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PROJECT TITLE 
DETAILED STRATIGRAPHY OF THE INFERRED OLIGOCENE CONGLOMERATE 

A T BOAT MESA IN BRYCE CANYON NATIONAL PARK, UTAH. 

INTRODUCTION 
This study is a further step of the multi-phase geological study started by Stonnie Pollock 

on the conglomerate at Boat Mesa. Step one of this geological study was to get an initial 
overview of the conglomerate at Boat Mesa; i.e. aerial distribution and rough stratigraphic 
section of the conglomerate. 

Step two on the geological study of the conglomerate at Boat Mesa has been to take a 
further and more detailed look into the conglomerate with a more detailed stratigraphic section. 
The three main focuses for this additional study and the stratigraphic section are paleocurrent 
direction, lithostratigraphy, and biostratigraphy. 

The Conglomerate at Boat Mesa (Bowers 1972) is a seemingly isolated conglomerate 
in/near Bryce Canyon National Park. The clasts in the conglomerate consist mostly of differing 
amounts and sizes of dominantly tan and black chert and quartzite, with other minor colors. The 
matrix of the Conglomerate at Boat Mesa consists of silts, sands, shales, and limestones; 
becoming more limestone as one rises through the strata. The age deduced/inferred for the 
Conglomerate at Boat Mesa is Oligocene (37-24 million years ago). 

The Conglomerate at Boat Mesa sits on a gradational unconformity (disconformity) 
upon the upper white limestone member of the Claron Formation. 

METHODS 
Geologic Map of Bryce Canyon National Park and Vicinity, Southwestern Utah by 

William E. Bowers (1991), Aerial Distribution and Stratigraphy of the Conglomerate at Boat 
Mesa Bryce Canyon National Park, Utah by Stonnie L. Pollock (1997) were used to begin this 
detailed study of Boat Mesa. Data was taken and described on site while measuring with a 
measuring tape. Detail of each section was taken like rock type, color, grain size, sedimentary 
structures, topographic expression, and thickness of the measured unit including lateral 
variations. All data was compiled to produce a detailed stratigraphic column of Boat Mesa in 
hopes to attain information on paleocurrent direction, lithostratigraphy, and biostratigraphy. 

The stratigraphic section results were measured on the south side of Boat Mesa because 
bed unit exposures are more easily observed. The south side of Boat Mesa has a more gentle 
slope and measurements could be taken without serious danger of injury. There are a greater 
number of exposed bed units on the south side of the mesa with less cover of float and/or 
overgrowth. 



RESULTS 
Important data from the detailed measuring of Boat Mesa is recorded below; BM # is an 

abbreviated name for each bed unit measured (i.e. BM 1 = Boat Mesa unit one). 
Stratigraphic Unit Descriptions 

BM 1 Interbedded Shale beds. 
Slope forming shale dominates with a weathered color of white to light gray and a light 

gray with yellow bits when fresh. The fragments get more angular and larger in size as one digs 
further into the outcrop. Minor constituent included are the bits of yellow and the calcareous 
nature of the shale. 

The secondary shale bed is yellow in color weathered and yellow-brown when fresh . The 
yellow shale beds have a platey orientation with distinct horizontal bedding. Each yellow shale 
bed has slight pinch and swell from one to two inches. The yellow shale is well indurated while 
the gray is not, thus making the yellow shale bed a cliff former. 

The lower contact is gradational with the Claron formation. 
Total thickness ofBM 1 is approximately 20 feet. 

BM 2 Interbedded siltstone and mudstone. 
The siltstone is a slope former. This non-resistant bed is interrupted by a well-indurated 

lime-mudstone that is gray in color. There is a stucco type coating of yellow silt from the above 
beds. 

There is some lateral differentiation in the bed thickness. Near the top ofBM 2 the beds 
pinch and swell. The lateral variation in the mudstone ranges in thickness from 2 inches to 1 
foot, while the siltstone has a less drastic range of 4 to 8 inches. 

There are 15-17 interbeds. 
The lower contact is gradational from shale to silt in size. The shale is yellow in color 

and grades into a yellow-gray silt. As one rises in the silt bed the gray color diminishes until the 
yellow dominates apPJ;oximately two feet into the bed. 

Total bed thickness of BM 2 is 23 feet. 

BM 3 Conglomerate. 
This is the fust sighting of the conglomerate as we rise up Beat Mesa. The conglomerate 

is matrix supported and has visible paleo-river channels that have a 50/50 matrix/clast 
combination. The channels are poorly sorted in that the grain size ranges from silt to granule in 
size. Outside of the channels within the conglomerate the ration of granules increases with more 
pebbles. BM 3 becomes covered by float laterally along the mesa. 

The total thickness ofBM 3 is 4 feet 5 inches. 

BM 4 Bed BM 4 is dominated by float and debris from above. 
Within BM 4 t~ere are 3 exposures of a muddy siltstone. The bedding is cleaved within 

the muddy siltstone exposures. The exposures of the muddy siltstone are brief at 1',1', and 1'6". 
8M 4 is capped with ler se of medium grained sandstone. The sandy lense is poor to fairly 
indurated making BM 4 a slope former. 

The lo~er and Jpper contacts are inferred as gradational because of the float that is so 
abundant in BM 4. Total thickness of BM 4 is 40 feet. 



BM 5 Limestone. 
BM 5 is a dirty limestone with some silt mixed within the bed. There is red-yellow color 

to BM 5 both fresh and weathered. Spheroidal fracturing and weathering dominated the 
topographic orientation of this cliff forming bed. BM 5 is well indurated and has visible 
horizontal bedding planes. There is a stucco type coating of medium to coarse sand tan is color 
that is easily wiped away. The lower contact is undefined due to that amount of float and cover. 
Note that BM 5 is the base of the cliff/steep sides of Boat Mesa where this stratigraphic section 
was measured. 

Total thickne s exposed of BM 5 is 10 feet. 

BM 6 Interbedded Lithic Sandstone and Limestone. 
BM 6 has a sharp lower contact, in fact all contacts within BM 6 are sharp. The 

sandstone within BMi· 6 is consistent in that it is medium to coarse grained with some lateral 
variation of pinch an swell; a purple-red-gray color with a tan stucco type coating; and all are 
cliff former. The mai difference between the sandstones in BM 6 are the weathering 
characteristics. The range is appearance alters from spheroidal weathering to blocky looking. 
The sandstone is well-indurated in all exposures within BM 6. In the top sandstone layer ofBM 
6 paleo river channel are present and the layer changes from well indurated to poor to fairly 
indurated. 

The limestone interbeds within BM 6 are also quite similar in that the color is reddish 
throughout and gets more yellow in color up the bed. The weathering in each exposure of the 
limestone is spheroidal. Each limestone layer within BM 6 has some lateral pinch and swell 
variation. One distinguishing characteristic of the cap limestone ofBM 6 is that the weathering 
becomes angular but nodules are present and the yellow color is more prevalent. Also the upper 
contact ofBM 6 is a !fadational one. 

The total thici ness ofBM 6 is 7'-1] '3/t. 

BM 7 Sandstone. 
BM 7 is a finF.eo medium grained sandstone with sub-rounded grains and moderate 

sorting. There are lit ics within the sandstone but less that 25%. The induration is fair and the 
sandstone has blocky I eathering patterns and is a clifffonner. The lower contact ofBM 7 is 
gradational and the \al eral variation changes approximately one foot due to pinch and swell. 
There is a stucco type covering of mud to sand sized material on parts of BM 7. 

Total thickness of BM 7 is 2-3 feet. 

BM 8 Conglomerate split by an interfingered coarse sand and a siltstone. 
BM 8 is a matrix supported conglomerate of boat mesa. BM 8 is the second exposure of 

the conglomerate. The matrix is composed of medium to coarse sized sand and the clasts 
consist of tan and blaok chert pebble. The pebbles are angular to rounded with rounded pebbles 
dominating. The lower contact is sharp and the conglomerate is fair to poorly indurated and has 
some lateral pinch and swell variation of 1 to 4 inches. BM 8 matrix is a source of some stucco 
type covering below. I 

The interfingered center ofBM 8 is composed of a coarse sandstone and a siltstone. The 
sandstone is cleaved vyith good horizontal bedding with poor sorting. The siltstone has a 
blocky/massive appearance with an absence of noticeable bedding. The thickness of the 



interfingered portionl a BM 8 is 2'3". 
The cap conglomerate ofBM 8 is composed of very coarse to pebble size grains. The 

grains decrease in sde up the layer into a lime-mud absent of any sand sized grairts. The Iime­
mud is blocky in appearance with no visible bedding. The color ofthe lime-mud is red grading 
upward into yellow. 

The total thic ness ofBM 8 is 4'-5'. 

I 
BM 9 Sandst.one. \ . . 

BM 9 IS a me~lUm to coarse graIned sandstone with moderate sorting. This sandstone is 
massive and trough ~foss-beds are abundant. There is a paleo-river channel in BM 9 that is 
unique to the other c~annels in that the channel is clast supported by tan and black chert. Bm 9 
is a cliff fonner and tir induration. The lower contact is gradational. 

The total thicf ness ofBM 9 is 17". 

BM 10 Silty ~imestone. 
BM lOis a m xed silty limestone. The color is tan both fresh and weathered with some 

small lenses of interb ds. The interbeds are composed of si lty limestone and limestone but are 
mostly mixed. There are limestone rip-ups in the mixed silty limestone up to cobble in size. 
BM 10 is a cliff form r and has poor to moderate induration. The lower contact is gradational 
fromBM9. I 

Total thicknes ofBM 10 is 8'-11'. 

II 
BM 11 Lithic ~andstone. 

BM 11 is a m~dium to coarse, sub-rounded grain lithic sandstone. The color of the bed is 
tan to dirty tan depen1ing on the concentration of the lithics. There are limestone inclusions in 
the bottom 2' ofBM IiI. BM 11 is a resistant, blocky, massive, cliff fonning bed of sandstone 
with a sharp lower co tact. Paleo-river channels composed of sandstone are obvious but have no 
visible bedding. BM 1 is laterally continuous with no pinch and swell variations. 

Total thicknes of BM 11 is 21 feet. 

8M 12 Lithic ~.andstone . 
BM 12 is a Iithl~ c sandstone composed of coarse sub-rounded grains. The color is dirty 

tan to gray with tough cross-bedding visible. BM 12 is a well indurated cliff former with a sharp 
lower contact. I 

BM 12 has a large conglomerate paleo-stream channel composed of tan a black chert 
pebbles. The black pebbles dominate but the slope forming conglomerate is still matrix 
supported by coarse sat d. 

The total thick ess of 8M 12 is 8 feet. 

BM 13 Conglorerate. 
BM 13 is a di~r tan color with tan, black, gray, reddish, and banded, chert and quartzite 

pebbles. The bed is p orly sorted with sub-rounded grains. BM 13 has numerous shallow but 
wide paleo-stream chlnels. The channels are no more than 12" deep and up to 8' wide. The 
channels are medium I coarse sand in size and the deeper channels are up to 11 "deep and 2' 
wide while the more sallow channels are 6" deep and 8' wide. Some ofthe channels have 



trough cross-beddin and the flow of water was traveling North-South with deposition on the 
East side of the chaf el . 

The conglo~Frate is loose with poor induration held up as a cliff former Ily the 
clasts/aggregate. Thf lower contact is sharp and there is no noticeable pinch and swell 
characteristics. 

BM 13 had 0 e very unique characteristic in that a fossil was found within the bed. The 
fossil is a hom coral ut is a poor age dating fossil because the horn coral has wide distribution, 
long lived, and is stil a living species. BM 13 has the onJy embedded fossil found . 

The total thic ness ofBM 13 is 15'8". 
I 

BM ] 4 Lithic I~andstone. 

BM 14 is a m~dium to coarse grained, moderately sorted dirty sandstone. The color both 
fresh and weathered i tan to dirty tan. BM 14 has some very sparse pebbles within and has 
lateral pinch and swell variation. In fact BM 14 pinches out to nothing in places and then re­
appears. There is not~ceable horizontal bedding and fracture. BM 14 is a blocky, resistant, cliff 
former. I 

BM 14 has a t tal thickness of 0"-9" . 

BM 15 Interbe ded Sandstone and Conglomerate. 
BM 15 is com I osed of a dominate conglomerate with interbedded sandstone. The color 

of the conglomerate matrix is cream to white with tan and black chert gravel. The sandstone is 
tan both fresh and we hered. The beds are both interbedded and mixed with gradational and 
sharp contacts that ge~ more sharply defined up BM 15. The beds range in tbickness with no 
noticeable pattern. Each layer has a slight degree of induration change but the overal I induration 
increases up the bed, i.b. the beds get more resistant up BM 15. 

BM 15 has a td al thickness of] 2'2". 

BM 16 Conglo erate. 
BM 16 is com~sed of tan, black, dominated chert pebbles with gray and red quartzite 

pebbles too. BM 16 is la very limey, matrix supported bed and is tan to white in color. BM 16 
has a sharp lower contt t and is a resistant, well-indurated, blocky, cliff forming bed. After the 
bottom one foot limest ne rip-ups appear in the conglomerate. The conglomerate also has 
secondary calcite strin I ers and has botryoidal weathering with the increased lime mud. 

Total thickness fBM 16 is 3'4" . 

BMI7 lnterbed ed Lime-mud and Sandstone. 
BM 17 is comp sed of interbedded lime-mud and medium to coarse grain sandstone. 

The lower beds are poo ly indurated and have secondary calcite stringers and intraclasts of pure 
white lime mud within.1 The induration becomes moderate up the bed. 

The sandstone i also poorly indurated below and increases up the bed. The sandstone is 
tan in color both weath~red and fresh and also gets a more blocky look up the bed. 

The upper foot ~fBM 17 shows an occasional conglomerate paleo-stream channel. The 
stream channel shows ti e same North-South flow as all the other channels have and channel lag 
with the inside of the st earn on the East. 

BM 17 has a tot I thickness of 6'5". 
1\ 



BM 18 CDng Dmerate. 

BM 18 is CD I pDsed Df a pure white limey base with sparse pebbles the first fDDt and with 
an increase in pebbl abundance and darkening to' tan after the first fDDt. The pebbles are tan 
and mDstly black in : DIDr. AlDng with the increase in pebbles the weathering characteristics also. 
change up the bed. he bDttDm fDDt DfBM 18 has a rounded fracture and weathering 
characteristic that bel Dmes mDre blDcky up the bed. BM 18 grains get mDre CDarse up the bed. 

BM 18 has a . harp IDwer cDntact, and SDme cDvered expDsures due to' the abDve flDat. 
The tDtal thic ness DfBM 18 is 8'. 

BM 19 nd uncDnsDlidated sediment. 
ppermDst layer Df bDat mesa and is cDmpDsed Df flDat, debris, and 

uncDnsDlidated sedil ent. One unique characteristic DS BM ] 9 is that Dn tDP Df the mesa there 
are fossils that can b fDund. The fDssils are small and also. nDt imbedded sO. as flDat the fDssils 
cannDt help date the DnglDmerate with any credibility. 

The tDtal thic ess ofBM 19 is 15'-]8'. 

DISCUSSION 
fDcuses Df this study were describing each unit at BDat Mesa for a 

lithDstratigraphic des ription, determining paleDcurrent directiDn of the sediment that are BDat 
Mesa, and finally use Df any fossil fDund for pDssible cDrrelatiDn and biostratigraphy. 

LithDstratig aphy was the first fDCUS Df the study. The detailed stratigraphic sectiDn is 
the result Df inch by i' ch measurement Dn the mesa. The inspectiDn DfBDat Mesa shows us rock 
types which are dia Dstic Dfthe IDcal environment, but nDt Df age. While measuring the 
sectiDn the determin I iDn frDm data was that the paleD-envirDnment was Dne Df a braided river 
system and/Dr meand ring river system. Perhaps future studies Dfthe surrDunding area will be 
able to' precisely CDrr late the units at Boat Mesa with thDse that will ShDW a definite sDurce 
land. 

The measure ent of sedimentary structures in each bed unit were used to' detem1ine 
paleocurrent directiD . Bed unit thickness along with crDss-beds within units ofbDat mesa were 
recorded to see frDm here the sediment pDssibly came. The paleD-river/stream channels fDund 
and the channel lag ithin each unit ShDW that paleD-environment was a braided river system 
and/Dr meandering ri er system. The channel lag and cross-beds, (when present), between units 
have the same charaa er and ShDW the same directiDn. (See units BM 11, BM 12, BM 13, and 
BM 17). 

Few measure ents were taken frDm the nDrth side ofBDat Mesa due to' the amount of 
CDver, pinch and swe I Df the bed units, and difficulty Df getting to the DutcrDp. The few 
measurements that w re taken from the nDrth side Dfthe mesa ShDW similar to less bed thickness 
then the south side 0. the mesa. The channel evidence and bed thickness data ShDW that the 
sediment mDst likely arne frDm a SDuth to SDuthwest direct iDn. Perhaps a direct study/IDg Df 
the units that obtain ross-bedding and channel lag only will supply increasing evidence for a 
definite source land. I 

The final foc s of this study was biostratigraphy. Biostratigraphy can give a "near" exact 
age of a rock. There ere micro-fossils fDund on BDat Mesa but the fossils were Dn tDP ofBDat 
Mesa unconsolidated (but iSDlated), along with the float of BM 19. In BM 13 a fossil was found 
imbedded and identi ed as a horn coral. FDr a fDssil to be a good indicator of age it must be 



both short lived 
lived, in fact there 
have thus far been 

The "'V'.'~"V' 

have a wide distribution. Hom coral has wide distribution but is not short 
hom coral around today. The evidence for a link by using biostratigraphy 

and inconclusive. • 
at Boat Mesa is a unique and interesting feature not only in Bryce 
Many more studies would help further the understanding of the 

studies could include a detailed gravel count study, a detailed log analysis 
channel lag features within the conglomerate, a regional exploratory 

and/or inclusions, (even oxygen isotopic evidence), present at Boat Mesa. 
g there are two slides that show the Fairyland fault cutting Boat Mesa only 

done to date the fault, then the mesa could be dated also. 
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Fairy and fault on north side of Boat Mesa. Fault only offsets part of Boat Mesa, 
so ag the fault and age the mesa. 
Mass asting making the high angle slope float. North side to Boat Mesa. 
Fairy nd fault from below. North side of Boat Mesa. 
Sout~ s!de of Boat Mesa ~th large conglomeratic channel visible. 
Sout sIde of Boat Mesa WIth large conglomeratic channel visible. 
North side of Boat Mesa with Fairyland faul t visible. 
North side of Boat Mesa with Fairyland fault visible. 
South side conglomerate with cross-beds in small layers. BM 18. 
South side conglomerate with cross-beds in small layers. BM 18. 
Conglpmerate bed, BM 15 with slight thinning upward. 
Congl~merate bed, BM 15 with slight thinning upward. 
ThiCk \COnglOmerate layer. BM 13. 
Thick onglomerate layer. BM 13. 
Mass asting of sandy layer. BM 11 . 
Mass asting of sandy layer. BM 11. 
BM 1 and BM ] 2 divided by a ledge and large tree. 
BM 1 and BM 12 divided by a ledge and large tree. 
BM 5 imestone layer. 

Poor I Posure ofBM 5. 
BM 1 has a large conglomerate paleo-river channel. 
BM 1 has a large conglomerate paleo-river channel. 
BM 12 has a large conglomerate paleo-river channel. 
BM 1 has interesting wasp holes in it. The poor induration ofBM 11 make it 
easy fi the wasp to make a home here. 
BM 6 ith large sandstone channels that cut into BM 5. 
BM 6 ith large sandstone channels that cut into BM 5. 
Cross- edding with rare pebble size of chert. 
Cross- . edding with rare pebble size of chert. 
Stucco1covering from overlying beds weathering. 
One sq are foot photo of conglomerate. 
One sq are foot photo of conglomerate. 
Sunset t Bryce Canyon from Boat Mesas south side. 
Photos I f Cedar Breaks National Monument showing no conglomerate above the 

I 
Claron ormation as in Bryce Canyon. Some photos did not tum out. 
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BRYCE CANYON NATIONAL PARK 
The Conglomerate at Boat Mesa 
Jared Baker 
Southern Utah University (1998) 

Scale: 1 inch = 1 5 feet 

Floe.t and unoomoIidated tediment. 

8M 19 ia the t1pp8lmO.tlayer of boa I mesa and is compcn!edofDoat, debru, and wlcoJti!ondated~. One uniqD.e charac~ 08 BM 19ii that 
on top ofth.e meaa there are foniII that can be found. TIre bails are IIlmllI and ai»o not imbedded 80 as float tho: fOilill: cannot beip date the con.gk>rnento: v.ith llIlY 
=dibility, 

Thetctal th:ick:nuaofBM 19ii 1~';'·18' . 

ID::!..!! Conglomerate.. 

BM 18 ill compotred. ofa pure white limey hue with tpane pebbletl the lint foot and wiD; aD; ~ in pcbbk abunJanC'e lUlU darkening to tll1l after 

\

thC tint foot. Th.e pebb1a Ite tan and mOitJy black in color. A1oo8 with tha increue in pebbl~ the we:.u:hnu18 characterirt:i~ alio cluulge up the bed. The bottom foot 
ofBM 18 hal a rounded fracture and weathering chara.cteriJtic that bcoomea more blocky up the bed. 8M 18 geb" more coasse up the bcd. 

8M 18 Jw a ,harp lower contact,. and 80rne covered expollllt« due to the above Boat-
The total thickn.M ofBM 18 is 8'. 

~ Interbedded Lime-mud and Sandrtone. 

BM 17 if c:ompoar.ed. ofinte:rbedded Jime..wuO and rrn:di\1rn to coane grain JaDdltone. The lower Ixoa are poorly indurated and have Je\:'Ot\dazy coote­
Itringen and intraclam ofpW't white lime mud within. The induration becomes modente up the bed. 

The Alldstone is alto poorly indlU'8tOO below and in~ up the bed.. The sandrtone is tan in color both weathered and fresh and aluo gou 8 more 
blocky look up the bed.. 

The upper foot orBM 17 mow. an occuional \,'011glo1necate paIeo-ttrearu cltannel Tho rtreazn channel,h\)wI the saJl\e North..south flow a. all the 
other channell have and channeJ.lag with the Wide ofthc st:rco.m on the Eut. 

8M 17hua total trucknet,of6'S-. 

8M 16 COilglomerate. 

-- 8M 16 ii compoted of tan. bJack. dominated cltert po:-bhles with gray and red quartzite ~bbl..,.too. 8M 16is-a vCf)'1imey,tD32riJ;:~~w 
abut to white in color. BM 16 h8f a Iharp lower contact and iI aremtant. .. eiHndurated, blocky, clifffonning bed. After the oo."t,:.m act'fi:>ot~cp-qII- ,,"~ 
in the conglomerate. The conglomctate a1ao hall fCcondlllY calcite rt:ringerJ and lw: botIyo.idal weathering with the mcrctied lime mud. 

TotalthicknehofBM 16a3W. 

!!M..l1 lnterbedded Sandatone and Conglomerate. 
BM 15 11 oompotlCd of II dominate oonglorneratc with interbedded ~andstonc . lne color ofdw ~ ~ .. <:rn:m Ii) white with hm and 

black chert gravel. The .andJtone it tan both fr€!$h and weathered. The bedI are ooth interbedded and mixed with ~ cd ft.rp conm..-u that get more ~hw]lJy 
defined up 8M 15. The beds nnge in thlcknes, with no noticeable pattern. Each layer haa a ~light degree of inderatiaa d!:~ ba &...e O\'end! induration incrllllBe~ up 
thlil bed, i.e. the bedi get more resiatant up BM 15. 

BM 1 S hat a total thicknon of 12'2-. 

8M 14 Lithic Sandrume. 

-- 8M 14 if a medium I.ocoarae gralned,moderately»orteddirty . andWme. Therolor bo& i'n:tb Cld weathered is Ian to dirty tan. BM 14 hal rome Vfl)' 

'parle pebbln within and hu laterul pinch and well variation. In fact 8M 14 pinchetl out to nothing in pia.:a-and then R-appelU'l. There iu noticoable hori.z.osJta! 
bedding and frB..:tllJ'e. BM 14 i. a blocky, mirtant, clifffooner . 

BM 14 hlP a total thickneu of 0"-9". 

!!t:!..!1 Conglomerate. 

BM 13 iI a dirty tan color with tan, black. gray, reddiih, and banded., chert md' quartzite pebble •. The bed is poorly toned ..... 3~~_ 
BM 13 hunwneroIlllhallowbutwidepale.o-meam chawwb. TIle dlanne1g are no more than 12~ deep and up to 8'wide. ThtilchanndlL"'e~_<ttC!:w. tan'din 
size and the decperchanne1.are up to II-deep and 2'wide while the-more shallow channeJJare 6- deep and B'wide. Some- ofthedwDe'IY~~~ 
and the flow of water wu traveling North-South with depol.ition on the East ride of the clwmeL 

The conglomerato i.lllooee with poor induration held up u a clifffomm by the cia.talawegate. Thelo"" e:r ~.IIIiZpIUd~".,IiK6.."eIbIe­
pinch and .well chlUacten.tica. 

BM 13 hlld one vet)' wUque ch.aracteri.ttic in thlll a foui! wu found within the bod . The fom! iJ a hom ~ I!;Q v"pza' .. ~bMi~ h:: 
hom comll:w wide diatributicm, long lived, and ill .till a living Rpccies. 8M 13 has the only embedded toml found. 

'flwtotaltrucknelfofBM 13a 15'8~ . 

~ LithicSsiidstone. 

BM 12 iI a lithic .andri:one cOfTl{lOHd of coan:tl mb·rounded grainI. The color iJ dirty tQJl to gnay with tough c.roat=.bedding visible. RM 12 iM 11 well 
indur.ltod cliff formor with II IlUiep lower contact. 
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8M 1 , Lithic Sandmmr. 

-- 8M II it. mediwu to 1.'O&l'Ie, lUb-tounded grain lithic .and.tone. 11\e color orth~ bed i. tan 10 dirty tlln dlt~ding 011 tho concentntion of the lithic. . 
There are linlHtonO mchwol\I in the bottom 2' of 8M 11. 8M I t ill a remtant, bloc),:}. manive, cliff forming bed of aandstone with a aha.rp lower contact. Paleo-rivlL!r 
channelJ compoeod of .and.lton. .,.., obviOQf but bav. no vi_bI. beddin8- 8M II "l.~ralIy continuou. with no pinch and fWeO VJriationa. 

Total thicknell orBM II il21 f«t. 

~ Silty Limetton •. 
8M to iI. mixed Iilty limeflone. The color i. tan both fruit and weathered with ,orne Slllalllense. ofintnbedl . 1l\e interbeds are compottd of . il ty 

J.im"tone Mdlimeltone but are ntOftly mixed. Thoreve lime.lo"., rip-up.iS1 the mixed fiJry limeltone up tocobWot in riz:e. 8M 10il. ctifffonnerand hat poot to 
moclerate induration. The 10wu CCG1act it gredatioaal from Bp.( 9. 

Total~of8M IOilS'·II', 

BWi9 ~ 

- BK9.a-___ bo:tW~..:rtk:ar'1filll~~ n.~.n;;UIJVtandtroughcl"Of'.bed.larc.bu.ndant . There ia a 
~ct:a::.t_5SC9".ai;Dr:."c6.~I2itlt6tcbaDd."~t.yt.mudbbcl:chm. Bm9nlclifTfonnerlllldfall"induratiofl 
n.,.Ib£cCOlCll:l..-~ 

~~6d=-""" •• 1T"" 

!!!!! ~'l'iU,'_--.,...a __ ..... _._ 

1DI .... -=:a~~of'bc.::rDC'f:L 8M8i1the~e:xpowreofthec:onglomCl'8te. 'Thenlatrixi.compotod~frnediumlo 
cocwDrd 1I::lIiIt_"~lIiICJIIIIiIlofbrl_ w.cl: chat pebble. The pebble. are: angular to rounded with roWldod pebble. donlin_Mg. T1141 lower cootac:t 11 .harp 
Wld tho~. tUtopoody iBduated mdhalJIC!dMl:a1mlpinch and.weU variation ofl to.4 lnchet. 8M 8 matrix i.1I; fOW't'O of.omo .tuc:coty'pl! c:overing 
below. 

Thointedingered oe:ntctofBM 8 iI\."Ompo.ed ofa C:OIU~ nndltone and a Iiltrtoue. The talldltone i. cleaved with good hoW.ontal bedding with poor 
lOtting. The mtJlOne hu _ bIodcylmaNivc appearance with an _btence ofnotic:eabkl bedding. 'n\l;l thicknea or 1M: lntcr6ngered portion a 8M 8 iJll')-. 

The cap congIocnente ofBM 8 if cornpotod of very coarse to pebblo size gmin •. TIle g,rairuI dtClC1lle in cize up the layer int.., 16 J.i.me-Inud lI~nt of 
allY aand Iizad grwinI. The lime-mud it blocky In appearance Wilh no viaible beddUJs. The color of the lime:-mud i. ted~.~ 

1Jw*sW.b
• ) .... ~". 

BM 1 Sa,nditofte. 

- eM 7 it • fine to mediwn grained .andstone with .ub·rounded graUa and moderate JOtting. Thcrt are lith.ic. within the .and.tone but ko that 250/ •. 
Tho iDdUClltion iI fair and the tandltone ru.. blocky weathering pettemt and is II cliff formel. The lower QOntact of BM 7 is gradational and the latem variation c:hllngetl 
approxirnatc1yone foot due to pinch and tweU. Then;" a ftu~type coverlng ofnrud t088,1ld lized material on putJ of BM 7. 

Total thicknen orBM 7 il2-) feel 

BM 6 InterbeddAtd Lithic SandJtcme and I..imMone. 
- 8M 6 hall a dwp lower contact. in filet all conbw:tI within 8M 6 aJ1I .harp. The llaDdrtone within 8M 6 w con.sirtent itt that it i. medinm to 1:0am 
grained with 10m. literal VIIliation ofpinch and ncU; a purpIe-red-gr.yC1Xorwith a tan Jtuc:co type coating; and aD are difrfocm.t. The m.m difference between the 
.andMtone. in BM 6 ue the wcatherina cJwa~ •. The range "appearance alle:fJ from tphcroidal weatherina to blocky looking. The IlndJtone is weoU-indun.tuc1 in 
all exporuret 'Within 8M 6. In the top IIIJld.tone l.ayw orBM 6 paieoriver channelt are pre.ent and the layer chans" from 'WeU indurated to poor- to fairly indurated. 

The limatonc inteJbedl within 8M 6 are alto quito Arnilat in that the color .. reddiilh thJ'O\lghout and gets mont yellow in color tip tho bed. Th(l 
weathering in each expot:Ul'El of the limeatone it tpheroidaJ. Eacb limo.tane layer within 8M 6 flu tome lateral pinch and fWeU va.n.bOfl. One ditti:ngUWUllg 
char.cten.tic oltha cap limeatoot of 8M 6 iI that tho weathuiuc b.come. angular but n.odule. are prtJlOnt end tho yeUow color i. more prevalent. Alto the upper 
contact ofBM 6"a ~OM. 

1'hetotaltb.ickn ... ofBM 6i17'. 11'3-. 

Limeltone. 

8M .5 ii, dirty Wntltobe with lOme ail1 mixed within the bed. There 11 red-yellow color to BM S both fRah and weathered. Spheroida1 fracturing and 
weathering dominated the topogaphic oritmtation ofthi. cliff forming bed. 8M.5 it well indurated and hu viaible horizontal bedding plane.. TIl6trll ill. Jt~ type 
coatingofRMtdium to C<.'8Iie And tanil color that;' CIlJily wiped awa)'. The !owor contact i. wlde6.noo due to that amount of float and cover. 
Note that BM 5 it the base of the cliftJlteep lick. of Boat Men where tN. Itratigmpbic lCC'Iion was mearured. 

Total thicknn, OXpoI8d ofBM 5 it 10 foet. 

Bed 8M" iI dominated by float and debdl from above. 
Within 8M " there IU"O ) expotWlll of a muddy riltltonc. Tho bedding it cJceved within the muddy Iilutone expolWW. Tho~. ofiM muddy 

Iilalon.e 8l'O brief,t 1'.1'. and 1'6-. 8M 4i1c.ppod with tense ofmediwnsrained .andttone. Tbelltrtdylenlle iI PO<lr to fairly indurated ~BM 4, slope fomlor . 
The lower and upper contactlillA inforred at platiMal. bcca~e oftbe noat that is 110 abundant in 8M 4. Totltl thicknea or8M .. it 40 feet. 

Consfomen.te. 
nu. it the tint .ichti.n& of the oonaLomC'J1lte .. 'we rile up Bent Mella. The conaJomerate it mllbix JUpported and Au vimble pale..,..river channell that 

have. SO/SO matrixlclut combinati<m. The channaa are poorly lOII.ed in that the grain size r&I18e1 from lilt to granule in tize. Ou!tl~ oflbe dwmelJ within the 
congIomeme the mion of gnnulet incrCUei with more pebble •. BM 3 bccomOi covered by float ,.tonlly along the men.. 

The total thielene .. orBM) u " feet.5 inchel. 

8M 2 InleIWddtd ailtrtone and muditone. 
- The.ru.tone iI a.lope fonnli!t. This non-rHistant bed it inletrupted by a weU-i.ndun.ted lime--muditone that is gray in co1o:. There it a stucco type 
coatina' ofyeUow ailt from the abov, bodI. 

Thoro illoine latoral dilfOMltia1ion in the bed thi.ckn8Sll. Now tJUl top ofBM 2 the bli!dI pinch and .well. The 'alt1al variation in tht;) mudatollt f'I,/\gt8' 
. in thickne .. from 2 inchOl to 1 foot. whil, the mtJtcmo hal .le .. dtutie range of .4 to 8 inche.. 

TheT'e ~ 15-17 intorbod.. 
The lower contact it gadatiOllll! from .bale to tilt in tize. f'ho Ihale;" yallow in color aM gradet into a yellow-gny tilt. N ont riH'l in the Jilt bod. thtl 

gray color dirninilhu until the yeDo .. dominatN approximately two feet into the bed . 
Total bed UUcm... of BM:2 it 23 feet. 

..: .' ~ . W Interbeddod Shale bedi. 

, Slope fonninQ .hale dominate. with a weathentd color ofwhitcl to light gray and a lig,ht gny with yellow bitI Whim fresh. The fragmentl set mOle 

li'h,,..J 
~".l!.'S"'N)) 
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angular and largM in Iize u one d.igt: furthor into the Olltc:tOp. Minor coJUtituent in~tuded &nl the bit; ofyeU,:,w Ilnd Ule calcareoUJ nature of the thale. 
The mxmda.ry .tude bed it yellow in color weat.h~ Ill1d yoUow-brown when fr~h. The yellow .hale bedt have. platey orientation wilh diltinct 

horizontal boddina- Eaoh yellow .hale bod hat .Ught pinch and lWell from one to two inches. 1"he yellow .haIe iI wtU indQl'l.~ whije the gra.y if ool, thut ma.kine; the 
yeDow Male bed a clilTfonnor. 

TItelower conlacl iI gradational with the Claron focmation. 
Total thicknell of BM I ia apprOJdmateJy 20 feel 

a . I OJ\rG'~O~ ~/),,~ . ..",1t.t~ 
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