GEOLOGY OF UTAH’S FAR SOUTH

THE WHITMORE POINT MEMBER OF THE MOENAVE
FORMATION IN ITS TYPE AREA IN NORTHERN ARIZONA
AND ITS AGE AND CORRELATION WITH THE SECTION
IN ST. GEORGE, UTAH: EVIDENCE FOR TWO MAJOR
LACUSTRINE SEQUENCES

APPENDIX A
Moenave Formation and bounding strata at St. George Dinosaur Discovery Site at Johnson Farm
(SGDS Section).
Section measured by James I. Kirkland Sept. 20-22, 2001. It is important to note that much of the outcrop
described here has either been highly modified or removed completely due to development in the area.
Base of measured section (12S 274040 E 4108609 N) started 95 m southwest of the fork between
Foremaster Drive and East Riverside Drive and crosses Foremaster Drive to west northwest (12 S 273842
E 4108675 N), where measured up to a prominent light green bleached zone (units 4, 5) below the first
ripple-bedded sandstone ledge (unit 6) and then back-tracked down gully and describe most of unit below
road. The combination of these beds and a 5 cm light greenish-gray zone 323 cm below were used to
correlate to the north to the base of Jensen Ridge (Kirkland and Milner, 2006; Milner et al., 2012) located
east of SGDS. Here, overlapping portions of the lower Dinosaur Canyon Member permitted these marker
beds to be identified and correlated. The rest of Dinosaur Canyon portion of the section was measured in
several overlapping sections following the strata as it dipped to the north along Johnson Ridge up to the
base of the Johnson Farm sandstone bed (unit 40), which had capped the north end this ridge (12S 274986
E 4109026) prior to development. The Whitmore Point section started by overlapping base of the
Whitmore Point in the road cut directly across East Riverside Drive from SGDS (12S 274706 4109132
N) taking advantage of fresh exposures due to construction of Fossil Ridge Intermediate School to the
base of Springdale Sandstone Member (12S 274646 E 4109345 N) . The Springdale Sandstone Member
of the Kayenta Formation up to the unnamed “silty facies” of the Kayenta Formation was measured from
12S 274107 E 4109393 N to the north-northwest 12S 273783 E 4109955 N below Black Ridge. Dip 4°
west-northwest.
DESCRIPTION

THICKNESS (cm)
Interval Total

Main body of Kayenta Formation, Silty Facies (measured in part)
87.
86.

85.

Mudstone, pale red 5R5/6, friable ...................................................................................... NM
Sandstone, yellowish-gray 5Y7/1, medium grained, ripple drift cross-bedding,
flat upper contact with overlying mudstone, wavy lower contact, locally cutting
out underlying mudstone and resting directly on the Springdale Sandstone
Member. At many localities in the St. George area the top of this unit preserves
dinosaur tracksites .............................................................................................................. 113 10146
Mudstone, pale red 5R5/6, friable, cut out laterally by unit 86 ............................................ 10 10033

Springdale Sandstone Member, Kayenta Formation
84.

Sandstone, grayish dusky yellow 5Y8/4-6/4, coarse- to very coarse-grained,
meter-scale trough cross bedding, lenses of pebble conglomerate at bases of
troughs with carbonate, mudstone, and chert clasts up to 4 cm across. At base of
unit angular mudstone clasts up to 20 cm across, well-indurated, form series of
rounded ledges from 1-3 m in thickness representing major cosets of cross beds. .......... 2785 10023

Total Springdale Sandstone Member.............................................................................................

2785

Whitmore Point Member, Moenave Formation
83.

Sandy mudstone, medium red-brown 10R 4/6, friable ........................................................ 51

A-1

7238

82.
81.
80.
79.
78.

77.

Sandstone, medium grayish-red 10R4/6 with upper half of unit very pale green
10G8/2, coarsening upward from fine- to medium-grained with increasing
induration, rippled cross-bedded .......................................................................................... 25
Sandstone, pale red 5R6/2, coarsening upward from fine- to medium-grained
with increasing induration, rippled cross-bedded................................................................. 31
Sandstone, pale red 5R6/2 mottled light greenish gray 5GY8/1, coarsening
upward from fine- to medium-grained with increasing induration, rippled crossbedded .................................................................................................................................. 46
Sandstone, very pale green 10G8/2, fine- to medium-grained; fish bones, not all
surrounded by concretions; uncommon and small; many fragmentary ................................. 4
Siltstone to fine sandstone, pale red 5R6/2 mottled light greenish gray 5GY8/1
from above, coarsening upward with increasing induration, mudcracks, fish
bones not all surrounded by concretion; uncommon and small; many
fragmentary, poorly-preserved dinosaur tracks .................................................................... 21
Sandstone, pale green 10G8/2, fine-grained, wavy bedding, well-laminated;
stromatolitic, ostracods (Darwinella, Schudack, 2006), conchostracans,

7187
7162
7131
7085

7081

(Hettangian assemblage of Euestheria brodieana and Bulbilimnadia
killianorum, Lucas and others, 2011), all vertebrate fossils in thin red

76.
75.

74.
73.
72.
71.
70.
69.
68.

concretions, containing abundant complete, articulated and disarticulated
semionotids (some articulated in 3D), Many iron oxide-stained concretion-coated
dinosaur teeth and vertebrae, coelacanths, semionotids (some articulated in 3D),
hybodont teeth and spines, palaeoniscoids; a single Eubrontes track recognized
on upper surface, main productive level in Freeman Quarry on Fossil Ridge
Intermediate School property (Milner and others, 2006a, 2012) ........................................... 3
Claystone to mudstone, moderate yellowish-brown 10YR5/4, moderately
laminated; abundant semionotid fish scales, small fish bones, coprolites with thin
oxidized crust ....................................................................................................................... 40
Siltstone to very fine sandstone, very pale green 10G8/2, wavy to ripple crossbedded, mudcracks; stromatolitic at base (~7 cm thick) semionotid fish, hybodont
shark teeth;“Lissodus   johnsonorum”   jaw   (Milner   and   others,   2006a),
palaeoniscoids, and coelacanths (including skull); base of the Freeman Quarry on
Fossil Ridge Intermediate School property .......................................................................... 13
Interbedded siltstone and silty shale, light greenish gray 5GY8/1 and pale reddish
purple 5RP6/2, respectively, well laminated, 3 layers preserving Grallator tracks............. 42
Siltstone to very fine-grained sandstone, very pale green 10G8/2, finely
laminated, mudcracks; common fish debris in red-stained concretions ................................. 3
Interbedded siltstone and silty shale, light greenish-gray 5GY8/1 and pale reddish
purple 5RP6/2, respectively, well laminated ........................................................................ 67
Limestone, light gray N7, sandy stromatolite layer, wavy, mudcracks, chert
blebs, fish scales, isolated bones, and articulated fishes in red-stained
concretions, ............................................................................................................................ 7
Interbedded siltstone and silty shale, light greenish-gray 5GY8/1 and pale reddish
purple 5RP6/2, respectively, well laminated, ostracodes, single articulated
semionotid fish not in concretion, preserved on shale layer ................................................ 54
Limestone, light gray N7, sandy stromatolite layer, wavy, mudcracks, fish scales ............... 4
Silty shale to siltstone, pale reddish-purple 5RP6/2, well-laminated, moderately
indurated, large mudcracks, thins and thickens from 18-35 cm, concretions with
articulated fish,” fish sticks,” isolated scales and bones, coprolites usually coated
in red-stained carbonate concretions. ................................................................................... 35
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7060
7057

7017
7004
6962
6959
6892
6885
6831

6827

67.
66.
65.
64.
63.
62.
61.

60.
59.
58.
57.

56.
55.
54.

53.
52.

51.
50.
49.

Sandstone, light greenish-gray 5GY8/1, fine grained, wavy-bedded, moderately
well-indurated, veins and abundant nodules of anhydrite, thickens laterally to
10-12 cm ................................................................................................................................ 3
Silty shale, grayish-red 10R4/2, fairly well-laminated, moderately-indurated .................... 52
Muddy sandstone, moderate yellowish-brown 10YR5/4, fine-grained, moderately
indurated, poorly bedded ...................................................................................................... 35
Silty shale, medium red-brown 10R4/6, well-laminated, friable ......................................... 42
Sandstone, light greenish-gray 5GY8/1, moderately indurated ............................................. 2
Silty shale, grayish-red 10R4/2, fairly well-laminated, moderately indurated..................... 59
Sandstone, moderate orange-pink 5YR8/4 with top bleached to a light greenish
gray 5GY8/1, fine-grained, wavy bedded, moderately well indurated,
conchostracans, fish debris and coprolites (not in concretions); Palaeophycus
burrows at unit base ............................................................................................................... 6
Mudstone, pale red-brown 10R5/4, poorly laminated, poorly-indurated, friable ................ 19
Sandstone, moderate orange pink 5YR8/4 with top bleached to a light greenish
gray 5GY8/1, fine-grained, wavy-bedded, moderately well-indurated, poorly
preserved Grallator natural cast tracks at base .................................................................... 27
Mudstone, pale red-brown 10R5/4, poorly laminated, poorly indurated, friable ................. 51
Sandstone, moderate orange-pink 5YR8/4, fine-grained, wavy-bedded,
moderately well-indurated, poorly preserved Eubrontes tracks in partial trackway
from the base of this unit. This unit thins out to 2 cm thick along Mall Drive to
south. .................................................................................................................................... 16
Mudstone, medium grayish-red 10R5/2, poorly-laminated, poorly-indurated,
friable ................................................................................................................................... 28
Sandstone, grayish-pink 5R7/2, fine-grained, wavy-bedded, moderately wellindurated, tracks on surface.................................................................................................. 13
Interbedded sandstone and sandy mudstone, medium grayish-red 10R5/2,
sandstone beds 15-30 cm thick, rippled- and wavy-bedded, with mudcracks
moderately well-indurated, separating 2-5 cm intervals of friable sandy mudstone
bed. At 45 cm above base laterally extensive dinosaur track horizon on top of
hill just to east of Fossil Ridge Middle School is the LDS tracksite dominated by
Grallator with rare Eubrontes and Batrachopus and to south on the north side of
Mall Drive was the Mall Drive tracksite with abundant Grallator tracks now
destroyed by construction (Williams and others, 2006). Silicified red ostracods
were very common at the Mall Drive Tracksite and coprolites, fish debris, and
even articulated fishes are found on and just below tracks at LDS Tracksite ...................... 65
Sandstone, grayish-pink 5R7/2, fine-grained, wavy bedded, moderately well
indurated............................................................................................................................... 12
Interbedded sandstone and sandy mudstone, medium grayish-red 10R5/2,
sandstone beds 15-30 cm thick, rippled- and wavy-bedded,, with mudcracks
moderately well indurated, separated by 2-5 cm intervals of friable sandy
mudstone; fish debris, scales, bone fragments, and coprolites are very common
within this unit. Grallator tracks at 43, 67, and 102 cm above unit base and
abundant bone fragments and fish scales at 40 and 91 cm above base of unit,
Skolithos burrows at 0.67 m above and near base of unit .................................................. 134
Sandstone, pale reddish-brown 10R5/4, fine-grained, ripple cross-bedded,
moderately well-indurated, mudcracks on top, Grallator tracks at base. ............................ 55
Sandstone, moderate reddish-orange 10R6/6, fine-grained, ripple cross-bedded,
major partings at 10-40 cm, moderately indurated............................................................. 140
Sandy mudstone, moderate reddish-orange 10R6/6, friable .............................................. 150
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6792
6789
6737
6702
6660
6658

6599
6593
6574
6547

6496
6480
6452

6439
6374

6362
6228
6173
6033

48.
47.
46.

45.
44.
43.
42.
41.
40.

39.
38.
37.
36.

Sandstone, moderate reddish-orange 10R6/6, fine-grained, ripple cross-bedding,
divided into layers 10-25 cm thick by mudstone partings, well indurated, tool
marks and flutes on soles of beds ......................................................................................... 84
Shaly mudstone, moderate reddish-brown 10R4/6, moderately-laminated, friable
few scattered 2-3 cm beds of finely-laminated sandstone .................................................. 125
Sandstone, medium reddish brown 10R6/4, medium- to coarse-grained, ripple
cross-bedding, divided into four well-indurated, principle sandstone layers
separated by mudstone partings, mudcracks and dinosaur tracks on all 4 major
surfaces (Stewart-Walker Tracksites 1-4), mostly Eubrontes, Kayentapus, with
Anoemepus and Grallator with rare Exocampe, Batrachopus, and Undichna (fish
swim trails), rooting, mudcracks about 40 cm deep extend down into underlying
unit 44. Exposures of this same interval exposed 50 m to south exhibit cut and
fill relationships between sandstone layers. Traced in outcrop for more than 200
m, the entire unit pinches out to the south............................................................................ 65
Shaly mudstone, moderate reddish-brown 10R4/2, moderately-laminated, friable,
ostracods, conchostracans, fish debris.................................................................................. 70
Sandstone, light greenish-gray 5GY8/1, very fine grained, mica flakes ................................ 2
Shale, medium reddish-purple 5RP5/2, with few thin siltstone laminae, welllaminated, sandy at base with abundant mica flakes, ostracods, fish debris ........................ 45
Sandstone, light greenish-gray 5GY8/1, very fine grained, highly micaceous ...................... 3
Shale, pale reddish-purple 5RP6/2, with few thin siltstone layers, well-laminated,
sandy at base with abundant mica flakes, ostracods, fish debris .......................................... 52
Sandstone, pale pink 5RP8/2 stained moderate red 5R4/6, fine-grained, internally
climbing ripple cross-bedding, base of unit (“main  track  layer”)  with prominent
flutes exposing triclinic salt casts and preserving Eubrontes, Grallator, and rare
Anomoepus tracks, locally abundant theropod swim tracks, cutting out deep
mudcracks and Eubrontes tracks, parting at 20 cm above base (“split   layer”)  
preserves abundant Grallator tracks with rarer Eubrontes, and abundant tool
marks, upper parting formed of erosive megaripples locally cutting out entire unit
overlain by 20 cm of thin rippled sandstone layers 2-4 cm thick preserving a
variety of other sedimentary structures and four dinosaur horizons with
Grallator, Eubrontes, Anomoepus and crocodylomorph (Batrachopus) tracks
(“top  surface  tracksite”). The top surface tracksite also preserves rill marks, load
casts, plant impressions (Pagiophyllum and Equisetum), symmetrical ripple
marks, current ripples, invertebrate trackways, red chert concretions, rare fish
scales (oldest vertebrate body fossils at SGDS), rain drop impressions, microbial
mats. This is the main track-bearing unit (Johnson Farm Sandstone bed; Milner
and Spears, 2007; Milner and others 2012) preserved in situ within the SGDS
exhibits facility (Milner and others, 2006a, b; Kirkland and Milner, 2006) ........................ 70
Claystone, moderate red-brown 10R4/6, laminated, friable, stromatolitic layer 13 cm thick at about 5 cm below top in some exposures. ..................................................... 15
Sandstone and mudstone, moderate red-brown 10R5/6, fine grained, calcareous,
carbonate nodules up to 25 cm across cored by red chert, laterally bed may take
form of stromatolites partially replaced by layers of red chert ............................................ 14
Mudstone, moderate red-brown 10R4/6, laminated, friable ................................................ 13
Sandstone, pale red-brown 10R5/4, fine-grained, climbing ripple cross-bedding,
well-indurated, thickens to 30 cm in places, flutes and poorly preserved
Eubrontes tracks at base. Laterally exposures indicate that this bed replaced by
sandy limestone, light gray N7, stromatolite layer, wavy bedding ...................................... 12
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5883
5799

5674
5609
5539
5537
5492
5489

5437
5367
5352
5338

5325

35.
34.

Mudstone with thin siltstone and shale layers, moderate red-brown 10R4/6,
laminated, friable, carbonate nodules extend up to 1 m laterally cored by red
chert. ..................................................................................................................................... 13
Sandstone, pale red brown 10R5/4, medium-grained, climbing ripple crossbedding, well-indurated. Laterally exposures indicate that this bed replaced by
sandy limestone, light gray N7, stromatolite layer, wavy bedding ........................................ 9

Total Whitmore Point Member ......................................................................................................

5313
5300
1937

Dinosaur Canyon Member of Moenave Formation
33.
32.

31.
30.

29.
28.
27.
26.
25.

24.
23.

Mudstone with thin siltstone and shale layers, moderate red-brown 10R4/6, ripple
cross-bedded and laminated, friable; this interval is a better indurated muddy
sandstone bed on the southeast side of road at the SGDS facility. .................................... 106
Sandstone, pale red-brown 10R5/4, medium-grained, well-indurated, climbing
ripple cross-bedding, also includes laterally thinning and thickening tough crossbedded units particularly toward the top, angular mudstone clasts at partings
every 20-80 cm, thickest toward middle, ledge former.   Excavation   at   Walt’s  
Quarry #1 across Riverside Drive to west of SGDS facility exposed two dinosaur
track horizons; one at 102 cm below the top, of the unit and another better
horizon at 175 cm below the top which yielded the single 26.5 ton block (SGDS
568) exhibited in the SGDS facility. Farther to the southwest at 67 cm below the
top of the unit, a track matching that of SGDS 568 was   excavated   at   Walt’s  
Quarry #2 in several sections and reassembled on the south wall of the SGDS
facility (SGDS 567). These extraordinary monolith surfaces are dominated by
Grallator with rare Eubrontes, Batrachopus, and Undichna (fish swim trails).
They also preserve current ripples, small mudcracks, local rain drop impressions,
invertebrate burrows, and grazing trails. ............................................................................ 259
Interbedded fine-grained sandstone, siltstone, and silty shale, moderate redbrown 10R3/6, ripple cross-bedded, friable ....................................................................... 102
Sandstone, dark yellowish-orange 10YR 6/6, coarse-grained, abundant clay
clasts, mica flakes, and plant fragments, some plant fragments replaced by
malachite. Saintgeorgia jensenii, Milnerites planus, Clathropteris sp., Equisetum
sp., Araucarites stockeyi, Podozamites sp. were described from this bed by
Tidwell and Ash (2006) in their paper on the first recorded flora in the Moenave
Formation ............................................................................................................................. 18
Sandstone, pale red brown 10R5/4, medium-grained, climbing ripple crossbedding, and some trough cross-bedding, well-indurated, angular mudstone clasts
at parting dividing the unit and at base .............................................................................. 185
Sandy mudstone, moderate red-brown 10R4/6, friable........................................................ 25
Sandstone, pale red-brown 10R5/4, fine- to medium-grained, trough crossbedded, well-indurated, forms lens 10 m across .................................................................. 30
Sandy mudstone, moderate red-brown 10R6/4, friable........................................................ 71
Sandstone, pale red-brown 10R5/4, fine- to medium-grained, climbing ripple
cross-bedding, and some trough cross-bedding in lower part representing
megaripples, well-indurated, angular mudstone clasts at base, cliff formerly
capping much of Jensen Ridge, mudstone partings divides cosets at scales of
meters at base, thinning to 50-20 cm at top of unit ............................................................ 425
Sandy mudstone, moderate red-brown 10R6/4, friable........................................................ 68
Sandstone, pale red-brown 10R5/4, fine-grained, ripple cross-bedded, well
indurated............................................................................................................................... 21
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5291

5185
4926

4824
4806
4621
4596
4566

4495
4070
4002

22.
21.
20.
19.
18.

17.
16.

15.
14.
13.

12.
11.

10.
9.
8.
7.
6.
5.

4.

Sandy mudstone, moderate red-brown 10R4/6, friable, slope former ................................. 47
Sandstone, pale red-brown 10R5/4, fine-grained, ripple cross-bedded, well
indurated................................................................................................................................. 5
Sandy mudstone, moderate red-brown 10R6/4, friable, slope former ............................... 146
Sandstone, pale red brown 10R5/4, medium-grained, well-sorted, trough crossbedded, four main cosets 50-70 cm thick, top 10-15 cm ripple cross-bedded,
formed a prominent bench on south end of Jensen Ridge .................................................. 251
Interbedded sandstone and siltstone, medium orange- brown 10R4/6, bedded at
4-8 cm, fine-grained sandstone, ripple cross-bedded, scattered gypsum nodules
less than 5 cm across, sharp base marked by large medium-grained sandstone
filled mudcracks extending 50 cm down into unit 17. This unit marks the base of
the upper sandstone interval ............................................................................................... 114
Mudstone, moderate red-brown 10R3/6, some floating sand grains, friable ..................... 396
Sandy mudstone, moderate red-brown 10R4/6, scattered siltstone laminae,
moderately- to poorly-laminated, friable, scattered gypsum nodules less than 5
cm across in clusters, common selenite veins filling numerous fractures at high
angle, up to 10 cm discontinuous ripple cross-bedded sandstone near middle of
unit and at top ..................................................................................................................... 112
Interbedded sandstone and sandy mudstone, moderate red-brown 10R4/6, finegrained sandstone, ripple cross-bedded, platy, moderately well-indurated.......................... 39
Sandy mudstone, moderate red-brown 10R4/6, scattered siltstone laminae,
moderately to poorly laminated, friable, scattered gypsum nodules less than 5 cm
across in clusters, common selenite veins filling numerous fractures at high angle ............ 90
Interbedded sandstone and siltstone, medium orange-brown 10R6/4, bedded at 48 cm, fine-grained sandstone, ripple cross-bedded, scattered gypsum nodules less
than 5 cm across, some diagenetic gypsum layers along bedding, feathers out into
mudstone about 50 m north .................................................................................................. 55
Sandstone, medium orange-brown 10R6/4, fine-grained, medium trough crossbedded and ripple cross-bedded, platy, well indurated, feathers out into mudstone
about 50 m north .................................................................................................................. 38
Interbedded sandstone and siltstone, medium orange-brown 10R6/4, bedded at 48 cm, fine-grained sandstone, ripple cross-bedded, scattered gypsum nodules less
than 5 cm across, some diagenetic gypsum layers along bedding, feathers out into
mudstone about 50 m north .................................................................................................. 74
Sandstone, medium orange-brown 10R6/4, fine grained, medium trough crossbedded and ripple cross-bedded, platy, well-indurated, feathers out into mudstone
about 50 m north, fills mudcracks at base ............................................................................ 38
Mudstone, medium red-brown 10R4/6, abundant floating sand grains, some thin,
<1cm very fine-grained sandstone layers, moderately to poorly laminated, friable,
scattered gypsum nodules less than 5 cm across .................................................................. 28
Sandstone, medium orange-brown 10R6/4, fine-grained, ripple cross-bedded,
platy, moderately well indurated .......................................................................................... 16
Siltstone to very fine-grained sandstone, pinkish-gray 5YR8/1, moderately welllaminated, moderately indurated .......................................................................................... 15
Sandy mudstone, light greenish-gray 5GY8/1, friable ......................................................... 18
Mudstone, dark red-brown 10R4/6, abundant floating sand grains, scattered
siltstone laminae, moderately- to poorly-laminated, friable, scattered gypsum
nodules less than 5 cm across, common selenite veins filling numerous fractures
at high angle, root traces in upper part ............................................................................... 323
Sandy mudstone, light greenish-gray 5GY8/1, friable ........................................................... 5
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4139
3955
3050
3804

3553
3439

3043
2931
2892

2802
2747

2709
2635
2597
2569
2553
2538

2520
2197

3.

2.
1.

Mudstone, dark red-brown 10R4/6, abundant floating sand grains, scattered light
greenish-gray 5GY8/1 siltstone and very fine-grained sandstone beds 1-3 cm
thick, moderately- to poorly-laminated, friable, scattered gypsum nodules less
than 10 cm across, common selenite veins filling numerous fractures at high
angle. Poorly exposed, unit measured north across River Drive with overlapping
marker beds at top (units 4-8) used to correlate to base of Jensen Ridge east of
SGDS ( 12S 274734 E 410884 N) . ................................................................................. 2090
Sandy mudstone with lenses of conglomerate, mottled pale red 5R5/6 and light
greenish-gray 5GY/1, pebbles 1-3 cm of gypsum and chert, unconsolidated ...................... 82
Conglomerate, light greenish-gray 5GY8/1, pebbles 1-3 cm of gypsum, mudstone
clasts, and chert, 10-20 cm of relief at base, unconsolidated ............................................... 20

2192
102
20

Total Dinosaur Canyon Member ....................................................................................................

5291

TOTAL MOENAVE FORMATION .............................................................................................

7238

CHINLE FORMATION: Mudstone, Pale red-purple 5RP6/2, abundant botryoidal
gypsum nodules up to 20 cm across, selenite veins filling numerous fractures at
high angle, pebbles from basal Moenave conglomerate were recognized in
fracture fillings and the surface was interpreted as representing a gypcrete at
the top of the Chinle Formation (Milner and others, 2012). .............................................. NM
NM=not measured

A-7

APPENDIX B
Mouth of Potter’s Canyon
Section measured by James I. Kirkland and Andrew R.C. Milner, Dec. 6-7, 2012, and April 5, 2013.
Measured up south face of escarpment on west side of mouth of Potter Canyon.
850 (NAD83UTM 12: 0335741 easting, 4083258 northing) dip 3° north. Reference section for Whitmore
Point Member of Moenave Formation is approximately 1.3 miles northwest of Wilson’s (1967) type
section on the western side of the Kanab Paiute Indian Reservation. Based on bore holes for
paleomagnetic sampling, section identified as the same section as that measured by Donohoo-Hurley

and others (2010). However based on the coordinates given by Lucas and Tanner (2011) their
Potters Canyon Section was 1.38 miles west of this section.
DESCRIPTION

THICKNESS (cm)
Interval Total

Springdale Sandstone Member of KAYENTA FORMATION (not measured)
82. Conglomeratic sandstone, pale reddish-brown 10R 5/4, major cliff former, trough
cross-bedded, sets 2-50 cm thick at base to about one meter thick up section.
Lenses with abundant, angular red mudstone clasts up to 10 cm near base of
member, erosional base with meters of relief over distances of 10s of meters cuts
out several fine-grained sandstone beds at top of Whitmore Point Mbr. to east. The
type locality (New Mexico Museum of Natural History locality 7735) of the
basal Jurassic conchostracans Bulbilimnadia killianorum (Kozur and Weems, 2010;
Lucas and others, 2011) occurs almost 500 m to west. The Springdale Sandstone is
interpreted to have cut out the several meters of the upper part of the Whitmore
Point Member at this locality removing the interval from which those
conchostracans were recovered... .......................................................................................... NM
Whitmore Point Member of MOENAVE FORMATION
81. Silty mudstone, grayish-red 10Y4/2, earthy, friable, cut out completely to west,
maximum observed thickness laterally about 1 m. ................................................................. 25
80. Sandstone and siltstone, pale red 10 R 6/2 with streaks of light yellowish green
10Y8/2, fine-grained, well sorted, forms moderately indurated ledge with parting
@ 10 cm apart, invertebrate burrows to 0.5 cm in diameter. .................................................. 29
79. Silty shale, light greenish-gray 5GY8/1, bedding indistinct, friable ......................................... 4
78. Siltstone pale red-purple 5RP6/2, hard, slightly calcareous, laminated, divided into
sets of @ 10 cm, top of unit irregular in cross-section (cross-sections of dinosaur
tracks), preserves fossil fish. ................................................................................................... 35
77. Silty shale to siltstone, pale red-purple 5RP6/2, soft, friable, laminated................................. 18
76. Siltstone to very fine-grained sandstone, pale purple 5P6/2, well-indurated, had
been sampled for paleomag ..................................................................................................... 13
75. Interbedded silty shale and fine-grained sandstone, pale greenish-yellow 10Y8/2,
ripple- and wavy-bedded, less sand and more poorly indurated toward top, friable ............... 13
74. Silty shale, gray-red 10R5/2 soft and friable. .......................................................................... 14
73. Siltstone, pale red 10R6/2, somewhat shaly, moderately indurated .......................................... 4
72. Silty shale, gray-red, 10R4/2, friable......................................................................................... 8
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71. Siltstone, pale red 10R6/2, somewhat shaly, moderately indurated, split by shaly
partings 4-5 cm, capped by 0.5-1 cm stromatolitic carbonate layer ........................................ 14
70. Silty shale, grayish-red, 10R4/2, friable, capped by 0.5-1 cm stromatolitic
carbonate layer ........................................................................................................................ 18
69. Sandstone, fine-grained, moderate orange-pink 10R7/4 ........................................................... 6
68. Silty shale, gray-red, 10R4/2, friable, filling irregular surface on unit 67 up to 10
cm deep...................................................................................................................................... 3
67. Sandstone, fine-grained, moderate orange-pink 10R7/4, irregular, angular vugs in
upper part about 5 cm in diameter that at top of unit make for an irregular upper
contact, poorly laminated, shaly parting about 10 cm above base, preserves ganoid
fish scales. ............................................................................................................................... 41
66. Shale to silty shale, gray-red, 10R4/2 with streaks of very pale green 10G8/2
toward base of unit, friable, finely laminated, some very light gray N8,
discontinuous layers of granular chert .................................................................................... 35
65. Interbedded silty shale and fine-grained, platy, sandstone, pale greenish-yellow
10Y8/2 stained moderate yellowish orange 10YR 7/6, ripple- and wavy-bedded,
silty shale, friable .................................................................................................................... 23
64. Interbedded silty shale and siltstone, pale red 10R6/2 with layers of light green
10G7/2, well laminated, preserves fossil fish. ......................................................................... 31
63. Silty shale light brownish-gray 5YR6/1 with some streaks of light green 10G7/2,
well laminated, ........................................................................................................................ 31
62. Sandstone, very light olive-gray 5Y7/1, fine-grained, ripple-bedded, well indurated .............. 6
61. Interbedded silty shale and siltstone, pale red 10R6/2 ............................................................. 14
60. Silty shale to mudstone, grayish-red, 10R4/2, moderately to poorly laminated,
friable, preserves fossil fish. .................................................................................................... 12
59. Interbedded silty shale and siltstone, pale red 10R6/2, individual beds are about 0.5
cm thick ................................................................................................................................... 10
58. Interbedded sandy shale and fine-grained sandstone, very light olive-gray 5Y7/1,
platy, forms hard ledge, ripple cross-bedded........................................................................... 12
57. Interbedded silty shale and siltstone, pale red-purple 10RP6/2, with scattered pale
green layers 5G7/2, individual beds are about 0.5 cm thick, platy.......................................... 48
56. Siltstone, pale red 10R6/2, unbedded, moderately indurated, had been drilled for
paleomag ................................................................................................................................... 6
55. Interbedded silty shale and siltstone, pale red 10R6/2, siltstone dominant,
individual beds are about 0.5 cm thick, platy, moderately well indurated .............................. 18
54. Interbedded silty shale and siltstone, pale red 10R6/2 with scattered pale green
layers 5G7/2, individual beds are about 1-2 cm thick, platy, moderately indurated,
fine- to medium-grained sandstone beds about 1 cm thick about every 8-10 cm ................... 58
53. Sandstone, moderate yellowish brown 10YR5/4, fine-grained, fairly structureless,
moderately well indurated, sharp, flat upper contact, irregular lower contact with 58 cm of relief, had been drilled for paleomag, pretty distinct marker bed .............................. 48
52. Interbedded silty and sandy shale with 0.5-1 cm sandstone layers above 25 cm,
light brown 5YR5/6 better bedding in upper part, friable. ...................................................... 45
51 Sandstone, dark yellowish orange 10YR6/6, fine-grained, nearly structureless,
moderately well indurated ....................................................................................................... 11
50. Siltstone to sandy mudstone, dark yellowish orange 10YR6/6, poorly bedded,
poorly to moderately indurated ............................................................................................... 45
49. Sandstone, dark yellowish orange 10YR6/6, fine grained, nearly structureless,
moderately well indurated ....................................................................................................... 13
48. Siltstone to sandy mudstone, dark yellowish orange 10YR6/6, poorly bedded,
poorly to moderately indurated ............................................................................................... 14
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47. Sandstone, dark yellowish-orange 10YR6/6, fine-grained, nearly structureless,
moderately well indurated ....................................................................................................... 12
46. Interbedded sandy mudstone and fine-grained sandstone, dark yellowish-orange
10YR6/6, platy, fish and one unidentified bone fragment. ..................................................... 20
45. Sandy mudstone, grayish-red, 10R4/2, poorly indurated ....................................................... 13
44. Sandstone, light brown 10YR6/4, fine-grained, divided into four main beds of
about equal thickness. Fresh rock appears to be nearly structureless, climbing ripple
cross-bedding is faintly expressed; weathers platy, overall well-indurated, surface
between first and second beds appears to preserve load structures. ...................................... 130
43. Sandy mudstone, light brown 10YR6/4, micaceous clay partings, moderately
indurated, fish are preserved in red carbonate nodules ........................................................... 34
42. Sandy mudstone, light brown 10YR6/4, mica flakes, poorly indurated, friable,
common fish debris (scales and bones) ................................................................................... 70
41. Muddy fine-grained sandstone, light brown 10YR6/4, few small carbonate nodules,
had been drilled for paleomag, fish debris (scales and bones) .................................................. 9
40. Sandy mudstone, grayish-red, 10R4/2, poorly-bedded, some silty mudstone
intervals, mica flakes, poorly indurated, friable, common fish scales in lower part,
ostracods near middle of unit. ................................................................................................. 98
39. Sandstone, pale red 10R6/2, fine- to medium-grained, ripple cross-bedded, distinct
beds at 8-10 cm intervals separated by mudstone partings with clay chips and
mudcracks; these individual beds thicken, thin, pinch out, and/or are replaced by
adjoining beds over distances of 100 m or so as noted in Tanner and Lucas
(2009b). Well indurated ledge former, dinosaur tracks on partings include
Anomoepus and Grallator; the traces Palaeophycus and Skolithos also present. ................... 41
38. Mudstone, pale reddish-brown 10R5/4, poorly bedded and indurated, penetrated by
sandstone-filled mudcracks extending down from overlying unit. ......................................... 33
37. Sandstone, moderate reddish-brown 10R6/4, fine- to very fine-grained
structureless, moderately indurated, weathers into blocks about 20-30 cm across. ................ 42
36. Silty to sandy mudstone, pale reddish-brown 10R5/4, poorly bedded and indurated,
penetrated by sandstone-filled mudcracks extending down from overlying unit. ................... 11
35. Sandstone, pale red 10R6/2, fine- to medium-grained, ripple cross-bedded, platy,
well indurated ledge former..................................................................................................... 16
34. Sandstone, moderate reddish-brown 10R6/4, fine- to very fine-grained
structureless, moderately indurated, weathers blocky ............................................................. 20
33. Silty mudstone, pale reddish-brown 10R5/4, poorly bedded and indurated, fish
debris ....................................................................................................................................... 64
32. Sandstone, pale red 10R6/2, medium-grained, ripple cross-bedded, platy, well
indurated ledge-former, mud cracks ........................................................................................ 12
31. Silty to sandy mudstone, pale reddish brown 10R5/4, poorly bedded and indurated,
fish debris, ostracods, mica grains, mudcracks ....................................................................... 24
30. Lenticular sandstones, light brown 5YR6/4, fine- to medium-grained, trough crossbedded, bleached to grayish orange pink !0R8/2 with some root traces on top.
Sandstone lenses at this level described in detail by Tanner and Lucas (2009b). The
sandstone in the measured section pinches out in a few meters to the east and
thickens to several meters to the west, cutting down as far as to unit 20, before
thinning and pinching out in a couple of tens of meters. Several large sandstone
lenses are exposed along this level in the area, with some exhibiting large scale
convolute bedding, local cliff-former. ..................................................................................... 18
29. Sandstone, pale olive 10Y6/2, fine-grained, well laminated, cut out by unit 30 to
west.......................................................................................................................................... 14
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28. Silty shale, grayish-red, 10R4/2, well laminated, poorly indurated, cut out by unit
30 to west................................................................................................................................. 80
27. Shaly packstone, olive-gray 5Y5/1, shell supported coquina of conchostracan and
ostracod shells, cut out by unit 30 to west ................................................................................. 2
26. Calcareous shale, olive gray 5Y4/1, well laminated, poorly indurated, abundant
ostracods, cut out by unit 30 to west. ...................................................................................... 11
25. Micaceous siltstone, light olive-gray 5Y7/1, finely laminated; attempt at dating
zircons revealed micas are sourced from the Upper Triassic Chinle Formation, cut
out by unit 30 to west. ............................................................................................................... 7
24. Calcareous shale, olive-gray 5Y4/1, abundant ostracods, cut out by unit 30 to west.............. 61
23. Calcareous shale, olive-gray 5Y4/1, well laminated, poorly indurated, highly
fossiliferous, nearly forming a packstone, abundant ostracods and conchostracans,
with common fish debris (scales and bones), cut out by unit 30 to west ................................ 10
22. Calcareous shale, olive-gray 5Y4/1, abundant ostracods, cut out by unit 30 to west.............. 14
21. Limestone, stromatolite layer, light gray N7, wavy, cut out by unit 30 to west........................ 3
20. Calcareous shale, dark olive-gray 5Y3/1, well laminated, poorly indurated,
ostracods, conchostracans, fish debris (scales and bones), and fine plant fragments;
only known unit that produces pollen in the Whitmore Point Member.
Palynomorph sample described by Cornet and Waanders (2006) was collected from
this unit. ................................................................................................................................... 86
19. Mudstone, light greenish-gray 5GY7/1, slightly sandy, moderately indurated,
poorly laminated ...................................................................................................................... 12
18. Silty shale, grayish-red, 10R4/2, moderately laminated, poorly indurated ............................. 24
Total Whitmore Point Member ......................................................................................................
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Dinosaur Canyon Member of MOENAVE FORMATION
17. Sandstone, dusky yellow 5Y6/4 with the center pale red 10R6/2, fine-grained,
splits into three sets of platy ripple cross-bedded sandstone, well indurated, forming
a marker bed locally ................................................................................................................ 37
16. Sandstone, dusky yellow 5Y6/4, very fine- to fine-grained, climbing ripple crossbedding, poorly indurated........................................................................................................ 58
15. Sandstone, dusky yellow 5Y6/4, fine-grained, ripple cross-bedded, platy, well
indurated .................................................................................................................................. 18
14. Sandstone, dusky yellow 5Y6/4, very fine-grained, climbing ripple cross-bedding,
poorly indurated ...................................................................................................................... 22
13. Sandstone, pale red 10R6/2, very fine- to fine-grained, platy, ripple cross-bedded
sandstone, moderately well indurated, top 5-6 cm is well indurated..................................... 110
12. Sandstone, pale red 10R6/2, fine- to medium-grained, ripple cross-bedded, platy,
well indurated .......................................................................................................................... 11
11. Sandstone, pale red 10R6/2, very fine-grained, platy, ripple cross-bedded
sandstone, moderately indurated ............................................................................................. 51
10. Sandstone, pale red 10R6/2, very fine-grained, blocky, moderately laminated,
moderately indurated, root traces with burrows up to 1 cm in diameter ................................. 26
9. Interbedded siltstone and very fine-grained sandstone, grayish red 10R4/2 well
laminated, blocky, moderately indurated, ............................................................................... 24
8. Sandstone, pale red 10R6/2, very fine-grained, moderately indurated, root traces
top of unit bleached ................................................................................................................. 11
7. Interbedded siltstone and very fine-grained sandstone, pale red 10R6/2, well
laminated, moderately indurated ............................................................................................. 10
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6. Sandstone, pale red 10R6/2, very fine-grained, moderately indurated...................................... 7
5. Silty shale, grayish red 10R4/2, moderately laminated, friable, locally scours down
to as low as unit 2, approximate base of the Whitmore Point Member as defined in
Tanner and Lucas (2010) ........................................................................................................... 7
4. Siltstone to very fine-grained sandstone, pale red 10R6/2 to medium reddish brown
10R5/6, well laminated to wavy bedded, moderately indurated, blocky, unit
bleached yellowish gray 5Y8/1 at top.. ................................................................................... 53
3. Interbedded silty shale and sandstone, grayish red 10R4/2, moderately laminated,
friable......................................................................................................................................... 6
2. Sandstone, pale red 10R6/2, coarse-grained, floating chert grains to 3 mm,
abundant mica flakes ............................................................................................................... 12
1.` Sandstone, medium reddish brown 10R5/6, fine-grained, well-sorted, ripple driftlaminated, but bedding is obscure; forms single rounded cliff at top of main
sandstone interval in Dinosaur Canyon Member; top of unit bleached when
overlain by unit 7, lower contact with as much as 0.5 m of relief laterally ........................... 236
0. Sandstone, medium reddish brown 10R5/6, fine- to medium-grained ripple and
trough cross-bedded, interbeds of muddy sandstone, beds moderately to moderately
well indurated, forms a series of ledges and slopes arising from vegetated base of
exposed section.................................................................................................................... <292
Total measured Dinosaur Canyon Member ..................................................................................
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