
green mudstone

50-50 lmst-sst, bottom 1/3 sandy, middle 1/3 wavy mix, top
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tu�aceous limestone with biotite

biotite tu�, likely equivalent to 
3 m thick ash at base of section A

biotite, white tu�

green silici�ed tu�1 cm
partially silici�ed, crinkly-laminated limestone

green tu�

F2

5-10 cm

gray, laminated �ssle tu�aceaous slst

tu� with lysogon banding, 
stained orangeyellow in places

red shale with minor thin sst beds

creamy, interbedded with gray
vf limy sst, soft-sediment deformation SSD

red sst

red shale with several 5- 10 cm thick sst beds
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yellow-weathering shale and sst
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red weathering, same red beds just below 
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LMLL232 ,  wypt 51, 712320, 4021459
gray tu�, can’t see shards

tu�aceous siltstone

Stromatolites 10-15 cm high, some eggshell!

Area B, Section B

Hill 6

Base at wypt 43: 712639, 4021524
S/D beds 185, 35

reworked tu�/tu�aceous sst

army green-gray lower �ne sst
(may be limey or tu�aceous in places)

a few orange/rust weathering beds
recessive, platy weathering

similar to below but medium grain, gray with yellow-staining

yellow-gray weathering, some laminations

dijon weathering, laminated

10-WB-2 , marl, creamy white, thin-bedded

greenish-gray whitish, vf sst (10-WB-4, ph 36-40)

(10-WB-3)

10-WB-28,  ph 91-92    �ssile, crumbly, �nely laminated
10-WB-27 , photos 89-90  a few 2-4 cm thick greenish 
muddy layers

175

super-crinkly crinkly laminated to stromatolitic limst
with silica replacement

10-WB-29

1.5-2 m high stromatolites (megastrom=megatron)

10-WB-5 wypt 49, 712473, 4021484
o�set to south, wypt 50, 

10-WB-31  regular crinkly-lam 
10-WB-30   super crinklyregular crinkly-lam

�ssile-weathering, RM32, S/D 201, 30 

red sst

red sst
10-WB-32,  RM33,712400, 4021440

brown sst
drk gry weathering, biotite-rich, white tu�aceous sst

10-WB-33,  �ssle F2

10-WB-34,  white �ssle F2

5 cm thick, dark gray weathering tu�aceous sst

 gray weathering tu�aceous sst
 gray weathering tu�aceous sst

10-WB-35,
 white �ssle F2

LMLL241,
 RM35,712400, 4021440; pumice biotite tu�

gray limestone
gray tu�aceous sst?
gray tu�aceous ?  limestone
tu�aceous sst

10-WB-36 , wypt RM36,  712288, 4021461
tan crinkly-lam lmst

13.20 Ma +/-0.04

0

yellow-gray pitted weathering, 
1 cm lams

7-30 cm, white lmst with some chert replacement

recessive, white to pink Lcrm

Interbedded white lmst 
and red limey sst  

white to pink, very recessive, hardly visible 
along strike

white Lcrcm with some sandy lmst beds

white, red and pink beds

Top of Maveryn Hill, RM 3 and RM 24, 25

Base of Maveryn Hill, RM1

white, �ssile-weathering

white, recessive, 
8 m o�set to SW, wp 27

white tu�, wp 28
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pink-red limey vfu sst

12-WB-300

12-WB-302

12-WB-301

12-WB-303

12-WB-304

limestone breccia with rip-up clasts, STORM BED 

12-WB-305

very pink, recessive, sandy lmst. 
ripppled sst beds

12-WB-306

12-WB-307

, wp 26

gray coarse-grn,  cm thick sst beds

some white tu� here, not bedded

beds thin upward to mm thick beds

gray, recessive, �ssile, fn-grn sst

o�set to west, WPs 29 and 30

coarse-grnd, gray sst

yellow lmst, wp 31

10-WB-17

10-WB-21 RM27 from
2010

10-WB-22 RM28 from 2012

10-WB-18

10-WB-19

10-WB-20

mostly �ne-grn red sst
a few 1-4 cm thick limey ssts
S/D 200, 20

a few 5 cm thick �aggy-weathering lmst ssts

RM wypt 10

o�set to south 10 m; wypt RM 11 at 13.5 m; wypt 12 at new spot

pinkish-red

�aggy weathering

Lcrcm

�aggy weathering limey sst

�aggy weathering limey sst

40 cm
20 cm
5-10 cm

limestone breccia, rip-up clasts STORM BED, distinctive

pinkish-white �ssile-weathering Lcrm 
1 4cm thick bed (not �ssile)

�ssile Lcrcm
mixed sst and lmst, 1 cm thick layers
Lcrcm, one small storm bed with rip-up clasts

7 cm, o�set to this bed for 1m
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covered
least
resistant

most
resistant

�ne red beds
along strike typically covered

crs layers, laminations

50-50 lmst-sst, bottom 1/3 sandy, middle 1/3 wavy mix, top

1/3 Lcrcm

Lcrcm- gray tan weathering, S/D 194/15,
          Top of Ridge  RM14pink crumbly

10 cm white �aggy lmst
pink

above this is lots of cover and a white tu�

Area B LOWEST PART OF SECTION

20

10

0

10-WB-26  wavy lams, clotts

green tu�

tu�aceous 

laminated reworked sandy tu�

�aky punky weathering, thin-bedded

Gray bed shows up across hill

white tu� 

limey tu� 
�aggy weathering

white, laminated tu�
marl, limey tu�, slty tu�

marl

reworked (?) tu� with biotite,
�aky, limey,

10-WB-1

limey tu� with green silci�ed layers
LMLL231 pumice- and biotite-rich, creamy tu�

thin layers of �ne green silici�ed tu�
white tu�

pumice and biotite-rich, white tu�

5

15

LMLL229

LMLL230

10-WB-25,  RM30, 712524,4021438

LMLL264

12-WB-207

12-WB-208

13.43 Ma 
+/-0.02
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clast supported cgm
grades upward from cobbles to pebbles

top has layer with 1-2 m clasts of Bitter Ridge Limestone Member

marl grades into limst
gray-green wthring, white heterolithic sst

10-LW-37

possible marl

15 cm teepees

S/D 50, 30, parting current lineations 70

Interbedded 5-10 cm beds lmst and maybe marl

�ame structures

pale green white biotite
reworked sandy tu�

gray to pink weathering, gray sst

thin tu�

tu�
tu�

Ryan Mathieu Teepee layer

LMLL235

green tu�:  white with pumice at base, more silici�ed at top

gray crs sst

planar laminated in many places

10-LW-36

pink-weathering gray sst S/D beds 80, 22

gray sst

clasts of Bitter Ridge Limestone

gray-green sst with 15 cm cross-strat

gray

pebble cgm in most places
cobble clasts in places

�ne mm laminations

S/D 50, 29, pcl azimuth 110

strong planar laminations

wavy laminations

o�set across minor faults
med to crs mm-scale laminations

wypt 52, 706213, 4009760

has pebbles and cobbles of marl from below
1-8 cm clasts in crs sst

creamy whitish

Flaggy weathering

vuggy lmst; thin crs gray sst, thin white tu�; 10-LW-31
10-LW-30

10-LW-32
10-LW-34

10-LW-33

10-LW-34 root traces, mottlinggray tu� LMLL228

ssd 30 cm
ssd 15 cm

red sst

red sst
red

red

red

ssd

rippled to small dunes

interbedded �ne-grained facies 1-3 cm thick beds of:
gray crinkly laminated lmst (Lcrm)green mudstone limey tu�aceous sst
greenish white slst

red chert replacments lenses

interbedded shale, tu�aceous marl, 
tu�aceous sandy lmst, sst

limey red sst

some laminations, soft-sed 
deformation
calcareous sst

crs lenses within, not 
well-organized

paleosol

S/D bweds 85, 15
9 paleocurrent measurements on 
parting current lineations

wypt 53 706253, 4009688

pink weathering, white sst, �ne ssd

lots of details here: thin beds 
of sst, slst, shale, limey sst, 
white limestone;
many ripples and cross-strat

variety of thin beds:  1 cm thick lmst, slst, 
and red sst with dunes and ripples,  mud 
lenses, pumice clasts present as stringers 
in some beds, granule lags, mud clasts 
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interbedded mm to 1 cm beds of white tu�aceous sst, gray tu� and shale 
green pumice-rich sst
gray sst

gray silici�ed pumice-rich tu�

gray silici�ed tu�

interbedded lmst and sandy lmst
red sst

Gray tu�aceous sst, pure tu� at base LMLL233red limey sst

creamy tu�, LMLL234Lcrc
creamy tu� with gray silici�ed lenses�ssle

gray tu�aceous sst

white tu�aceous sst with green silici�ed layers

olive green weathering, vfu-�

massive, heterolithic white sst
planar lams at base

red to gray tu�aceous sst

Interbedded crinkly-laminated limestone and tu�
laminated limey, silty reworked tu�

reworked tu� from below, pumice-rich sst and 
red sst layers
reworked tu� from below, pumice-rich sst and 
red sst layers

tu�aceous tan sst with some red
o�set across fault

gray-white sst
red,  wavy laminated sst

interbedded limey sst, red sst, lmt
beds .5-1 cm thick

wypt 61 706386, 4009469
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LMLL258

LMLL259

pink sst

and red sst

4 cm grey ash nodules in sand?

spongy carbonate 
LMTH200spongy carbonate 

red-weathering, white-gray laminated sst
with ssd

occasional stromatolites

sst and stromatolitic lmst
laminated at base

some resistant and some
recessive layers, light gray

weathers greenish-gray

gray lenses due to loading

medium massive sand
clay concretions

gray sand
granular lag

S/D 278/40

light and dark gray sandsred sstfn sst, light gray
red sst

alternating beds of thicker

thinly bedded red sst
sst bed with chert nodules
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White

basaltic cinder-rich sst

LMLL260 is in 4-5 thick tu�

RM83 706393, 4009527

up the hill from here, past cover, is
 LMLL260 (706396, 4009595)

soft sediment deformation

09-LW-1

09-LW-2

09-LW-3
09-LW-4

09-LW-5
09-LW-6

09-LW-8
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09-LW-10
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Overlap in sampling due 
to lateral o�set through 
folded interval.

09-LW-515

09-LW-516
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09-LW-518LMLL212
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13.43 +/-0.02

50 m sequence

20 m sequence

green mudstone

LMTH134 Upper Pomerleau
LMTH133 Lower Pomerleau
sampled in Hill 2 in East Block

Fred

0

13.89 +/-0.2 Ma 15 m below the top of the 
BRL in WhiteBasin/Pride Rock area

crinkly lamina-

713057, 4021682

713559, 4021800

v v

Bitter Ridge Limestone

Bitter Ridge Limestone

wp10 711739, 4021832 = 
stopped measuring section, still 
in red gypsum, lots of cover

sst 

glass-rich tu�, LMLL242
, ph 107-110

WPT RM 40   712198, 
4021845 (Bill and Nelia)

white tu� with glass shards and varying biotite
LMLL243

, ph 111-112

“grey pumice path” medium sized grey rocks 
laying on surface, biotite-rich, possibly some sand, 

small bed of tu�aceous 
sandstone

20-50 cm high
WPT RM 39  712213, 4021851 ph104-108

S/D 189, 20

10-WB-39 

 white, thin ash bed, conchoidal frx

this section is not completely covered:
has many thin, �ne-grained beds are 
visible throughout the section, including 
sst, slst, ashy slst 

o�set from WP5 712085, 4021923 
to WP6 712049, 
4021849

WP7 711982, 4021870

WP9 71174_, 4021843, 
currently in red gypsum bed

Lcr mm, white,no chert replacement

12.93  Ma +/-0.02

Tertiary informally named Red Sandstone
of Bohannon(1984) begins here

gray tu�aceous sst, looks like “the gray” tu�s but 

has no shards (according to Bill and Nelia)

WP2  712355, 4021883 (not saved in gps)

WPT RM38

712329,

4021888

10-WB-38

limey tu�aceous sandstone, �ecks of biotite

10-WB-37    WPT RM37, Lcr mm, tan/grey weathering
reworked grey limey tu�
yellow and white on inside

thin limestone beds throughout 

cover

limestone has di�erent levels of 

exposure in di�erent places

thin limestone beds throughout, 

thin and thicken, teepees visible

very distinctive, biotite increasing towards 

upper (not a big concentration)

whitish-pink, thin-bedded microbialite 

white-gray weathering
pervasive fenestrae

pinkish-white to creamy weathering

2-3 cm

�aggy-weathering, mild-moderate 

fenestrae

thin, platy, �aggy

blobby weathering

�aggy weathering

Base: 7124691, 4021(7??)850 wp1

S/D 200,20

5-10 cm high

thin-bedded lmst

white&gray tu�aceous ssts in between

LMLL265  thin whitish-gray vf tu� likely 

reddish pebbly sst along strike at ~49 m

Amanda o�set from 

or to 712294, 4021879 

to/from RM38 equiv

limestone layers contain teepees, no chert

0.5m
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”90” m tu�

Fred

FRED

FRU

Target Area B Section A

resampled by Bill&Nelia

712443, 4021444

equivalent to Sect B (Lamb and Lee) m 171 

“grey pumice path” medium sized grey rocks 
laying on surface, biotite-rich, possibly some sand, 

 white, thin ash bed, conchoidal frx

this section is not completely covered:
has many thin, �ne-grained beds are 
visible throughout the section, including 
sst, slst, ashy slst

o�set from WP5 712085, 4021923 
to WP6 712049, 

distinctive pumice-bearing 

distinctive glass -bearing layer 

equivalent to Sect B (Lamb and Lee) m 171 

706004, 4010215

offset back down to wash
to get exposure, WPT RM5
708653, 4024679
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covered
least
resistant

most
resistant

wpt R3

weathers gray, biot, qtz, ssd

red-gray sst
red heterolithic sst
gray fu-vfu sst
gray

measured cover uphill

offset back down to wash
to get exposure, WPT RM5
708653, 4024679

pink-gray weathering, white sst
pink, thin-bedded
white mixed sst and marl, some wavy lams

yellow weathering
pink whtring, white m-vf, 5-15 cm thick sst beds

pink wthrg, gray sst, disrupted beds
paleosol??, “conjumbled”, photo 12

S/D 102, 12, fair

pink wthrng

planar lams, gray med sst
gry wthrng, white, vf-m sst

gry, med sst
CL, sandy lmst with wavy lams

RM4  708657, 4024647
10-WB-6, photo 13

tuffaceous lmst with glass shardsRM6 708657, 4024647
LMLL249white biot, pumice, glass shards

fl to crs sst, with vugs
CL

1-2 cm beds RM7  708660, 402462610-WB-7

walked south along top of last bed
to wash: RM8 708725, 4024535

pebbles, dunes along strike
S/D 115, 19

pink weathring, gray sst

Gray Tuff informally named Ryan
pink-wthring, f-uf gray sst

fine, pink sst
10-WB-8

12.93 MA Tuff
(”90 m tuff”)

F1:  Crinkly-laminated LS

Cg2:  Buff ss matrix, 
more yellow colored.  
Well-organized.  
Sub-angular clasts.

Cg1:  Red ss matrix, 
well organized.  Pz 
carb clasts in Ja? 
matrix.

F3: crinkly 
laminated & 
recessive w/ 
white punky 

F2: crinkly 
laminated & 
white, discont. 
chert layers 

F4: Limestone 
with purple 
chert bands

F1

F1

F1

F1

F1

F1
F2

F5: massive limestone
with minor fenestrae.

F6: Interbedded ls and 
mudst

Purple Chert

F5

F2 F1

F1

F2

F5

09-SB-1

09-SB-2

across the road, the beds at 102-104 m are 
resistant, well-exposed Lcrcm teepees 1 m 
high and 1 m wide

alternating fine and crs sst; grayish-brown-pink sst with a 
few granule lenses and cross strat at base

fn sst at base, grades up into crs
fn and med ss with soupy 1 cm layers
gray-weathering, med-dark gray sst with many black grains

alternating 1-3 cm white lmst and red vf sst/sltst
gray coarse sst

red fn sst and sltst
white cm-scale lmst beds, flaggy weathering
flaggy, white Lcrcm

red, med-crs, limey sst
19-WB-300, wy 78, 708721, 4024490, gray-weathering, mix of tuff and sst

white lmst
pale gray sst
three 5-10 cm gray weathering, white tuffaceous ssts with clear xtals and several large biotite

Interbedded red sltst, gray crs sst and red sst; beds 1-8 cm 
thick and a little cover

white crs tuffaceous sst
white Lcrcm

lmy gray sst, with planar lambs
gray, crs to vc sst

white crs tuffaceous sst, may be a reworked tuff downhill
pebbly, pale gray/white lmst, Lcrcm

Wy 79, 708711, 4024503
flaggy, pebbly, white to gray-brown lmst, Lcrcm

Lcrcm, top of hill, offset downhill from 80 to 81

Lcrm, fissile-weathering, white, wy 102, 
708696, 4024410, S/D 112, 21

5-10 cm white reworked tuff grades up into 10-15 cm red sst,
 looks fairly primary, has pumice

red slt/sst, half cover
limey tuff with sand overlain by 10 cm white tuff

white reworked sandy tuff with small pieces of pumice

wy 80 708706, 4024501
wy 81 708707, 4024461, S/D 104, 15

tuffaceous sst

19-WB-304 - sample from middle to top section, red tuffaceous sst
                                                                                                              lots of biotite, large pieces              
19-WB-303- sample from bottom, waypoint 103 708678, 4024405 — white with pumice,reworked,

cover and gray sst
small offset to North on a thin white tuff

pink/gray sandy Lcrcm

wy 104 708663, 4024398 offset to wy 105 708625, 4024455  S/D 104/21
tuffaceous sst with lots of pumice  wy 106 708620,4024451 19-WB-305

flaggy, beige lcrcm, gentle domes, top of hill

few cm beige, sandy limestone beds alternaiting in cover
small offset to the East on 34.5m

limey sst

sandy limestone with granulas

sandy, pebbly, 20 cm thick kimestone, small offset 

limey sandstone

cover with red sst peaking out from below
pebbly sst

wy 107  708621, 4024347—19-WB-306, sandy white tuff on the bottom

wy 108  7088602, 4024346 — 19-WB-307 top and middle section, purer tuff  

flaggy ls, few cm thick

S/D 90, 15

Monster Valley
M4

vvv 10 cm thick, gray weathering, biotite, limey, tu�aceous 
sandstone

10 cm thick, lithics and clear crystals, with sand grains, tu�

10 cm thick, limey sandy tu� with pumice and clear tabular crystals

pink, creamy tannish sandy limestone, 20 cm thick 
tu�

glass shards, white and clear crystals, pumice-rich, 
some sand, reworked

10 cm thick sandy limey tu� with biotite and glass

25 cm thick tan-reddish weathering, limey 
sst

20-WB-60  wp 212
709946, 4024246

3 white 
tu�aceous 
limestones 20-WB-61  WP 213

25 cm, red to pink with clear crystals

poorly sorted, heterolithic

�aky, white to beige

coarse-grained, white to pink weathering, poorly-sorted, 
heterolithic

v
v

v reworked tu� ? with sand grains and glass

tu� fragments in �oat

2 thin limey tu�s

v
glass, pumice, white tu� 20-WB-62

reworked tu� with cross-beds, glass, some biotite, pumice

rip-up clasts, imbrication of clasts, glass
layers, some layers are cross-strati�ed

20-WB-64

20-WB-63

wpt 214
709959, 4024167

20-WB-65

20-WB-66

wpt 215
709967, 4024120

wpt 216
709954, 4024014

75 m tu�??

red-weathering limey sst

white, laminated tu� with ‘dipNdot’ 
weathering, cross-strati�ed dunes
pumice, glass few biotite SD 86/19

red-weathering limey sst

v v

v v

v v
v v

v v v v

reworked tu� with glass and few 
biotite
sandy limey tu�

red weathering limey sst

gray, glass shards
no pumice
few black crystals

maybe Ryan Tu�??

90 m tu�??
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white-tan, limey tu�, mm-cm layers 20-WB-40 Base of M3  Section wypt 276 
709854, 4024345
SD: 102, 23

o�set from 277 to 278

tu�aceous lmst at base
white/red/tan/green

20-WB-141
1-5 cm beds

rusty-brown, �ne, 
limey heterolithic sst

pinkish tan pebbly sst, 2 cm angular gray lmst pebbles

4 layers of tu�: base 20-WB- 42;  pumice fragments, biotite, coarse 
grained; reworked with lams and cross-beds

pumice frags, limey, clear grains, limey sandy tu�, 20-WB-43

top layer: 10 cm, Mr. Moustache; dark gray; 20-WB-44 �ne grained

v vv

sandy tu�; �ne sand, pumice frags; 20-WB-45

limey sandy tu�

red tu�aceous sst
thin layers sandy tu�

20-WB-46; limey tu� with pumice, biotite

reddish, limey sst, very thing

heterolithic, limey, tu�aceous sst

heterolithic, limey,  sst with pumice frags

limey tu� with pumic frags and biotite

heterolithic sst with pumice frags
v vv

v vv

v vv

med grained, pumice frags, 
heterolithic tu�aceous sst wy 211 709921, 

4024264
Top M3 
section

mm-cm scale laminations
very light tan
some lams are wavy in places

fault in here??

angular, 1-5 cm clasts and larger, 
red sandy matril

angular 1 cm well-sorted clasts, clast 
supported, varied clast types, sandy matrix wy 138  709830, 

4024439 Base of 

using SD 96, 22 gotten 
from top of section M2

wypt 140  709838, 4024399

top of M2 wy 141
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Lovell Wash 
Member Correlations
Lovell Wash Syncline 
Area to Western White 
Basin 

Lovell Wash
Syncline Area

“eggshell” stromatolitic limestone

mud and limestone

mud + sandstone + �ne/med sandstone

thin-bedded mud and 
sandstone

thin-bedded silt- and 
mudstone

�ssile, laminated 
gypsiferous limestone

Mixed crinkly-laminated 
and ‘eggshell’ limestone

mixed siltstone and gypsum

laminated �ne- to med-
grained sandstone

ripples

teepees

cover

tufflimestone

sandstone

tuffaceous sandstone

tuffaceous limestone

calcareous sand-

sandy limestone

bedded sandstone

gypsum

breccia

conglomerate
calcareous mudstone

sandy mudstone

mudstone
domal stromatolites

laminated �ne- to med-grained sandstone

Stratigraphic Correlations
Strong correlation based on �eld 
relations, mapping, walking out beds

Inferred stratigraphic correlation 
based on lithology

Lower microbialite-rich unit 

Upper microbialite-rich unit             

Boundaries between major strati-
graphic packages

Strong tu�-based correlations based on 
tephrochronology, age data and �eld details   

Inferred tu� correlations based on �eld data 
and interpolation between other known 
correlations  

South

North
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Red Sandstone

Gypsum
>80%  gypsum

Mostly limestone with 
mudstone/marl 

Limestone, sandstone 

l

ls

Mostly mudstone/marl 
with minor limestone 
and sandstone 

Mostly mudstone/marl 
with minor limestone,  
sandstone and tu�

mls

Mudstone/marl with 
some limstone 

ml

g

 Mostly limestone 
with tu�s
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Limestone, Sandstone, 
tu� 

lst V

sm Mix of sandstone  
and mudstone (50-50)

st Sandstone with tu�
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Mudstone  with  
minor tu� and sst

Mudstone  with  
minor sst
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Facies Associations

Fluvial

Lacustrine

MIXED: Fluvial-
Lacustrine

All UTM locations shown 
use NAD 27 Datum
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Sed rate  198 
m/ 0. 43  My =   
460 m/My

Sed rate  = 
67m/.27 My 
=248 m/My 

Sed rate 106m/ 
0.23  My = 
461m/My

13.43 +/-0.02 Ma  tu�

12.93 +/- 0.02 Ma tu� 

distinctive pumice-rich tu�

13.43 +/-0.02 Ma  tu�

pomerleau tu�

Sed rate  398 
m/ 0.43  My =   
925 m/My

Tephrochronology results:  LMLL233, 
LMLL 224 and LMLL 229/230/231are a 
strong match

Tephrochronology results:  LMLL260 
and LMLL 244 a strong match

Tephrochronology results:  
LMLL243 and LMLL 249 are 
a strong match 

correlates to LMLL239 in Area A


