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Fig. 1. INDEX 1iA.P OF NOTITI-r:IEST NEW l'.EXICO, SHO-YING 
LOCATION OF AREA A11D :J:LATIONS TO THE 
SUn30U11) nm GEOLOGIC FEATURES. 
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Jntro uction . 

Location and area . The area in hich these studies 

~ere made is located in tne northeastern Jar t of tne State 

of J.'~ew iV1 exico, in l!J. ti tude 35°30 1 to 35o45 1 N. ;c2nd long­

itude 1 07°55 1 to 108°40 1 W. The area incluc:i.es about 600 

se;uare miles lying in McKinley County northeast of the 

to~n of Gallup . (See Fig . 1 .) 

Structurally, t~e e~treme - est~rn ena of the 

'.:lrea lies along tl1e Nutria mnocline f'rom Gallu_) north-

war d to \· nerc t:1e monocline dies out(Fig . 1). Thj_s monocline 

is a r-E:cla.tJ.vely narrovv zone of -"estv.2.rd ciios of 300- 70° 

wnich 1iroduces narrov\ bano.s of outcrop of the J·urassic 

2,nd Cretaceous fora1a t.~ons and gives rise to shdr 1:' hog-

back ridges on th8 var1-ous sandstones . The di .. s of the beds 

ex;,osed a long the Nutria mo•10cline diminish to t:1e \ est­

"' ,rd under the Ga.lh,w- Zuni Basin(Fi.§1" . 1) in 1 hic:1 outcrop 

the youngcr bea.s 'Ji tne Cr2tac8 ms and lesser amounts 

of une:onsolida ted Tertiary (?) sands --mu vravels . To 
_,_, 
L!lC south 

of the area studisd lies the Zuni uplift(Fig . 1) , an up - be. ed 

1:md u;)- faul ted arca in t11e center of v hich a:;,pear crystal-

line roclrn urr sumably of ire - Cambrian Etge • .Surrounding 

these are bands of outcrop of sedimentary forruation s rang­

ing fro:n C~:·bo~"iferous to Cretaceous in age c=md dipping 

av.ay fr om tr1e u.-lift in all G.irect ons . To the east of the 

area lies the Mt . Taylor volcanic pile , made uµ of 7~rtiary 

basqltic extrusives and more acid intrusives . To the north-



··~rd lies the San Juan Basin (Fig . I) -a broad structural 

basin in ,:hich Cretaceous beds aJpear along the edges 

a"'d Tertiary sediments tovard the center . The area here­

in discussed is a Jart of the northv~rd diJping Cretace­

ous beds of the southern rim of that basin . (See Fig .1) 

Field v ork . The field ,, ork on v·hich this ~·aper 

is based '-" as done in the summer of 1929 by a United Stat­

es Geological Survey 9ar ty , ~orking under J . D. Sears for 

the first lialf of t he summer and in the charge of the 

author for the l as t half of the summer . The main object 

of the vork ~as the mapping of the coal leds of the lo~er 

•ar t of the Mesavc·rde formation for the ,._'ur ::iose of public 

la nd cla9sification . For the purposes of correlat ion and 

c.etermining structure it v·as nece:::sary , however , to map cer 

tain barren members of the section and to note rather 

c refully lithologic and stratigraphic cllanges . Numerous 

detailed sections of various iarts of the vertical sec-

t ion ' ere measured and ~1ave been compiled into the com-

_ □ s ite stratigraphic section given in Fig . 2 . (See Fig .l 

for location of section) . The maoping ~&s done ri th nl ane 

tables .s,nd telescopic aliciades by either the stadia or 

the triangulation method,depending on the local nature of 

the to.pography and forest cover in the various ,arts of 

the area . Individual i1a;,ping wa s done by J . D. See,rs , A. \ . 

'-iuinn , v:. . S . f' ike , Jr .,Hubert 0 . DeBeck , and the author . Of 



tliis, the .§:reater p&rt of' the ma.•ping and nearly a ll oi' 

the stratigra_c1hic , ork , s done by either Doctor Se~1 rs 

3 

or the aut_;:1or , or one or both, orking \' i th other member s 

of the party . 

Previ~us vork . The area has been di scussed in 

v a ry ing ce ta i l by N. H. Darto/,J . H. Ga r 6_ner! H. E . Gr-egor1,and 

C. E . Dutton-!'All these men did recon.nais s ance work and tre­

a ted in no ~ay the po ints discussed in this pape r. 

_/ Dar ton , N. H., The ttRed Bed s 11 and a ssociated forma tions 

in Nev,, Mexi co: U. S . Geol. Survey Bull . 794 , pp.179-183, 

1928 . 

_/ Gardner ,J. H., The coa l field betwe en Gallup and San 

Mateo , New Mexi co: U. S . Geol . Survey Bull. 341, J t . II , Jp . 364-

378 ,1907. 

_/ Gregory , H. E ., Ge ology of the Nava jo co1.1ntry: U.S. 

Geol . Survey Prof . Paper 93 , ,Jp .75-79 ,1917. 

_/ Dut ton,C.E., Mt. Taylor and the Zuni Pl s teau : U.S.Geol. 

Survey Sixth Ann . Re pt., pp .111-183 ,1885. 

Ho~ever , it seems a Jpropriate to mention the rork of 

Cla r k/ Ree side/ Sea rs and Bradley,! a.·10_ Stebinger_/111. other 

- ------------------------------------------------------
_/ Cla rk ,F . R., Economic geology of the Cas tlegate , v. elling­

t on , a::-:d Sunnyside c_u adrang l e s, Carbon County , Utah : U. S 

Geol. Survey Bull . 793 , ~ip .13- 20 ,113-119 , and pls. 4 and 13, 

1928. 
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.:..J Reeside , j .B . Kr ., u~J )er Cr·etaccous anc. Terti ary I'::Jr,na tions 

of the , estern ~i3.rt of t:.c San Juan Easin , Colorado cl.nu. Ne\ 

=exico .: U. S . Geol . Survey Prof . Paper 134 , ··p . 49- 53 , and fi~ . 

c , 1924 . 

_ / Se2rs , J . JJ ., .s.n6. Br2.dley , -. . r:1. . , Relatlcms of t~.E: \tas,.:.tch 

and Green hiver r~r~atjons in north estcrn Colorado and 

soutnern '1ryo1n::.ng : U. S . Geo 1 . Survey .1?rDf' . Par,er 132- f , ::i __ J . 94-

lJO , 18f~4 . 

_/ otebins er, .tiugene , 'l'he t.iontana gr-.::up in n--:>rtll' es tern 

i.i.ontana : U. S . Ge ,:, l . ~urvey Prof . Pa;er 90- g , ~J) . 31- 68 , 1914 . 

ar0as '.'here thcJ founci similar co.nd.:. ti ns . n bed.s of tne 

s;:.,ne .;cnerc.l -ge . Stuay of tneir re. Jrts i.nC:icates t:c-iat 

tne type of stratigr~J~ic variat~ cn described nere is not 

,1cculi£ir to t:ii.:; ·n·ea but sce1:s to hc...ve c.::rnr ..... c terized the 

rcii al cor~~t~ ns i n the · iCespre&d inl~nc Cretaceous 

sea . This short d.:.sserta ti Jn i s merelJ trie construe ti :m , f 

one s .all block ·, hich may later be fitted into a co.:1plE:te 

cio3~ic of t1e sedi~ent&ti~n t~r~ugh□ut the entire C~etace­

ous sc.a uur_;_ng tne 'v\11ole time of its existence , so far ~-s 

L_ose con-itions -re recJr~ed in cYistin[ rocks ~vailable 

for study . 

Attention is called to ~-.uclica t ions of A. \, . Grabau_/ 

and L . . . Step.1.enson_/ in ' hich are s t<-1 ted so:ne of 

_/ Grabau , A. " ., Pri.:1.ci;ilc,s of Strdti .c: r:,.ohy; A,G Seiler s.nd 



_/ Ste Jhenson, L. l. ., Tongue , a ncv. stratigra Jhic term, 

~ith illustrat ions from t he Mississip~i Cretaceous : 

tashington Acad . Sci . Jour . 7 , pp . 243-250 , 1917 . 

5 . 

t he pri~ciples so clearly illustrated in the stratigra­

phy of this area . 

Li mitat ions of the Dork . The outcrops in the 

area studied are in a series of east-·,·est bands . Co·0 se­

quently , the observat ons given here are essentially t ~o 

cii 2,ens ional - vertical and east- 1., est . The obs erved fact 

that lithologic changes vere somewhat more rapid along a 

_ orth- south line wherever observations could be made in-

dicates that , unfortuna tely , the studies herein des cribed 
0 were made on outcrops trending at an angle of about 30 

to the shore- line a t the time of de.iosition . These facts 

should be borne in mind while reading the observations 

and interpretati i;}ns of the various stratigra_)hi c features 

Acknowledgments . The aut.i:1or r ishes to express 

:11s thanks to Doctor SeHrs of the United st~tes Geol ogi-

cal Survey for the generous contribution of mat erial , 

su6gestions , and critic ism in the process of compili ng 

and analyzing field observa tions . He vishes also to ex­

press his appreciation to the other members of the field 

party for collecting data and to those of his as s ociates 

\-ho have add ed hel pful sugg est i::ms and critic ism . 
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Stratigraphy and Sedimentation . 

Und~rlying the Mesaverde formation in the Gallup­

Zuni Basin is about 700 feet of Mancos shale- bluish gray , 

calcareous,fossiliferous marine shale,becoming sandy and 

less fossiliferous to~ard the top. Resting on the Mancos 

shale on the northeast side of the Gallup- Zuni Bas in is 

the basal sandstone of the Mosaverde (S and A fig . 2) , a soft , 

buff sandstone,overlain in turn by continental shales . Since 

the M2ncos shale- Mesaverde sandstone contact is gradational 

and since the basal Mesaverde sandstone is overlain by con­

tinental shales , the sandstone a;iparently is a regressive 

sandstone representing the final filling of the marine b&sin 

at that point . 

As the A s:-1 ndstone is traced north' ard and east­

½ard the overlying continental shale disappears and the 

B Sc.ndstone above it merges v- i th the A sEmdstone . (Point 1 , 

fig . 2). This sugrests that the complete filling of the mar ­

ine b,3sin ,·as not ac complished by the A sandstone and that 

ti1e combined sandstone A Rnd B re_present the regressional 

sand of the Mancos sea for several miles . As the combined 

s-:rndstone A- B is traced farther eastv'ard, it is seen to be 

split by a tongue of mar ine shale . (Point The 

lo, er of the sandstone tongues thus formed can be traced 

abc;ut t, enty- five miles to the eastv;ard (Point 3 , fig . 2) to 

v: here it dies out jnto the "\12ncos shs.le . The UJ:ier sandstone 

tmgue, n:ch is the regrE:,sslonal sandstne of the Ma.ncos 



sea for a 1Jart of tn&.t distance , continues only a fci:. miles 

to tnu sast·, "'rd(.?oint 4: , f'ig . 2) to v·here it also dies out 

into M~ncos shale . 

7 

The succession of obscrvatir:,ns listed 2.bove indi­

cates that de ,~sition from tne continental mass to tne south­

, E:.:>t i. e_s sufficiently more rapid than subsidence to force 

the :nargin of the Mancos sea e;asti. ·a r d . Hov,cver , subsidence 

\ as •1robably continuous , ss continsntsl teds to the v:est-

• c: rd ~-r o.e , at tne same 11ori zon , e2.strrnrd into mar j_ne beds . 

Overlying the B sandstone at the west edge 8f the 

area is a se 4 uence of continental shales . Traced eastrard , 

tney seem to thin and tnen gr ade into .narinc shales . (Point 

5 , fig . 2) . This g r adati0n was not observed , ho~ever . 

The next ~ighEr ~ed at the vest sj_de of the area 

is the middle sana stone cf the Gallup mEnber of the :,Icsa­

vsrde . (Sand C. fig . 2) . Overlying it is a zone of contin­

ental shales- - ca~bonace~us , sandy , non- fossiliferous shale 

locally contain ng beds of coal . Above thls shale is the 

u 1-icr sands tone of the Gallup rne,nbcr. (Sand Q, fig . 2) . 

Both t.~e middl8 and u >9er sand stones -:,f the Gallu} ars at 

thi s ,1oint :ned::.um to coarse- graJ ned , '.\hi te to buff to red , 

i rrerularly bedded to massive s_ndstones , a~parently of con­

t.:.nental origin . As t ,is three- fold se.ndstone- snale-sand­

sto'1e grou_p is traced eastv.ard , the u•)per sandstone is seen 

to cut out the sh:-:.le ana merge v-i th the lo-. er s:-indstone for 

a sh,Jrt distance . (Point 6 , fig . 2) . Fartner to the eastward 

(?oint 7, fig . 2 ) tne C sandstone thickens r2.ther abru_itly 
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and a tongue of marine s~ale ~edges into the lower :art . 

The tongue of sand thus fo"rmecl dies out in a short dist-

~nce into Mancos shale . (Point 8 , fig . 2) . This C sandstone 

grades dm-mward into the marine Tulancos s:O.ale, is fine ­

grained , buff , and rather uniformly bedded; this ~oul d in­

dicate that it is a marine sand . The D sandstone- rhite , 

coarse- grained , cross-bedded , and sun cra.cked(east of po int 

6 , fig . 2) - is i n contact ~ith the C sandstone at 9oint 9 , 

(Fig. 2) and almost c :mtinuously from poi nt 10 (F'i 1:: 2) to 

tne east side of the area . However , between points 9 and 

10 (Fig . 2) the tvio sandstones are separated by continental 

shales bearing local coals , and continental shales and coals 

appear locally between the t ~o from point lO(Fig . 2) to the 

ca.st side of the area . Thus, s2-ndsto_1e C a _ pears to be the 

loca l ~egressional sa~dstone of the ~ancos sea betFeen Joint 

7(Fig . 2) and the east side of the area . The local areas of 

continental shale and coal inciicate that swamps in v1hi ch 

peat a ccumulated v.ere developed on the top of this sand­

stone . Follov\ing the ac cumul s"t ion of the r;eat , accelerated 

sui sldence caused a slight advance of t~e sea , resulting 

in the formation of sandstone D 1ihich from the character­

istics listed above see~s to have been a be~ch sand . One 

interesting feature is that the D sandstone is consistent­

ly a beach sand for a distance of at least 35 miles along 

the present outcro 1_1 . This sug/ests that the present line 

of outcroJ of D sandstone is essentially along uhkt ~as 

t:ue shore l _ine at the tirne of de..:-10s i t:on of the sand.stone . 

Folloring the deposition of sa~dstone D ;·as a 

y=-r iod of slov~ subsidence during v·h_'.__ch peat formati:Jn took 
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pl&ce. At tDat time , the lov-er coal l!leasures ·er e formed in 

a. continuous zone across the area . The highest coal or coal 

zon.e of this group is re1:resented by some E (Fig . ;~) . 

L.fter the accu_•-~ulation of the peat vhich lc➔ ter 

became coal E deposition of continental shales continued in 

the \estern 0art of the area up to tne continental Otero 

sandstone grouJ (Group F,fig . 2) . The Otero grou~ is a series 

of continental sandstones , shales, a::.-1d thin coals . To t.i:1e 

castward ,the amount of sanCstone increases,eht shales become 

more sandy , and the coals thin out , until at Joint ll(Fig . 

2) there is an al.nest unrroken continental sand.stone seque­

nce . In a short distance to the east of Joint 11 , ho½ever , 

marine shale splits the sandstone group , both the upper and 

lov,er resultant s2-:.1.dstones become m.s..rine , a!'.ld the lower one 

tongues out into ~arine shale . (Point 12 , fig . 2) From point 

1° eastward thick marine shale is :resent and grades up½ard 

into a regr essive _narine Sa.ndstone(SandstoneF1 , fig . 2) . 

This regressive F1 sandstone is irn-:-nediately overlain by 

coal measures from ~oint 18 (Fig . 2) eastward . 

The sequ ence of events f ollo· ing the formation of 

the E coal gr oup may be explained in two ways , depending 

on tne meth·.•d. of formation of the ref' ressi ve sands tone h. 

The interval between the E coal horizon 3nd the top of the 

F1 sandstune at point 11 is 220 f' eet , v,hile 30 miles to the 

eas t ward , a t point 14 ,the lnterval is 340 feet . This diver­

genc e may be ex.plained on the assum,)tion that the subsiden-
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ce fo l lo'; ing the deposition of the conLnental h eels above 
the E coal gr ou J was Cifferential and that the eastern 
,ar t of the area -as depressed ~or e tJan t he: es t ern 

par t . ( S~e fiz . 3) . ½hile tnis subsidenc e as J rogressing , 
~arine shales ~ere being formed t o the northeastvard and 

West -

Fig . 3 . Diagram illustrating successive steps in the formation of a regressive sandstone with a varying interval to a coal bed below. 

Co t'\tinert"ta.f ciep o ~i-ts . 

a . Deposition of E coa l and overlwing beds . 

E coal 

b . Differential subsidence, grea ter toward eas t. 

Eo..s-t 

eas-t a.' 

E ~oaf---------========' 
c. Continued subsidence un til level b- b ' i s reached , with the sea becoming stationary at that point and then formin.c. a regress i ve sandstone . ~ J 
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continental beds to the south,,estv,ard , while marine sands 

~ ere being formed in a narro~ zone along the shore . Eoll­

o··,ing that came a ~-ieri )d of stabili t y during '· • ~ch the 

sea stood at§: single l eve l ( level b - b ' in fie; . 3b) for a 

lone; enou,:h peri:Jd of time for the sho2·e sands to build 

autvard and cause the restrictlon of the sea . Such a sand 

½ould be ex0ected to have a level to~ . (See Fl~ . 3 c) . 

1o.n alternative ex)lan2-tion of tne condit-'..ons of 

f0r:iati on of t.c1ese )[irticular beds is given by 1''ig . 4 . 

E'---------------£coa.( _______________ _ __, E 

Fi g . 4. Al t s rna t ive explana t ion of method of f ormat ion of u. 
re gressive sandstone. Sea stantl s a t t he succe ssive 
level 3 C-C 1, B- B1 , G- G1 . 

After C.e)osi tion ;)f trie coal E ..!.. continental sheles and sands 

'.-ere deposited , slo-'-,ing sea'·':ard,u_1 to the line A- C. Follo1:; ­

ing tht ':-.as increased subsidence that brought the sea in 

to ...:oint C. De..,Josi tion occurred - marine sands ac c u.::mlis. ting 

along the zone C- D and marine shales in the zone D- A, while 

continental beds ere being forilled in the zone C- A. tith an 

a~proximate balance.between de,os ition and subsidenc e , the 

JJ1ar .'..ne sand ac cumula t on ·,·ould be in a zone CBFD , '> i th an 

~.ntertonguing of contj nental Leds to the ·, estws.rd and of 
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~arine shale to the east~ard,due to ~inor fluctuations 

..:..-1 the rates of de_,osition .:md subsidence . Ho1 .ever, after 

the level B- B1 ~.as reached , the rate of deposition vas more 

rc:ci)id than the rate of subsidence . This means that as the 

land sank , the sand accu11ulaL.on not only ccH1t:.nuec. u ;;n.-ard 

but ':·2 s 8.ble to encroach on the sea as ,- ell , so that b y the 

ti ··1e the sea had reached the level G- G1 the shore line had 

'.:l1oved up;;.ard and sem 2rd alonr the line B- G '.-ind. regressive 

~ar:~c sand accumulat ion had taken ~lace :n tnE zone BGHF . 
. 

Gontcmpo1·ane,;us \ i th ti1~ t T.m.s tlle ,-1 ccumul2.t ion of mE:rine 

,1mds and silts in the zone GG1 F1 F' . i\.lso conte::nsJoranc:ms 

v.1.th these marine d e p=•si ts .... E,s the accumulation of c .:.mtin ­

ental beds in the zone BB 2G2G. Such a regressive sandstone 

would be exoecte6 tote int ~rtongued ~ith the marine shale . 

Ho ev~r , the to ; of the s&ndstoDe in this case is relatively 

sw. --;oth and snov,s no intsrtonguing , v,hich indicates that the 

r a tes ~f ce,os iti6n 6n6 subsidence ere re~arkably constant 

dur~ng the peri:d of sand d e;,cJs ition . 

. Returning to 1< L ~ . 2 , the regressive sandstone F1 

ov erlies the m&rine shales and is overlain by coal- beati~g 

beds . APparently continuous ', i th these continental t eds and 

to the vest of the~ is a zone of barren continental non- fis ­

sile shales(Group G , fig . 2) vhich ~ere probably formed by 

stream de",c:si tion or .:or to the ceginnirw of the retreat of 

the sea . Hm"ever , as the regressive sandst:::me F1 l' s. s build­

ing the shore llnc out,· ard , the gradients of the ri vcrs -.;:ere 
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n~turallv bein£ decreassd ar~ s~ampy con(itions ¼ere be-
' u - - • 

coming prevalent . Consequently , the coal zone H ~a s aevelop­

ed on top of the barren z0ne G and later on top of the re­

gressive SQndstone EJ. . 

The ps ri~d of regressi :n gave way in ti~e to aa­

vance of the sea onto the c~al measures H, and the trans­

r ressive sandstone I was foriiled . Just belm;_- this sand~-:;tone , 

in the top of the coal measures H, were occasional brack­

ish- water oyster beds of very local extent , and occasional 

beds of coal are found in the base of the sandstone , ,.,,··dch 

is rather an inJistinct boundary 2. t e.1any places . These 

features indicate that tne transgression ,.as relatively 

slo·: , .:i.nd that vith the accelerated subsidence , pea t ac ­

cuGula t.Lon 1,"as continuint t :, ti-:e ,. estv - rd si:nult?.neously 

1·,i th the forn1ati on of the trans gressive ,!13.rine sandstone . 

(Fig . 5a) . Fartlier seaward to the n :::n·t.tieast , ma.rir..e snales 

~ere bein; formed contemp~rane~usly t. ith this s~nd 2nd were 

restin; on t.~ie part of the trar;.sgressive s2.ndstone for:aed 

The transgressive SQndstone I advanced ta the 

)OSition 15 (Fig . 9) . ~hen the sea had reached that 9oint , 

11.ov. ever , the balance again svn.m§t so that deposition 1:'.l rogres-

sed more ra pidly t han subsidence , and tne sea -as again 

1' ore ed east·,,;ard . (FiE. 5b) . Tt1us , ·.,- hile the base of the sane'. -

stone I i s transgressive , the top is regressive . ~n this 

1 egressi ve sands tone sho· the ty_;dc al characteristics of a 



Ea.st 

Fig. 5a. 

············ ··•·•···••no. iOhEiei•-~Ji,-~7~, 

west. 

"t,,, 
t-------(>'l 4, 

Diagram of t he OO-lltemporaneous format i on of 
transgressive sandstone, marine shale, and 
continental beds. 

}'ig. 5b. Diagram of the formation of a transgressive 
sandstone changing upward into a re gressive 
sandstone. Also shows the contemporaniety 
of several types of beds. 

east. 

,J, _::h or litt,,r&l sana . It is , ~ ite,3 parcntly rather 

14 

!JU.>..'._, r _ plc - .d&rkGd , cross - beudcd, and sun- cr8 ckH,, \ i1ile h•ss 

strikin' f2rtner to tnc 8astv .rd , some: cf these c 11arrct­

eristics are J resent across the ent:re area . 

1'hc rc:::ae•:, eci d'.Jinin:mce 'Jf de 1 si tlon over sub ­

sidence t.,j_d not interru_,t the accu:·culc..Lon of _j,:•E,a t on the 

continental ar~a as the coal ncasures J rere for~ed(Fi- . 

-) . lhe:cforc, the coal mcrsurLS over ·hich the trans-

" rr__ ssi ve sand.stone advanced and v hlch ,;. 8re bcin~ accu1m-

.> f Li1c s=1.nd.::-. tone to ":he r:ast (Y:~ . 5&J , con t_:_nrn,,d to 2.ccumu­

l .1t e ,:J.s the sea • cJ.S forced cast1 ~ 1.·c by tnE sedi:ncnts . Al,,:;-, , 



as the regressive sandstone - as formed farti1er and farth­

er east~ard , thc coal measures advanced east¼ard on to~ of 

it . (Fig . 5s) . Thu8 , the coal measures are continu7us to 

15 

the v;est of the area of for1:1ation 'f the transgressive and 

regressive sanCstones . (Fig . 2) . Ho~ever , the coal zone is 

split east'v1·ard by those s&ndstones , the lor er coals being 

overlain by th8 transgressive sandstone , and tLe u_p 1)er 

coals overlying the regressive sandstone . (See rig . 5b) . 

Siillilarly , marine shale deJ~sited sea~ard contem­

~orone~uslJ ~ith ine Jart of the trarsgressive sandstone 

and on top of the older ;arts of the sandstone,advanced 

westi-&rd v;i th -che transJression of the sea . Also , these 

s:1c_._les cont" nued to be f.'.)rJ1ed seav.ard as the regressive 

sDndst ,_0e vas deposited , but retrested ;irogrcssively east­

ward vith the recession of the coast line . That ~eans 

that the marine shale nas the form of a vestvard ooint-

ing V• cdc~e , overlying and intertongued v-i th the regressive 

sandstone , and beinf absent vhere the tr&nsgressive and 

regressive sandstones h&ve coalesced . (Fig . 5b) . 

Above the coal measures J resting on the regress­

ive sandstone is a ~rect thickness of barren continental 

siltstones Jr mudstones , including some irregular sand­

stones and thin coals . Since these beds~ ere not studi8d 

in detail , the conditi':JnS under ~ .. hich they were for,ned 

\ill not be Jiscussed . 
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Syno;)sis . 

The area in 'hich these stuoies \ ere made ',,as on 

or near the sout~·estern shoreline of the C~etace □us sea 

G.nring late :Manc os - early Mesavcrd e ti ··ie . The s..::-ea v.·;:-,s one 

of 9_06ressive but variable subsideti.ce tnat rr.ay have been 

somev~at greater to the eas t than to the est or may h&ve 

been essentially Lhe same over the entire area . rto~ever , 

~s t_e subsidence progressed , tho balance bet~een the rate 

of subsidence and the rate of c e;·ssi tion fluctu:::t tea. so 

that tne shoreline migrated sea~&rd as de0osition bec~me 

dominant and lanclv,2.rd Es subsiclence became o.·Jminant . In 

general , ho.,cver , depositi:m was uore 2croid than subsidence . 

Th~ sc condit:..ons . roduced an intertonrulnc_:· of .::rrarine and 

continental beds , a series of trans_;:'rsssivc anc regressive 

Sc.no.stones , and a general eas tv,ard migr'i tion of the shore­

line of the Cretaceous sea . 
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