Fluvial sandstones were affected more by grain dissolution, calcite replacement, calcite precipitation in
open pores, and by, subsequent carbonate dissoluticm. Fluvial sandstones generally have the best porosity and
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pernleability mostly due to creation of secondary porosity. Compaction in finer-grained sandstones destroyed
permeability by squeezing clays into open spaces. Other major diagenetic processes are h|te-stage growth of
kaolinite and continued precipitation of silica.

Wyoming Geologic_|l Association, 1973, Symposium and core seminar on the geology and mineral resources of the
Greater Green River Basin: Wyoming Geol. Assoc, 25th Arm. Synposium and Core Seminar, Casper, Wyoming,
178 p.

A description of proper core handling and labeling techniques used for core is discussed in this paper. A map
_t" the Greater Green River Basin designates where the samples cores were collected. Sample cores from 20
localities are shown. The cores are logged and shown with accompanying photographs, lntbrmation was donated
by a number of petroleum companies from wells in the Greater Green River Basin.

Wyoming Geological Associ_|tion, 1979, Wyoming Oil and Gas Fields, Greater Green River l:lasin ('2 vols):
Wyoming Geol, Assoc. Symposium, 428 p.

A complete survey (,through 1978) of oil fields drilled in the Greater Green River Basin, Wyoming is
presented. Each field is listed alphabetically and data is given in tabular tbrm. The discovery well is named and
dates ot"discovery and drilling are given. Data for each field includes; range and township location; gener:tl field
data on type of trap, number and type of wells; reservoir data on formation, lithology, oil statistics and cumulative
production; and ,,,tructure maps, A short discussion on the history or any unique features of a field is given in a
summary paragraph,

Yin, P,, ,!. Lhn, and R, C. Surdam, 1992, Petrographic and petrophysical properties of the Almond sandstone in the
Washakie Basin: Wyoming Geological Assoc. Guidebook, p. 191-205,

The Almond sandstones of the Waskakie Basin are described as subliltharenite, litharenite and lithic _Lrkose.
The sands are well-sorted and fine- t_ very-fine-grained. DitTerences in framework compositit_n, authigenic
minerals, and porosity and permeability occur above and below 8,()0() ft and these are defined in detail. The
resulting variations in types of hydrocarbon reservoir are explained. The diageneitc changes in the Almond
sandstones are the affect of durial at depths deepter than their present depth. A reconstruction of the diagenetic
changes and burial history of the Almond Formation is presented using data from thin sections; grain size analysis,
mineral composition, clay mineralization and cementation, and por¢_sityand permeability profiles.
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