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One 

A PETROGRArHIC S'l'UDY OF THE LOY'}~ HYGIF.NE 
S ~nswo1rre MlillBERS OF THR UPPRR CR.ET ACEOUS 

PI"'Rl-l ·~ SH,u, ~s 0~ OR'l'HEAS'l'ER COLORADO . 

In ;roduction 

It i the p ~nose of .hia paper to ~1ve the 

r esult. of net,.o,.,.,.. nhic ~t.udien of the Rygi~ne 8and­

tone mei be-r of t,h ;> t"re h 1 by p:r,lying well 

.kno ;;n ste.;:1dard me ,ho dim nt t\ investigation to 

thi untried type of ~ ~1ne e nd in n effoTt to ocar-

ta.in hether or not thee r ethod can be 

cor el tion pur oe e. 

tiefa.ctorily 

n adcH t,ion, it 

wa. h op d that uch i.n i 1ve tig ~tion ro.ight o sibly re­

veal mo e info mation concerning condition of Pie~~ 

sedimen .ation in the reQion of -oulder , Color do. 

1~h p-roble 1 ae riginally ndert. !.ken o. an nid to 

the zoning pToblem in drj]ling h~ Pierre h le. It 

ha long been known to the oil co nies that the 1ell 

cutting of the ierr resent n lmo t homogeneou 

mass of beown to sl te oolo't"ed cha.le and ome I!! nds 

which can not be d1fte~en iated by then- d eye , and 

consequently the geologi t i nPve-r 9ure in ju 1ha.t 

part of th form ation the dill io cut ing. f ct 

which re ents 1ei-ious difficulties in determining the 

structural tr nd of the field. 

eginning t th to of the lower third of the 
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Pierr formation . which under normal con itions is 

roughly ~500 feet from the top of the underlying 

.iobraT For~ tion , nd continuing for some 1500 feet 

tr,tigra1hically there are some proro.inent sandatonea 

pre ent. Some of theee S"'ndstonea a r e quite per.sistent 

later·Jly. The lo est andetone ae originally nruned 
I 

nd oe cribed by lennemo.n in 1905 at 1ta ty e locality 

near the town of Hygiene , Color do. a a the :ygiene Sand-

ston~ of the 2i ~,..e. t the time Fenneman considered 

thi to be the only prominent, and .. tone within the 

Pi -r't"e Fo-rm t.ion. Since then, however, it ha been 

found hat there al"e other sandstones present and aepar­

ated from the ori gin 1 Hygiene by considerable thiol<-

ne oe of eh· le; nd these , 3,t the :present time , 1oake 

up ,ht ie known a the Hygiene Oroup. 

The ember of the Hygiene Group re best devel­

oped in he vicinity of Douglas Lake near ~ort ollins , 

Colorado, where there are five di tinct s·nds reoogtliz­

able , all of which h· e been mea ured by H.,. Aurand.~ 

They are named in ord ~ f~om bot om to top Hygiene , 

Terry, Rocky Ridge, a.verly, and Richaflds . The oredi t 

for the correct interpre ation o h nd ccording 
J 

to ther is due 1: o ochwe m n , Kranpe-rt, nd Henly 

of the Roxana Petroleum or o-r tion. All the Hygiene 

Group but the Hygiene and he Rocky Ridge members 
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disappear a short distance south of Fort Colline. 

The Rocky Ridge continues aa a well defined ~and to 

Little Thompson Ct-eek a.nd ie lost, but it. may be Jepre .. 

sented by a sandy zone in the Pierre as far south as 

Boulder. 11\e Hygiene sand.atone ie believed to be oon .. 

tinuoua from l1'ort Collills to the mouth c;f Coal Creek 

Canyon. Thia paper ia limi t.ed to the study of the two 

lowe~ sands, the Hygiene and Rocky Ridge. 

The investigation waa carried out, in the Sediment­

acy Laboratory of the Univer~ity of Colorado. 'l'he writer 

wishes to expreee grateful appreciation to Professor 

w.o. Thompson for suggesting a.nd directing the Teseat"ch, 

to Dr. R.D. George whose intereGt and cooperation made 

it poaeible to carr~ on the work, to k~ . E.W. Kimball 

for ma.ny helpful suggestions and criticisms, and to 

the other members of the fa.cul ty of the Uni verai ty of 

Colo racio Who have aided in the work. 

LOC§\:tio,n 

Collecting a.llcl swt1olini Wet'e ca.r:ried on a.long the 

narrow strip of Pierre outcrop 1:mmedis.tely adjacent to 

the Foothills of the l!"Tont Ra.nge extending from the 

mouth of Conl Creek Canyon west o~ Denver , Colol"ado, 

no-rthward a distance of more than forty miles to J1'oasil 

Creek, juat south of the town of fort Collins, Colorado. 

The index map in Figure 1 ahowa the approximate location 
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of the sections whioh were mea.cured. Each eeoti on ia 

nruned according to the location .. The locations were 

chosen primarily because these places afford the beat 

and most complete exposures of the Pierre Formation, 

rhile the distances. intervening bet.ween the sections 

were not great enough to lose the continuity of the beds. 

ln caae these aectiona .m.ight b used for future 

refi.,;rencc or observation , the exact. location and name 

of each section which v,a.a viai ted and ;uea.i,ured is given 

aa :follovs; {l) Coal Creek seat.ion, Seo. 19.20,21, 'l'lH­

R'lOV:; (2) J.do'.t"ado Springe section. Sec. 33, 'l'lS-R70W; 

(3) Degga l.'..eaa section, Seo. 31 1 T21r-R'70W , and Sec.l, 

TlN-RfllW ,, and Sec. 6~8,9 , 10,13 , 14, TlN-R70Vl; {4) Little 

Thompson section, Seo. 56, 'l'3N-R70W and Seo. 31,32 , 3:3 , . 

34 , 30, T4N-R69W; {5J n1g ?homuson section , Seo. 14,23, 

T5N-R69W; (6) Fossil Creek sect.ion, Sec. 10,11,12, '1'6N ... 

R69W. J.11 of the sections with the exception of oa.1 

Creek section ere foand to be fairly well exposed ulong 

+~he creek bottoms of their reapectiv-e locali t.ies. 'l'h~ 

Coal vreek section was measured along a series of cuts 

on. the Denver and Ual t Lr.i.ke RaU:road at the mouth of 

Coal Creek Canyon~ 

'i'he general atratigt"aphio succession of the sedi ­

ment in the area worked is , in unward order• Jfountain, 

Lyons, Lykins, i~orrison, Dakota , Benton , liiobrara, Pierre, 

Fox Hills, and Lara.mi e. 
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Stratigraphic Section of the Boulder Region 

Thickneae in feet 

C-retaceous 

Character 

Laramie 600(7) 

Fox Rills 250- 300 

~ierre . 6000-7000 

Niobra~a 380 

Benton 470 

Dakota 320 
(Unconformity) 

~orris on 400 
(Unconf O?'tni ty) 

Sundance 

Lykins 800 

Sandstones. carbonaceous, 
shale and coal 

Uae of Fox Hills is now to be 
limited to the predominantly 
sandy beds at top , suoh as 
killiken sandstone 

Brown to gray fi sle shales, 
fossils; lowest five ands 
are Hygiene Group 

Lilli¥ shales with massive gray 
le, a.t, base 

Dlaok fossiliferous shales in 
bands of ~ebtonite , some dark 
limeetone, cono-retionary string­
e't"s 

G$ive sandstone , medial shal es. 
conglomeritio at base 

Non-ma~ine variegated yellow­
green and. purpl e shales; some 
limestone a.nd sandstone 

There ia as yet no evidence of 
marine S1.1nda.nce 1n the foothills 
belt of Colorado 

Br1ok red sandstones and shales; 
some limestone and gypsum , 
usually nea~ the top 



:Permian 

Lyons 300 
{Unconformity) 

ennsylltaniaf! 

Fountain 840 
(Unconformity) 

Six 

Hard, fine-grained, massive and 
orosa-bedded sandstone 

Variegated arkose sandstone and 
conglomerate 

Graphical columnar sect.ions of the Pier-re are shown 

in Plate 1 aooom~anying this paper; one may refer to it 

for details of the Pier~e Formation. 

METHODS OF STUl)Y 

Field :Uethods 

The field work for this problem eonaiated of two 

part.a , namely , tl'H:1.t of measuring sections and that of 

sampling in detail the sections as they were measured. 

lt ia imperative in this type of problem th t the exaot 

stratigraphic position of the beds be determined, in 

ordet" th•-1.t t.he pett'o graphio reeul ts may be oorrela.t.ed. 

i'enneman' s paper on the Boulclei- a.rea does not recognize 

the Hygiene sandstone any farther south than Bea~ Creek 

Canyon, a few miles south of Boulder , but it is now 

"believed to extend for some diets.nee beyond thie point. 

The sections 1e1"e measu-red with the plane table 1tdad.e 

ant\ et.a.di a. -rod by using a. ca;reful back-sight tt"averse. 

It was found that in Ol"de-r to reduce the er-ror which 

3ocomuani es thia .kind of tTaversing several check:· angles 
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for elevat n must be made both fonrard and baokw rd at 

e oh in t-ru111en tation. Matters are greatly facili­

tated with this ~rocedu~e by flagging each instrument 

atation as it is abandoned. 

In ro aauring the detail of a aand the l'Od 1e held 

either t the top ol' bottom of the zone and the diatanoe 

oro the ou~crop is e ily obtained with a tape or by 

placing the ?'od lengthwiae on the ground , depending 

u on the nature of the outcrop. If the outcron ha ens 

to be ne -rly level, the -rod is uffioient for the pul'pose, 

but inc se of sloning outc-rop, it 1 better to use the 

tape and runton compass. The upner nd lo e limit 

of he zone were rbit-raril ohosen at the points where 

the h ly and gr dee into andy shale, since this partio­

ul r type of chQnge in lithology is characteristic of 

ne 't"ly 11 aandetone in the Hygiene Gt"ouu. 

In sampling consolidated ~edimente of this sort, 

it i gener lly t"ecognized th tone 1ece of oufficient 

ize, th tis 2500 to 3000 gr , well-chosen to reu~e­

sent the zone, is better than a comuosite aamnle ob­

tained by chip ing the ~ock here nd the't"e tht"oughout 

the zone to be am led. Any grea~er degree of accuTacy 

that may be obt in d by hi method doe not at'r nt 

he enot"ruoue amount of time nece aary to work and cut 

the 1aterial for l · boratory uae. 
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l'he samples may be chosen from the outcrop measur­

ing standard ten-foot intervals, or perhaps less, ahould 

the field i:1dioa.te that there ia rapid vertical variation; 

Ir else they can be ta.ken at irregul r intervals wherever 

a change in the character of the sund occurs. The method 

of sampling at the intervals of lithologio change wae 

used iilost in collecting at:UJlplea fo?' this problem, because 

the finenesa of the gr in combined with the uarine ohal"­

aoter of the sediment doeA not indicate that there are -
l"apid changes in the composition of the sandatone. Thus 

sampling a.t points where the character of the sand under­

goes an apparent, change ie sufficient to catch any vert­

ical variation which may exist. 

Each sample as it ia collected is placed in a 

heavy numbet" 4 paper sack. The samples are numbered with 

the cor-reeponding rod shots so their locati0n in the 

section can be easily identi:f ied ·by referring to the 

plane table sheet as well as the field notes. If more 

than one oample ia collected they are numbered l , 2, 3, 

and so on , and the cort"eeponding position reool"ded in 

the notebook. :t?ot' exam--ple • rod shot 2 ... b i located at 

the to9 of ~ sandstone; the sample at that point is 

2-b,l, ·nd the rest of the sample from top to bottom 

of the sand are. 2-b,2; 2-b,3; 2•b,4, and so on a.ocot'd.ing 

to the number of sample. 

The eamnles f-rom ea.ch sect.ion are labeled in thia 
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manner , d the method tend to void confu ion hich 

may rise with the u.se of com lex serial num·bers , h n 

exa ,1i ni.-1g e. eat number of sam le in the laborat0-ry. 

It h a the added a.dv nt· e that the wo-rker o n tell t 

a glance in wh t ec ion and in hat art of the ction 

the a le is located. When the le are rou~~t in 

fron:1 t e fi'?ld t.h y can b filed a ay ea ily in boxe 

bea-r1ne the n e of the ecti n ft"o :rhich they u.r.ne. 

Som rn-r er ugB:e t immedi .te dinintegr' tion hen he 

am le ia brought in f~om the fi ld , ince the mat ri 1 

b~e down nor e sily. It wa found, howev r, thct 

hi very lit le differ noe ith t.hia ty e of 

materi 1, nd th. ample c.n be h ndl d with more speed , 
nd ith ~e te~ efficiency en they re ex ind afte~ 

11 the field Wot' h, s been finished. 

ethoda_ 

,ach a ule raa ez dned for texture , .h pe of 

the in , .and fol" wineral oom.o ition. '.l'he procedure, 
'i 

follo ing Wentwo-rth, w s 1 uch .he same .a th t l"e ort d 

in many Tecent aDe-ra and ill be only briefly 1 entioned. 

Rou hly fifty gr 11 of the s le a u ed for the anal-

y is. _be aarnpl i 1rst laced in b.a.k r for a 

oe-riod of so ing followed by a e~iod of boiling. TI1e 

boilin ie l.l1ore effective in clieintegr ting the aanmle 

if the eam le is laoed in deen i 't"on u or r and gently 

cru ihed ( not ground) to fragment about t.he ize of a. ea. 
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Aft.er an hour of boilin the rernaining aggregate can 

be reduced to individual ~ain by rub in ith a ru.b er 

cork. Th,~ 'bottom an fro a ne t of screens is • n 

ideal con t ~iner for the rubbing process in that it pre­

vent J.oes of m teri land nrovides easy han ling of 

the. omnle hen transferring the material from oeaker 

to rubbing pan an _ ba.ck again. 

If t,h sample l~ con~olida ted i t,h u limy aero .nting 

m te ial, the nrua l. rouat. be boiled tn 201a solution 

of HCJ.. Re-re g in the acid treatt1ent 18 r;1uoh mo-re 

effecti~e when the sample ia reduced to small fragments. 

In crushing limy aam le in t.he mort r theT."e ia a. g"t"eater 

hazal'd of breakiug the individu 1 grain, but if due 

car i exercised nd the amnle Ot"U hed under I teT, 

the"te iA ve-ry 11 ttle danger of damaging the gT'a.ir10. 

Dcying aw le after they have ·been broken down 

may be a.ccom li hed in +. o :y • t~i the!' by cookin th 

a· ple on the hot pl te. or oy fil teri11g off the v ater 

and dryin the eam>le on the filter paper. 

th·t ure ried directly without filtering must be 

closely guarded to avoid accident .l looa of 1 ate~ial. 

'l'he 1 ethod of direct drying, however, has the advantage 

in t.h a t. it, is po sible to h ndle ten or mo?'e sample 

at tiz e. The use of thi nrocedure in hanrlling samples 

of large il +, cont.ent tends to inct"e ee the diffioul ty 



Jiaeven 

in making a t ext.ural analysis , ·becu.uae the silt clogs 

the raeah of the f .iner screens , making it nearly imposs­

ible t,o a e parr:1.-t; e the g-rade sizes, u.nd in addi t,ion its 

proeence urolongs the filtering indefinitely. Also 
s 

'.l"iokell auggee te the uae of other methods than scr een-

ing when ha.ndliug ailt,. A modification of the filtet"ing 

method was found to be the bast treatuient for sa.raples 

of the type dealt i th in this pa.par. 1.l.'his was carried 

on as follows : fir t , tht:i sum.ple ~s weighed aoou1:ately , 

.R.nd during the nl"ocess of <U.siu +.egration great oat"e was 

.exercised not to loae any of the m ... 'lte-ria.1. Then, after 

the s olo was brolren down into its component. g!'hi n.a, the 

ail t as decanted off , oare being twren t,o allow none of 

the larger particles to be lost. during the decantation; 

then the sample waa filtered , dried , and weighed . The 

loaA of weight. VJas t.hen ola.ased a.e silt and the ac+.ual 

ail t was not pi:-eeent to in+.erfere 7ith the textu-ral 

analysis. 

'l'eotR were mad(~ T1i t.h samples b e foi-e t.his method. 

wa u.d.opi.ed, and it wa.a :found t.ho.t the decantati on 

method did not vary f r om the straight :filt.ering method 

by mo-re than one or two grai.as in a oi/4ty .. graro srunple , 

Vlhile only one-third the ti.me v,as necessary. Such a 

method will not be of iuoh value if the aa.IAple is limy , 

for a lime factor would have to be figu't'ed fol' each 
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sample; ":Uld thi would take r.aore time than is aaved. 

he texture wa obtained by screening the £;atil 1le • ""he 

ac"t"eens e.r~ployed were 1l'yler Screens noated in the follow­

iug ot'der fl'OI!l top ,o bottom; 32 mesh, 60 e h , 115 mesh , 

2 O esh. ':hese screen2 coTre onded to \ient orth' 

classification of silt • very fiue sund , fine Band , ai1d 

coa.rse s d. '.l1he araou11t of my i ven t'&.de- si ze was 

calcul ted as ercentage eight of the total ru ple. 

~'h least fifteen 1 inute 1e t"e requ:1 red t.o ecreen each 

aai nle. The teJt":.ure of the oand .r ... o s fine tha.t it 

req~ired eo e time to 

€,T dea. 

po.t' te the fine and very fiue 

Bromofor (S~. Gr. , 2.8 wan used to s parate the 

I;1iner·ls into light and heavy groups. One-eight.h o 

one-fo rth mo. grade size v is u ec1 for the separations, 

since thio w t e large t size nresent in quantities 

le.r"'e enoug t.o make eep· re.ti on. Th at ion was 

made vii th a b. tt e ry of funnel Tt'an .:.ed in gro ps of 

two, one abo·ve the othe-r. 'i'wenty minutes was allowed 

fo-r each oepa't'atj on , mo. during this tL.1e bt"ouof'orm 

flo•tts were ati?"Ted frequently.. .Afte ~ the separation , 

the light ad 1e vy groups were filtet"ed, dried , placed 

in small gl se vials ·nd filed a1ay with the r maindG.i. 

of the an1 l, for futul'.'e ex ni Hltion. 'l'he minera.lfi of 

the ligbt und heavy ;rou e were stu.died with the binocul r 
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and petrographic microscopes. The shapes of the grains 

were obtained by counting from 150 to 200 grains of 

each aainple and cla.ssi fying them. as angular , subangular, 

ubround. and round, uaing the significance given these 
(. 

tet-ma by W .A.P. Graham in his -recent 1,aper on the Cam-

br.i.an sandstones of Minnesota. l'he g-ra.in counts were 

mane by scattering the light pol'tion of each saro.-ple 

over a glass plate ruled in cantimete~ aqaares. ln 

thia v-ray it ia possible to keep track of the portions 

of the pl&.te which have been ex.a111ined. 

The study of the mineral ~raine of the light 

port. tons of the samples soon -revealed that the light 

minerals were very aiI!lile:r in all ew.u.plea • ao no quanti-­

ta.tive study was made of them. Q,uantita~ive eatima.tes 

were xnad.e of the -relative amounts of the heavy :idne't'al 

portions , making g-re.in oounts. The esti1nates of tha 

minerals a Te expre1:rnecl as rare ( 0-16 per cent), OOl!l..l'l'lon • 

( 10-20 ·per cent), abunda.nt (20-60 per oent), and very 

abundant (more than 50 per cent of the concentrate). All 

of the conoent:rates lHn·e vecy i:. all . none vrnighing mo't'e 

than 0.3 -,,ei- cent of the pol"tion from which t~h.ey ?1e-re 

separated. 

THE PETROGRAPHIC STUDY 

The results of the Petrographic study &.Te shown 

gra-ohioally on plate 2. The texture. size. and. quanti• 

tative heavy mineral reaul ts 1u the forui of h1stogau1a 

are purposely grouped together so a.a to bring out the 
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relationships of all the pet~ographic oha-racteTs with 

the vertical and late't"al ext.ent of t,he sandstone. 1rhe 

foTm of the histogams wau originally designed to show 

the heavy mineral conmosition in relation to size and 

sha~e , but was found impossible to show coTTect g~aph­

ical results of the heavy mineTal etudy 1n this form,. 

Con equently a aenarate chart waa made to show the 

heavy mineral composi t:i.or1; th.is oh.a.rt ts cart'ied on 

Plate III. 

The hietoga~~ show the uamnles sTranged in groups 

of first and aecond sands according to their position 

from the bottom of the section. The fiTst or lower 

sand is the Hygiene me1nbe-r , the second 1s the Rocky 

Ridge. In the northet"n ~aTt of the &t'ea theAe membeTs 

are well o.evelo,:,ed. For the ;:.>urpoees of lateral co't're­

la.tion to the sout,h <t:.he names tlfi -rst sand 0 and 11 T-HJcond 

sand II at"e subati tuted fot" the fonnational names whe't"e 

the~e two lowe-r sanda have not been identified nositively. 

The a.Tt'angernent of the plat.a showing the heavy mine-re.1 

comuosi tion is made in the same manne-e, so th;-1.t the two 

may be comuared eaaily. 

I,exture, 

'l'he reaul ts of the study of the texture of the 

sands are shown in the fi't"at column on :.t>late II udder 
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the heading Size. Each graph repre~ents a samnle of 

~ no; and the graphs ar arranged from top to bottom 

in p-roper att"atigTaphical sequence. The difference 

in outline of the different graphs how general tex­

tural differences, and he expreRsion of tha e diff-

e-rences 19 found in the nercentage amoun 

Reveral grain izes shown. 

of the 

re gAne al iz rel-tion hip of the s-ndstones 

of thi group are si.ilar in th t, in no inatance do 

the gl'ain sizes exceed +.he one-half mm. size. Iu 

most cases the gre · ter number of grains do not exceed 

the one-fourth mm. size except in the J:}i 1'hornpson 

and 1'ossil ~-reek sections 17hei'.'e the to of the Hygiene 

shows a considerable development of one-half mm. grains. 

The vo-rtical diat-ribut1on of the g-rain sizes 

show no g-reat va-riation in the outh rn area where , 

in general . the texture remains vecy similar thi:-ough-

out the sands, as shown in the firs~ and cond sands 

of the Coal Creek section and the fi~st sands of Deggc 

Mesa. In the northei:-n area no Auch nimil 'l"ities exint. 

T,a t.et" l ly +,he t ext.u re does not onn any os i ti ve 

basis for coTrelation bet een g~oup~ exce1t in cel"tain 

arts of adjacent sections. For examnle, the top sand 

of the Hy iene 1Je:m el" in the Big Thom.!:>i;on and . os il 

Creek sections shows m·1.rked simil -rity wit.h a la.t'ger 
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develo lllent of t.he one-half mm. size. The middle 

sands of the Rocky Ridge tnembel" also shows a ma.t'ked 

aimila't"i ty, as sho n in samples 10 Rnd ll of :Big Thomp-

son and 6 and 7 of .ti'os~il CT"eelc • 1:i.'he tou sands of the 

Hygiene mernber bet.ween adjacent, sections somet,iI11ea 

shows mat'ked simila.l'ity a.a is the case between Degf',e 

UeAa and J..i +.tle 'l'homnson f1ect,i one and also between the 

Coal Ct'eek and Eldot'ado Sn?inge sections. It will be 

noticed , however, that the texture ia not the arune in 

each caae. nor does it re1.,ain the ~a.me foi:- any consid­

et"able distance. 

ShrtQt;, £1 Grains. 

The Hhape column ot' the graphs on i"late II shows 

the Teaul ts obtained f-rorn the study of the sha:oea of 

the sand grains. In general, a.11 samples of the lower 

members of the Hygiene grou"O ahow a great ai111ilc~ri ty in 

shaue. In every instance the grains sri.ow 1:rredominant. 

angularity. The p1"oportion of the angular grains to 

the subanguJ al' grains in a general way remains constant. 

The-re is a Arnall amount of l'.'oundnesa in the grains at 

the extt"eme nol:'th and south ends of the area, but. , taken 

as a ,hole, the EH:l.mnles t:J.?'e rn.i.1rl<"ed by general laok of 

rounded grains. From a diagnostic ata.nd"9oint, the shape 

can not, be i:-eg:-..i.rded s iruportant. 'l'he study, however, 

does give information on th~ erosional hiatol'y of the 
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edimente and suggests t,hat they have not been trans­

orted a vecy great distance f~om theiT aource. 

i 'tinet"el Comnoai tion 

Lieht, Mine;tal.l. The li ght mine1'."ala. v,ere found to be ,nuoh 

the same in all Aarnplea exru!lined, and no particular study 

was made of them except for thaiT identification. The 

light mine-rala made up more tl-ian ninety-nine ner cent 

of each sample. the bulk of which is qua:rtz and 1 t.s 

va"t"ietie9. Glauoonite. muscovite, white opaque agg't"e• 

gat,es. and occe..aiona.lly do·:1btful ol"thoclase feldsr,a"I'.' 

mal<e un the re~aind.er .of the light po-rt ions. 1,~ost. of 

the qua'!."tZ ts phaneroeryst.alline but oryptoc't"yat,p.lline 

varie~ies are quite common in all the samples. Glaucon• 

ite is present aljghtly in all samples as a li ght 

gr.een ppaque mi ne-ra.l. '.l'he glauooni te grainA frequently 

exhibit. chara.ctet'a suggesting pseudomorphs after fora.m­

ini fer· shell a. Ra:-c-e oolo-rlesa ·grains eshib.i t.ing 

apr, a rent cleavage We'l"'e thought to be orthooln.ae f eld$pa.l" 

though because of its similarity to quart~ it is apt to 

be confused with that 1ainel'al. 

~ea.v:l toinerals. 'l'he heevy mimn·als found in the samples 

from the various localities are shown in the a ccompanying 

cho!"t . in . Plnte III. An r>tt,empt was made to expt'esa 

quantitative t-esul ta of this study beo:1u~e it, v1as hoped 



th t 

amon 

ny great difference 

the he~~y ·ne-r·ls. 

in the 

''he ch· 

i'i te n 

·mde would be found 

t show th t fei 

mine-r l , biotite, muacovite 1 chlo-ritoid, glauconite , 

leucox n, and magnetite or ilmeni , constitute the 

bulk of th~ heav minet'al • l. he othe't' .riiner l :re ent 

e 1~t in far mall t' u nti ie th n is in teated by 

th ch t."1',. Undet' 1 ucoxene, on of th moat. abunc r--nt. 

inerale li ted , h·s been included the whit o b!'o n­

ish terial, uoh of w iich Ro, 11 ge, of alt T­

a ion from ilm nite. ?'e gne+,ite and ilmeni e could not 

be di f .-renti d und r th mict"o co e exce t. wh n 

1 ucox~n a ~ oct .ed. :Toi:- t,hi s re on they ar 

li ,ted t.oget,her in the oh rt. One mine-ral li ed a 

X could no b identified .ositively; it ooour~ed au 

i rr .. gul t' • oo in' , oh•• 't' c . ~i aed by l ok of 

pleooh-roi , hi T f aoti ndex, and hi bir frtng­

eno , giving interf, enoe oolot's of whi ... e bl the higher 

orders. &o e of th gt'aina g v vary indi tinot off. 

cent T ~ uniaxial inter! ence figut'e , but it wa 

i pos ible to detet':mine the o tica.1 c r ctr of the 

miner 1. 

Te ult. obt·in d from the ~tudy of th hP- vy 

mineral yield 11 tle di gnostic valu fo recognition 

of t~e v riou ~am l ft'om th {ygi~ne and Rocky Rtdge 

an one • fone of the min ral re limited in 



• HEAVY l!U il!mALS 

dection nd I 
sample Ol" 

B M Gl L l.1e: C G z A '1' 0 X H . I 

Joal Ct"eek 
2nd f'and 

106 
10? A VA C R R 

1st sand 
R 2Al4 VA VA A A C R R R 

2A15 VA VA VA VA C R C 
2Al6 VA A R VA V C R R R 
2Al7 A VA VA 
2Al8 C VA VA 

~ldib. ~. 
lJp1>er aand 

l .Kl A A C VA VA A R 
2B2 
2C3 R C VA VA 

Fi't'St sand 
3ol VA C C 
3c3 C H A A C 

DeQ'.ae eea -2nd '3and 
5dl C C C R 
5d2 
5d.3 A VA C A C C 

let sand 
le C A VA C 
lo•ld VA C C C R R 
lo VA A VA C A 
le C A C VA 

Little Thomn. 
2nd aand 

7 A A A C C A R 
6 
5 R C A A R R 
4 

1st sand 
3 ~ C 
2 C C A C A 
1 C ~ VA C A A 

il,& Thomn. 
2nd sand 

13 ,,._, VA ~ C C A 
L2 ,,.,,, V, I.) C A A C R R R \ , 

R R LL '-' VA A C A 
LQ ,~ R A VA VA R R 

~ (; VA VA A 
8 VA A C C A C 

ltJf sand 
7 C ~ C VA VA C A 
6 C • A VA VA A R sJ 

4 A C A A R R 
, 3 .. A I A. A C C R , 

"osslbl Creele' 
2nd sand 

9 C C VA R C 
8 lA R C C R R R R Lin oni ~ .. e , ~A 
6 rvA R C C A 
5 rYA lA A 
4 VA C µ\ C IVA A C VA 

1 t sand 
3 VA n C C R R 
2 A A VA A R R 
l VA 

, 
A C , VA R I.I 

/ 

i~xplanation of minet"al abbl"eviations: 

B--bioti te; l --u1.uscovi te; Gl .--Glauconi te; 
L--Leucoxene; g.--lil·1.gnetite; C--Dhloritoid; G--Gu:rnet; 
i- ... ii rcon; A--Apo.t.1 te; T--Tournaline; ◊--Opaque .ag1_,;re­
ga.t,eu; X--Unknown mineral; H--Hemat.i te; I--llmeni te 

It ia understood. t.hat VA indicates very abundant; 
A, abundant; C, common; R, ~are. 

---
' 
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oocu.,.renoe to any one f'a.ndntone or to any pal"t, of one 

sandstone. not" are there a.ny suita; of minet'als preaent 

in theae membe-rs of the Hygiene group which are constant 

wi t.h the aaine sand in .. -i di ff er.ant loca.li ty .. 

S J'iJ ... ARY .1:.JJ]) COl,CLt,GlO.uS 

The t.exture of the Hygiene and Rocky Hidge sand­

stone does not r eveal any infot'I4a:t.ion v,hich would be 

of any diagnoat.io value in long distance correlation , but 

possibly the texture may be used in oorTelating the beds 

in closely a.d,jaoent a't'eaa. 'l'he grain ehaues are markedly 

similar; all srunplee show a preponclera.nce of angular 

g't"fti ntt and a minimum of t'Otmd@.(l grai ne. 

'J.'he study of the heavy minerals offe't'e no infol'm• 

ation which might s e rve a.n n vasia of id,entifica.tion. 

Unleea pe+.-rpgra.p.hic che:ractet"s other than thoae 

used in thia investigation are incoruorated in the study , 

there ia little to be bained in fut"ther inveatigation 

of the Hygiene group for- µurpoBes of cot''l'."eia.ting the 

wembera late'l'.'ally. 
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