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ola.ssif1ed ~~ th$ g~:ral twP~ o£ .so:urc~s o£' 3l'la.lo sut'*faoi~ tor hl.~s. 
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(2) A d$:t~rL.'li&~t1on ~f th~ a...~unt of solubl0 llll;1.t:ei':!Al. 
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~Q!Cid vo~d. a.tU•1'~1:ng n'.ate:rtu • 
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llfSOLl;JBLhl Rll~~!l)Ul!l Ai!I.Ll'~:ts {)}? ROOK :3~1ES F'R(}lt TID!! FRANCO~l;ta 
.A~ID 1t!"{~~l';;AU FOEi'i~e\:t'lONS OF TmJ CAif4'1:lR!AN 

sts~mt oF rn:scmaB:t:l 

~ 1"4J~k swnpl~r~ ~at'Atdied in ~o~wetio:n vt.tth. thta f'~l?~l't 81"~ mainly 

tW~:t~OOUI$ i!l~MSJ dolointtt~. oal$~UJS $1Wdst~~Sii ~nd tt.ilt ll~#;l 

t~n £tom qu~ies. ~n.,.."'ld road cut ~po.s\Wt'lla• A tot~l Q.f 104 s~l~t.il we~ 

t-U~ tlu'Wgh tUl :ir.wolubl~ re~d.due llltle.ly$ts. W!.:t~h th$ exee¢1on of 2 $111Qple8'• 

£~ t.Qoa't1on 1$~ att.ffalo ~tttd.1f; which l'fera taken h-om tho ~u Ola:lN ~ber 

et the ~~sbe.eh f<».'ll~~:ld;,(l)n_ th~ Sl'!!.ln)llle(' Were taken from the r,\"a:.noQlU~ tuld 

!~G»~eau lrtn'm&.tioM. 

~ 4esie:;mt:@n o£ ~b G~ct:L~~ ~J a lof.ll~tion !l.Wn~ (ttnmt1Qn se. P$pU 

no,.) is in k~~pi:ng w1th the ~th()d ott ret~~'Gne$ 11Umb~a t.'Uilld blr the ~oaa 

.ili!ater1al$ ~artie$ o:t the Geologieal SL\;t'~J ot thtl State &t W1~11lin, to 

id~nti.t)' prosp"tive dewlo~~~ o.f $QU:f'¢l~$ f)f ~~~d; :mate:rial, 

A map $f the: ~ea ~stig;r:tt~d. in QQ~<ft:tfl)n w:t.th this N~xotf ~ahowing 

thtl looatiQn cf th• ~~~s ~lllild in J!'tii$~~ ·t;(;l la.."'ld liM$.$ major high• 

waye Nld ptl\:l.neip~ 't»'fJ:ml Will be ;f~ on nat~ I. 

&unpU,r-..gt 

~l~ a~tnploa ~.t1t0d \¥$~~ ~en in a v•rt.1eal ftxpo.su~~ at $a.~l.a Q:!' 16 

l~oa.:t1Qn~ • The~ satupl~& w~~~ tnk~l'l a$ l'~pros.~l'ltflt:l w ot C()~t+aL"i b$dt!t or 

'Ullita Qf rook Yihi~h d:J.£f.(ir~ from tli£Hle btaQ,~ ti\.OOW ~ belo"W. U there W$J•e 

matk$d 1rregultU"iti$$ u f>.rl!/ om wut. a0W1't~.l $t'U>ipl$s were tttk(l)n, to ~ 



lAbo!"i\tOl:"'J :il'l'Of!$$UUl'<:t~t 

TM preU.ndna~'Y WQ:rk coMistl$d in ~er~ ~it. ~o.ok ~la.- ~~e ~:ea 

~1~ l:ro:m l to 102* tbes~~J mrol.xirs WGl"e tb.G~ placed on t'otm th~~t$ Ua 

th~ On$ C)tt pagfl.l 5• Th$&$ form sheets $re th~:n !l!ia.t~:e ittt() a ~~Wogu:~ in whieh. 

~l ~O$G~~r d,at$. obta.imd could ~ r~Qrd~d• '.b'ill?ol tl);)f:ttS w~re th0a Wtd~ 

on 11 nw.•ih~l" o.i~ amall rock SfL\1tples: t~ S~$ it lW4l'O~~r1o f.\leid 'WQul.d brea.'lt 

tl,~ $a.i:tlpl~ d~ 0-mui~¥1 ta $~~at& t~ $$;M ~~ th~ sil~ ft.Ud els.y ~~1~. 

Th0~e t3!":t~l tests sb.owed th~t ei!'mtl~ (tf tl!i~ f!J~lof ~ ~~Saa.a"$ tt> (JS,$'b 

a <>l$~ se,~~.,:tion ();f th.J& in.at1lubl~ r•~!d'llt;a• 

T~ o~a wnif<l~~J r;>i r~stAJ:t;$:~ ul -~pl,$$ Wl!>lrG o~~d ~~-to -~l 

;fra~nt.s or,, in thf.!t oQ~ r:;t tU'"d-llfj;G-(llQ'W?I tUl1lilsw®$,. t~ ~~1a;.r $1~e .. 

(11\thile -ttl(!} ~rual'~~ of th~ mtpl«~ ia ap11 to· l»:~a\..T.t ~own $0ril~ ot the ae.M gre.bw. 

the :n~C~$$i;"by of &.\ cloon &$parat:ton bl tht:l :"G.Sidue l$ SQ vgE>nt thttt thia 

m~thodl wa.$ u$'1.) 

Att(lr erul!lh~4 the ~flta.f{lG ma 1'!1ailh$d out into a ~lot" sa.mpl,e ot 80 

g~ ~d plll),e~d in l!i :nuxil.b$red 250 e.~ b~r- or ~aown weight. A battery sf 

lZ tJampl~• us t'l.m. t~.t a tirae, !<> ~Qh <:tt the SQ l!t11t~--n Ga.~le•• 75 c;o of l to l 

Rcl. w~ u.dd~~ i'be bt~:t·~t)"' o£ "~wu 'rm.a then aot on (f.~ ~'aill.at•r am 

l~tt ft>f" fl..-1\\® 12 to. 1$ how$. Dul·~l~ 1:mt t• thQ ~-~a 'WaS W(l)r~ on tb$· 

~Pl4'lh theU W~N eti1~3:ed ll~~a.BiolWJ.l-1 ~ m€4~~ u.~1<1 e.dd:cd tt n~Qf.tiif~~ $ until 

$ll a()tiqn (te~1l.$fl• Th0 turi b~ttery o£ 'bQaket-a. m~s f'oo'J()v~d fr~m ~ ~d!4t~:r 

~ a.'>lbth.~:ll' Mt~J p:rl!llxm-f'ed. in the ~t\lil~ mra.~r- ~0pl..$.CQd 1 t• 

Th~ tir.<trt b~tt~~~ o;r b~tert.J waa 'bh~:n. cUlow~'lh'l to tJool tU'!.tiJ, th$ OO$k~:r~ 

OQ'Uld ~·ily ~ h~t:mU.ed. All ot 'th* ~id tMt oQuld \?~ ~ur~d i':rQm tht!! 'beabrs 

wi.t.h.ot1t losing ~ r;>t tb.e 1ml<>lt4\,la l*f.U~idltl~ in the 'bQtt0n~ was ~~ t>ft• 

W~n the r&.lli1dut~t V$$ d:tlJJe)d. ~e tim~lil 'hQ r~v~ all IM):i,d ~ $~lid st.J.ta. 

~iw reaidue was :r1;rus.OO. i1a l~$ •to:r to ~GV(!lnt floo4"~l.ation of' t11~ ele.y. Af'til)l"' 



~l t"i:naing th~ b$~er wti\.$ lfl.lft standing until ~l ela;r ~ $ilil had lte'btled 

to th.G oo'b'li()ln. ·on po~illi!S tJtt th~ we:t~;r from tiat; Haiaue, e~:r$ Yma WJad $0 

tMt noM oi' th~ t'C~idll$ w~s p$n'li.ttmt to go wb w!i:th th~ wnte:r., Aft~? thfl 

third tt$.naing,. as 1.1mch tJt ti':.-o Wllllt~r t'f.ll.$ PQU'rei <tff as: f.l)<t'tilld. be safely rEl'f~d. 

ThG b!!~.;'Jl~cy oi' b0ak:ell·~ en:t'lta~g thi9 int.t~<~~111ble rfiletdutl from th1) 

$ample« 1 W$.13 pla13.ed in an el~trl:c o~n wllli~l"' llO.o C of h;$ut. ll'he r$S;ldu.~ wa$ 

ltli"t b;~. the QV&n £~~\\ 10 to 1.2 hours until it ~ ·ii®roughly d:ri~d. !h$ beM~lS 

®~®.1~ th~ r91du~ W~JJ?e l'.tei,h«l tU1d thi) l-lG:ig..~t of th$ !"$$1til.u$ trom ea~h 

a~l>l., e~l~ua.a.ted and ~a~or'~ Qit th~ p:ropur !"~ooJ"ct ilihe0t h tb~ (}~tal~gn~~ 

~;r dx'ying,. trw r•tJidU0 UJ.:n.tally ~ ~~d., t:ruwd. e4k~ of eJ.a;y ~ #ilt. 

q a. o:rlit(ika.d ~N$1N,.~ tcp., A ge~~ ~ .. ~ti4Ja. ot thi$ erne't WM tmd• at 

tM$ t:bn$ t~ d!';l)·~~n0 ·tt1~ P~r~:t~«.\1 ~~it.t+ ~:t" tht; Q.l~ ·~ ~il t.- mw ~rute 

Wl\$ the:ti relUOVOO £rom tM t~~r ~ v•uW. ~1-. tQ f1. tine ~tll" 1~ a ~rc~l~ 

lllG~~. rthe pc~r ~ 4~~ 'OO<.ck int~ ~ll$ b~~ with the r~s3;4tw oi' ~1d1 

a~stJ.lled w~;te:r wa~ 'hl~n ~ed tQ ~ ~idue am still'r$d Wl!Jll· Tlda .,l1lti~n 

W~\$- ~llc(.)wOO. to .eett.l$ tfl:r app~a.tel;r 00 $-oms,#. thtm the \'iai';e.t• eoa·~~ 

th$ $1lt ~~d ela:y 'W'~As ~cd through ~ 200 liMSh ncreen (l/lS mm openinga.) 

Wl~i"l{. et\OW$d no dit£er~e ilu O~m~ \'mdtJ~ 4\ lf!i~caeo~ -~!.y$.n@; 20-l• 1'bt11 

Q~l"!lilr.1<tn ot ~ing di~tU.lGd wat()l" to tlw- l"ll}$idull) and ~~ the n:~r ~u~· 

is!~ t11$ i!lll'~ $M OiJ.ill,:f ftm. .-opeu.t~ tmt:tl *lll ~ silt am ol~.r waa :t~~Wtt. 

~ng 'th." wot WM}Iing o£ th~ ~l.~ ~ tdl:h tb1"oo~ 'hlltl 200 m.sa..~ IIIC%'~n. tt 

WS..I:l nOC~$12Sa.:.cy' to t:llt th0 s~l"$Ell1 ~ ~h i:t ~n r~oo:tl);)dl;r With ~ wash 

~ttle t!i> gte"ttt the ae.r~ll?n f:r@ll'l. cl~(J.;g.i~· .Aft~ tlw last ot . the silt ~ 

<~il!!!:~J Wil$ 'Wt\ehed th.ro~ tl~e a(}t"eJ$n, tl1e sorersn ~s tw:"ned up$1de dMm in a 

000 ee b$9.lto~"" am. ~l o.t th~ t2a.nd l'e'ba.in.ed cOn th~ $er·~e:¥.1 W~Jhad utto th~ le.z>g$ 

~:r. th~ $•~ l.Gt't 1a tb.0 s.uw.ll b~~~l~ \'ms tht.lln '\WJ.tlh~d into th~ lar&~ ,bea~, 

tb.& wa:t~l· wru~ pour~ qft tk:t~ $~.-. Gd th0 3ruad ww..1hed ~ 0:£ th(l! lu.rge beQkal' 



onto t\ :mllllb~r$d $t1 wat<)h glMs o:Jt ~ W$igl\t.- (The clq ~ t!U~ Vif.ill"'l!!l M~ 

G&V$d;,.) 

!be ~~ re;tai~ue wru1 dried in th$ wa.teh tl.at.t!Ui on thil) ll"adilll.to~ tow v.bo\lt 

3 ~AU:t$ ~nt5,l it \~ ~h<\~Uj(§hly d:r:f• A.ftel* dl'Ying.,it 'W&• WGiJr,h~;t th.J11 W¢ight 

o.£ $a.n.d. ela~nh.t$4 .~nd r~QQ:ftl04 .q,n "bhA$ pro.pe~ ~~ord. abe0t$ 1n th~ ea:talo~~'li 

5!h!& $and ~$ th$n ~~iQ~ ~ pla~.·J~d !.11 llJ:i"<W.l num:be~ed $4/~opet:t to ~~t 

miO!"Ql\l~p'.t<t !Lmpeetio~ 

A.t"to.~ ~l tl\$ ~llpl1'aK1 h~d ~&n pm.t threuil}h tho(;. ~ ~$dure~. thl!) 

t"$S1du~ $.~ waa ~&.1i1-tt;11<\ und$r tt bi;fJ;Q~ttl~ llli~~•.eQt;a wh:l.oh m¢f1oo aox. 

All the $i1i0:n'b i'Phat*Mt~r1411tiea r1f tn~ a~~ w~re ~ 1n ·~iw pt~irp~r pl~$ 

<Jn the l. .. ecoli'd $l:wlet:G ~ 

A ~ lens G'.1(iM!dn$t!® of th~ $a,mpl~ hEJ.d: b$Q,n aw.d'*· b(i)!'t<>f'G the f.1:rst 

C~$h~ •n<l th~ 11esultant eha.re~<~:~:ter pl~oed. ~n the rm3oif'd $btli¢Yb$. 

i'ilNl.r thQ p0l'Oe:~t'ltt.\ligfl!s ()I J'Jt>lubl.l)) mat(!rifill.t~ Q'ltl>T ~ aUt, f;}.M $and 

v;"'r~ cal<~.ul~iald i\.nd pla.o~d on 't1W r~ortl l!l\$~t~. { s~e e~pla t'®~~:rd $heet., 

~1!J '15~) 

Fr~mth~ da~ on th6 ~aeord sh~$ and fi0ld d~a from the £1~ld ~~$ 

ot t® !Qat}. m:teda.:ts 1ttv~~1gations" Pl~t~s l to 20 \'l~:re made. 
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X~e~labl~ ~eeidU$4 
Jll PWiZ'ltil I ) • u. w 'bf 

100 ydtt• W e:.wtl ju.et $. ~f tl!~ f!~~:t" of! t.hG> iW 1· 
ot• ~ec. ~~. rr .ae;.,l(,.:WVi'• 

tse{'lk~ ;fl.Q 

·~W~ig.ht of l~~dtitu ~1 .• 92 
.,...m,,.._.lt..,, .,..,:~,,.,...,..,..,u . .;;.t•.,.,-.,...,., ____ ,.,..,...,_..,'\1!"""" 

pl1111 ,, t'l 

.h i't 

% 1l~$!1l!~ 

%.ntlub1$ _ _...til . I t '! IH 'liik 

-s•.d.ption 

~e.mple ~::th•d to t;r~lar lte<h 
A '.U.ghti b~tr 1;:Q y~ll.mr* ti1'i$""gt(l.in.t>d., ~ll eententtsd sandston~ 

eQntlidning '1/Su to l/4tt 'band$ ~r it"on•trl.':$.tned sandt~tone which 1.$ 
reddiah~ro~ in "lrt1.t., 

. .. 1s.om 
16.$3" 1 . . . 

A 110:ry titt:e to· fine s~d (pr~bt~bl;y quart~) • ~inl:J h'bant;ul~ but wi~h 
$0~ allfiUle..t ~ raundfld guns p.r$e$"nt. fb~g m.o~ ~lid>l!ld ~ainl!l 
Cl"'~ tr~etoo. Glwttonitlll< 1~' to ~ ...... ~&.in$ ®rlt grreen, polished ~nd. 
rt:NU!lte4. A tmr tt2$tira~tes of quta:t•'latl et:r$-t~.l$ i1.1ld $ f~'J ir~n·~tlii<ine).Q. 
~ p>Usl$11 pre•~nt, 



SJs-
Tt>~ ll'ORM.il!J?]O:m- ~\i,f~(illJill:t Clli\fl.M~~~Jl:~:l 

Q::' !>... 
1:1 ~ (i:.l.a+)illU Silt, ~3i¥:td-~ ol~ ~d ~val in ,.. 
~ ~ ~1\l.Sli ri:ii0l" (rai.'Wuh. e 

Sl$;.~i!..a~ne • ttl$d:.0l"~t el~r 00ru"ill~ 'Well ... 
~ St~ J?~?~a:r~ 

()~~~t hostJttd ( t}i ... £0'} ( ~ t.· . .... 
'tl ... 
:::.. 

t-o.W(ilcJ" lk>J.omite~ g~ay to J.ight btafl's thick 0 
0 

J!ag-tt~d.~ ~l'?rl 'titin l'>,.i<lldG, O()litel$ and ~ ecyptozoas-
0 

cho;rt J?l~~Si\lfJ:"l;t. Spar~cJ;y £o~,~tif~!~~ .. 
...~ - v 

l\!\i!l..diliiQl:l '!1t'll1"7:t"all.v ~~h~~~nt 

:..1~ndsto~1(;)t4 m.edi~ to ±~::tz.~ ~~aill$a 
JOt>t1~1. fll\lllow tey brQ"!MQ.I) ~o,iv~ to thin b6da"' 

(~Ot..•lOO') 

f:ra'!tlpit)L\l~u 
S~stQU(;t;f sil t;$tc.n~.;c~ts • t:t~d a.@l().reJ. tea" 

Lodi A Ol\ltaar~otta un.1.t., thin beds• fine 
G.V~ t~~irure ._ ..sv:m1~ 1l~w.1~. !<>~lUiud:l:f..f ... 
$l"ou~ .. (l2h•2Gi) 

l)Ql.o:mita. 1'1-..in badi!led, w~ll. c~-s ... < st. !.wJ:rl9t..l.OO t~ll:t~~d$ ~a..~. bufi' s~loteud with 
~ 

pul'ple p:Ui!t. Fcu:Jsi:U.t!broua. {z•-et) " <ll" 
~ 
~ 

t 
"' 

'Xr~mlJe®.l(ie,u ~rt. Lt\Wfi'i!W~ .Calour~U$ $~d&1t01'1~. and ~ilt$tone 

'-> 0~ .. 0~ 
a.l$0 dol~mite. 'l'hin Q'V"J btlda 11d.th 

ll'rt-\.neGma Fr~:~.noo:tliS\ 
~n~~'le l~~il'l'"*~B I le...rg~t~ \\"'tiri'a ~ails 

(2) eik'l\ilw"ld&.1lt :tn gl'E.l~:n ~~1,~,.~1e p!lWt.i~a. 
{?) 

(~t ... l{)f} 

t~ Bli.ll'i~a oi' "C~d.l'l ·to t~.ii3k bed$ oi' 
~:r~en $t,tnd,. gl.~ue~::mitie 1/Ul~Mhrhone q. 

l''ra:t.!.QI$1l.i.a ltl";i:Ua'O~U$ $W.n<1~·ttJoo w:i:th mioor $ht\l~ 
b~d.a. Gr;i:'ty, g~il.t> bU!'i"li wh.:~tw !i.U:lU 
brown.. !•'Q(Itd.li:f!E)f"QtU~ 111 (l~l?O•) 

Iro:n:tQ:n 
:Sa~-'~ltloo,11 lfeworl~ed; •fossil~fer0:u'::;,, 
coarse~ ' iron~te.ined. i,;, ;,;i'i§;~;;;;i -~-· 1 

S~l:ldStl)tW .t :t'i.tl~ ·t;Q 1)'1Q~i:t?.m grahted:~ 
(h\l6$villt~ th:f.~k 'b0ddt':)d. n::ottlod white-brown. 

40• + V:l:0$bru:l-h 
S~h~'ton$ @.1.f.d a.h.ale. 'ruin badd~d,. 

:mSJ.u ~Jl~~ f(.H3fl :i.life:rUtlS & as·~lle~ce~ma ~ ~fAY• 
4.0• ... 

- ... 



~he G-lopll!: Colwlfll ot thtb av• ~n; ~~- 6 gi'N4 ~ ak$l.e~n fl"~~k 

~t 'llhe 1oooral $tx>a'ti":r~pbf oi' the ~:rtm. ~sti~»,.t.~d ill <M'Jml.Gri!ott wit:l:l. thitJ 

~•pon. O.t tll:e fo~tittn$ SJ1d .m~e:rs ttl th.t1t ot>lum:u tohi:$ 1'1llPor~ 1st c~:nc•~ 

C:ill1 w:tth thlll li'ralilt)u:tdA alld ~!N.mp0al~ for~e.i:d.ons, a.~d tit~ Eau i1.lair~ member 

of tl~"' Dl"e$'hiil.eh ft)r<tn~t!~lio:tt.. 

b. the -dcnt_ni -tv ot ll'!Q$'lov:t ~ G1lma.ntOl'l* th~ Bau CWr~ ~.e-x- Qt the 

llllfm'fba.tth fOl'ma.tiO-l1 f()tma tho l4W fl.&t topptad t!il'irt'A~~ U the "ii''lll$7 bott()m$ 

Qf th• But.ftiQ- .atvtll" e.nd llllk OJ·~ek. 'lluJ ~it~ ~suaoe is 40.' thick. 1'ht' 

$ .. ~1lt$r part o-:f th<t Gxpcsttrttll col'lliisto ~.t thinly ~dd~l, tine g:rQ.i.n~d, ~;~ilt:r• 

f>'t"fNI ~andst6:11$~ Whieh &:r'$ ne~'tily totJti!l.\;ferQU;lh ln th~ Elk creelt; vt.ll0f• 

~ot of Gi~nton e.t ~a'~~n 1lilt- 10• d<>~ .t"nlm U.l>t$ top •t' tkw ~ Olwli.rt' 

~r' 14 u s• to 10• \U:d.t ot int~~dd«t., ti~~a.tn~~ thi»lY'"I'laudM~ 

$AndstonAJ end &~$en ~le. :fhis un!,t oan l» \tt~oo tof' l"Q(l;ti aur£a.Qi:og. SE'fe 

l"le.t~ rv tf4J1: t.l~tail.$ coMorning the ~t. 

flw ~rumonia to:mr~t+l.on l'l'll:Ig4;)$ trolu 100• to 170• tldok, tonl111~ the 

l~·~e ~~:rmedute upl.$nds o!' th~ l'e~i.on. !h111 tonnation iQ 4.)0mp¢11Jed ot hea.v 
'i 

bEiddliild anit8 \lf l9-~~•n sand1 th~!Jllf! bedded unitfl oi" ~ttled a:rfG,U.laa~us 

s~atoue, ~ tbi:.nly- 1~.nated t.mi.ts of gr~·~e$n, ea.:rutr shalta. Th4!6 lit~mb$rs 

of this: for.ttmirion o~E! :tn ttd.o~ct~~~J and OMt"-&e.t$~ l~t~r~ll;'!J t!wretore ~he 

ot'llf l~g1o:ll.1 basis !'Qr- a s$p~tion into :mem'b~·St 1$ a pa.leontol.ogi<it.'t.l $:ti.0• 

~e tormati~n i,a abu.ndiru'Ebly fossilifat•oua,. glaueoniti~ t~oogt1.0nt, and eoa~t~ 



~ fl~# e"~ie.l4' J,n the lowv 401 • R~ fnmt 1.0• tf&) 21' above the 

be-sa of' 'bhillt tomatt~:n. e. Mw41 w~ll cwme:tttt~., gla.ueonlt.lc. trw~t ... trt;a~!Jl.­

W(tll oqstn.lli.:r~l* ~ ~d a£ E~i~th01' ®l.Qrdtc; tl).W' li'w~;t~tl't~n~ ~ppca.l"a ov<tr 

th$ at,ea .:l.nY$ilt1~a·ted. 

!nUs ~~r- is ft-lll.u G• t~ .lit thi~. lt lus bGtw~ tl1.0 ~uaiV$ u~~ 

gJt~eM&mi 4>£ th~ ·~~leo £or¥£1$;t~~~ a.nd the ~e. 0.1! th~ $~,. ~~Wm~ dol() ... 

mite li*M~r <'d' tM.t !flt~l~t\'l t'.o~t\t£,on. 'lb.$ m~ber- eo•!i5-ts o& ~ ti·tl.n bedo. 

dod •~rtes o£ bulf "'al~\'"e4u,s $~to.nff.t:~ ~ ~ ~Silt lift¢nat.tJ 111 th tM.n 9$'@11 

tJhale lti.~~- $l"OS~ed f.\1fld l'""«ltl~ b'tJ lt4;J"gt!! ~~ tt"u.iiltt• ~ tUO~ ~~ 

p~.. (Sf)& Plate• IV• rx ~~· xvri) ln.~la-~11 tl'tf)lfe ts a t••4., b~il ~f 

big}lly dt>l0l:~•t1.a04 ~P.".a~~ s:~ cttllft.'lom•~e~,. ~~~t~\m~ ua~d~l b'ttft 4ol~ 

mit~p$bbl,$$. at th0 lim$~ Of thl! \'}Uff$ctS.oM.bl~ ~~~. rua ~t !;$ j. <l~~ 

~b$1" if.l, 1t$:$lf., lt Ml!i ~Gieal olt~¢t-ri.s~1ea ~;f tho St., Ln~$ 

~~r -.:bovf# '" d.itt•n ~-k~~-· !illw h•~• ~to~and ~ongl:t')~~a.te ~t ·tnt 

bUiJ tetlit$ t(:} tr!:l"'ow th~ :m.0m"~ int~ th~ brutG tJ£ tlw 'l'~~tllmtt. IQ~~a.tif)n, 

ret th•~o 1$ al~ a ~~lomm"$i:l~ tJl.'t th~ batt$ o:t th~ st. t.~$t$ whi~h might 

nt6.rk that bol"i~n ttUJ the b~q ot the W ~~~.ll~o~t.t.onf' 

At pre.~~t tlto pot~.d;t;,i.t)-n (!£ thie m~ltlb0l'" i~ $n. qu~~ti~n. A ntW:.W ot the 

ta.'UM ot tM ~•r 1$ v,e~t:tJiU!!ilQ' to tlei.tnit~ly det~·rcminfl to which of the. two 

totta@.t~on$ it b<tl.o~ 

'th$ St. ~oxm~ ~~;r. ot tlw f~~®ll·. tor'l~ti~4 i~ tl"Q.m :tt ~ Gt 

thi®-. lt 1~ a thi:t:~. '\» w.$dlwa. une~~ ~d,d~ti ~t ect oa~_.. t.rt>11 oeyl.'ftnl• 

11~# ~,even:tr t•wred ~·t d~l~t~ u~J.v mQt;tl$d with )ink t~r purpl•• 

8 

• 



!b.ra dolQlldt~ 1s u:aually tii'Utv~l;r il•eQ:!:Uti~. ~ ~t"ten ec>msd:ln th~ 

le.m.t~ t~~J.' · .,~ $Ml" fll;l.<J~ bedding pl~• !l10 l~w~~ btldlJ ~t th., m~ 

are O.i't$n e-c-n-!$1olr~~t1c1 t~tOntai;Unm a~l l"l'JUM~.. tla1~ peb'bles. f/1:£ a~ 

4e.lA'nd-te u dt).l«f!i'hi~ s.u.na~rto~l* in a matrix q.f ~"t dolom;tt$. !~sUs ~lit'~ 

ott~ ,~~nt bwb not a.tnm.dant. ~lt~ t"~ilJJ (l:~~ usnally tt"ilobitcs. ~h· 

:tope«,. lU1d $:t.olite r~•• 

~h$ led:t tl~~~ of 'bM ~r.«.llpaQ.lm\U t~~t;l(m l'~~~ i':t>Qm 12 • to 26' z 
~hittt. ttwal.J.N' it 1$ u thi-'fll¥ IU1d ru~l.arly beMed l!fel"iDe ot oUJ)~oue 

a~Qnea,. ~lo~:reQ'!la silt st~nas,. &\ttd ~d~lt:y dt1t.'mdte~~ "V~1th thin l.$1dnae 

of ~&~ :Ji'>Al" pt"$taEtnt~ ea~1allJ 1n th$ ba$~1 ~t Qi' 'hM:· m~~. f:hf.li ~q:tot' 

qt tlw ~• 'WJitla.lly is W:f• ~ 1 or ~-~~-· ~~pt in the cas&s whure 

pull'~ ~!l~toti.Q ocottr$ t.he p~ie}$1 cl'U'n"a.Qt<:tll' of the bedS' e~s but l!Jl!q;hbly, 

7the siltll!·t~.mee and dq)..onl!tes are espoo1nllY' ~ikt.t in ®nd s.a.~pl~a * !he: t.hj,n 

beda of thi$ ll.l.iSmh~r U$llally i'l"~'U:t~~ into ~ly r~gula~ block~ lmd !!Jb.b• 

ft~ 2" tQ 31t OV~ll' th~:Lr l(ll'l~ dimerl&tlol'li'h. 

~hb ~~l"dan ~b~r ~r the ~r~~al~ ton.1&t!on baa 11ttl~ b$u.:r<ing on thi& 

rapo:t-t an.~ t~t tb'0 bas"'l 1• iw 4• 1~ ueu~ly tl hit&hlst fo~ail.t:rerou.•• dolOlldt~ 

$¥'" dol om tiJSed $t'i.ndstooo whioh o~ ~· ua~d a$ t""•ad s:urf~:tng. 





An wtlitt~ ~~W.p o£ Wisc~Jxud.n ~ 
th~ po$tid.~u1 of th~i ar~~ ·1nv~stig~~ed 
111 eO:nneott~a with t:ni~ report. 

Jl, b~ •P Qt~ tM ar~a if:l\\'$St1ge:hfld• 
sh~"~ll t-oo po:!ii t:to11 ()!' th~ lG<iatioll$. 
b re$pe~t. to Fi.~~ipnl tOWlVJ:• l~ 
U.lie:ll1 ~t! bpol'imaW hi~• 



P~l!l i1 

!;4of1'tiion 51• ~ CWre County 

Pl~t® II ~~ws a 15~ $etl·t1~1'l o.f Fl'Q~t};oia tn.\t.ldl})tt>.tt~ ~$(id. ~~ a !"~wi 

cut. ~he great~3;" IJt~ of too ~pomwo :1$ a t!iinly b~tlded.• m.ot-tl~ f!:Pa."ff, 

~f):$l1 ~ bl.1$£ .- $l~:uconi t;L~ $. (t:.t•gille.eqoua sM!d&to;m). ~1e- baa$ <tt tM SE14tion 

14 1001 QbQVe th<JJ bas$ of the fo~JAtion. 

'ft1th th.~ ~ept~olt ~f $atupJ.o 11 iihil\J bal®ill~G o£ m'b$ria1 iat 

Solubl~ ()"o:nt•nb ""' 3,.3:11' 'b(lt fl.~ 
su.t.-el.ay eont0nt- 4.¥'1% to 11.~~' 
Stu1d cQnt~ • 17 .oe%- to t2•06~~. 

~h~ mi~roa~opio ~har~te~ Qt th& sand ~~aidU$ is in gen~ralt a v~~ 

fine to :!~ills $and ( pt'Obably ~utu•tt>.) •. , • Gra.ins a.r~ t'1~.!lted tf() olet\l"• f.latl• 

oo~tG 2:~~ ln polisood41 roull'lded.11 dt\tk Ml..d light #~e:n g~f.l.ill$. No ~ca plates 

or <;ttm..""ts. cneystals noiled., 

nto roek ~posH in t}1$ "ad out luis been ua~d as sut".faoi:ne; on l~t 

trattiQ r'Oaw;. 'f~ mtttarial !)U prov•n aat:ta.faeto~,. ff:t$' th.:ls purp~ae to~ 

e. period ~t 3 f!attW$ Gn t\. ~lil.lf $Ub ~nd~• ~h~ grclitt bulk ot sa..1'lit in tl\1$ 

~3utG ~~~ it doubtt"'l that ~h$ lttl\"t~l"i.,.l r~d it/()ultl etand ~P w:uter 

hea.17Y o~ ~dium trat:tl.e. O:l" und~r li!l)~t 'bl*~ffie. on a a~ l$Ulig~wie~ 

Under ord1~ o1l*CWt1st.!:lllO$$ this mt~rul eculd be \l$ed for aur.fnoi~ 

shoulders ttl~ conorete h1g;hti!laWS and om1 li~t t~fie roAds vd:bh a oliif 



~~ lll 

~t~.'t~~n a~l, P~Jtln e~ 

t:akiim in 6\. q.uany jusit et·l~t~·~ ~i' tbo Che.rltll$ Bhr<irter bt\a."'ll. ~W9· baslllJ of til~ 

a~t!on is 101 t a~., th$ ~a$• Cft the Fr~nla. forlne.:b1on. 'rlM3 seetion is 

thinly ~dQ.ed..,. liU1d. 1n the ms.i:<:t tm IM"gill®~,. gl.AU.cenilii:U tflA:ttl..tld a&ndstcM• 

¥11th the ~f>ptton of Snmpl~ 9 Wh:l~l~ 1$ 79.6T% $Olu\-,J.~" the \1al~o tJ>f 

W*.t:erial ial 

Solubl.G C~.nxt~~nt "" t'>i~ to 26 .• ).~ 
Clq-'Silt ~ont~ • &.-~ t~ 22j63% 
~ 0011tent .,.. e~.OG]' t• ei!.9$lt~ 

teho nd,el'Qacnp~ e.hfUt~Ql' ~~ tu rosid'tf.!& t;Uind U~ A tine.- a,n$Pl~:t to 

:roundced, tr-o$·bed. to ~lcear sand (probabl1. q~z!:~ec) ®l'lta1ni~ from $/:t to 10 % 

ml61uoollita. Stl.rll.plfl! ~ •b.¢Ws ~at~ t~~•tine ~ los$ $l«uoo.nit..G thru:~. t~~ otoorth 

Sample ~ :1.$ t\oo,ut fJ~;& ~uaonite~, 5~1£ (fjf whiolt u kdl:y alt~r~t.. Sa.tn.ple lO,. 

a.t tb.e top ~f: tll~ a0e:t!.on.. I)~~$ tll19 t:t.rat ap~MtJ.\1) or micl!t tlak~$ • 

~h~ rook .fl'em thi~ quarry htt$ OOI.m- U$$tl to pt~.iseh low pl~•s ·!n th~ ~rman 

Vit\ll01 l(()~d, It app$-rG~tlcr s-b~ up well tn Wl1t places; tUld Wlr,ii~:r li1€ht 

traffic. b:J.llds w0ll. While this ~tl:}ri,u ha$ l'lOt b~n t~lO)l'Oughl:y tested by 

4¢tll~ lots~ • 1 t he.s enQU.gh. bi;,:ld~~ r.mn:t:erW to. l!tatl.d t'\p ~s Wt"i"a1)i:n,g on U~t 



l?tJ.H tv 

Loea.t~on 8f *' Peph Co~ 

'l;f.t0" ttl 8~$' ~ &®pt;l$~~ in a. ~ad Octtt and t;iWJ!.)ll"'/ on th~ r.w~h side or 
e.T.n.•~~~·. ~~ ~~·ure l:ncl~~~ tM ~$&'tioMblE~ m~w. tRw at. l~llh<:1Ce 

~lnber:, \m4ii l-oti ~~~ tt.nd l~t \')f th0 ~~ •t tM Jl'JV®n m~t!Qr• In ~·~l 

it 1a ~fi~ Ui! ot tniul.:;r ~ddi&d tJ~r&to~* :/d.lt.tJw:~ f'4t~ dol~te.. 

~b.f& fou~ f~et ot gil1l!~>:nllt~ Cf;)¥!glo:r.wntlll ~t t}'l$ ~~ta ~t the quilllstunahlt! 

~ wai not st~pl~d• ~wn:gl~$ 13 ~ '-4 t~@1 from th0 uppotr s• o£ th~ 

lr.el'llber sh~w the ft')llQ"~i~ bt\lMl~& of mt~itll.l$ • 

Sol~blo ~~~t$nt w. 
Silt.Cl~y oo~nt • 
tts.M ~ont~n~ # 

l:n. ~J.\1!1. a. ve:ttif fi.~ t~ ti~ -eletU" ~l~ sAnd (pro~~-bly qua~,~&.~. 

con~initl$ .fta.tW-~ntn ¢.1: ~~~~ ~twa.tals. ~a few ~lWP~~nt mi¢a fl~. 

I,!$2.,~b!~Jt!ai?J.& J-~1.!. ..... (!~!s!. ,!5;:.1!) 

'rhfl be!a~e o:f macf!Jlitlt'ilille ill tb.G &lJ,. La~nG-$ :m~~~ 1$ t 

Solul;>l$ $>ntt»lt • 47 iS.?% to 71.411:-'• 
3tl1}-. c~ oomm"" s.cs~ to $.00)~. 
S.qd ¢ontent • 18.~ t~ 48.47%• 

A. tJ.xl$ tQ 'V$r"y l?iM~ M~;~l~* clct)3' tJrull:l (:w~<fblll:P-~ qU.~ah Aoout 10;~ 

no:rma.l qual.~~ ~~iJta.ls.- ~U.~t-'!OOrdto laa~ th-ti!.n 1%• mot1 fl.We$0 l'ill.l'lil• 



'fhe bt'l;ls.nc~ of" ln&"tarialil in th~ Loti .tOOmtl~r !$a 

Ave1·a~\') solubl.EJ ~o~~~ • 4?}& 
.At\te~I&ta eilt,. el.s..y eontent ... 19% 
~~.g~ I!~ ~-0ll~ub ~ ~. 

A linea !.1\te~"'~ ~:tur atU!.d (~'bs.hly qu~~}. No !'~-~~d gw~ins:. 

:S~les 10 ud 20 s]ww a oh.erlJ UOJ.lld• Bttmpllfl 17 ~ 21 ~Qtxtl!;\111 quart~ et:r• 

t:~tals • flt'®.pl~$ 19. 2(}_. lal; $hOW ltd~ fl~~$.tc $~$ ttl is tl.."li.;qfl~ 1n. lltl-rillg 

a11 ~Ceptiollt\lly lit:t'~~ ~1' Of <!~$ flley'tr&t4s pt"e$<')¥Ait.,., 

Little M~d b~ ~tl abi)Ut t..~;$ -two ~t\mp:\.'0$ (2~ and 2:a) tnkon tram t'Ai~$ 

m:«r~b~"• :fit't')y at"~ ~Qm.il~y ~,; ~nta!~ w:.•y U·~e s~1-ubl~ tM:t~rli\l• 

!lw n~ 1~ ttes:un:Uy ant~l~4" w sU'~M"• M~tlt flUe~ £»"~ .~if~m :in 

$.mB.ll f.litlilCtU•nua;; !it~~ oey~taln 1 bQth. WllOJ.(1; t:i'n!i t~~~:tta~ &1"$ eQ.nt.rol)l'l.-

.so.me ~ bt\a ~l'J. t$lt.OVOd; f'rQm thia lo~~tu~ but o:mly t:rom the 

((.'1.\~st:lonabl~ e..ad st., L~nee ~~:vs_. rund used tw )ai:wh.in$ the surf~ce (}t 

-o.f .it. 11i\>'1t• No ~~rd ll)f s®M:J.<t~ wat:J <Jl>i.w.intld• An f.l~9.mi:ne:t~!on of the bidwnoe 

tJI #ttluhl0 lftl:t.t()rial; t~ilt and ~bw iMtd ~e.nd. 1». th.$' Qu{nat:i4);uabl~; st .. Lo.~~n(}~. 

ruld Lodi ~~:t·'S $Xp\l~ed at thta l.~e~tio~ll'f~aa :S.t· appi,tr~nt th~~ thi$ me.terl.$1 

will 'he good f'Ol1 su.rtatU.ng ligl1t: ~ni~l itU!'t~ium. tl"t\etie ro:eda~ ·;;11e $olu'ble taf!!.~wia! 

!\nd o1lt $'!d ~1~1 m~ld'~ ¥tP ~:r~ th.~ SC~;;~ ot tb$ Nek. 



l?late V sl~w$ a &Wction 'b~ of a road~ut lltXl10$~~ on th~ N &id~ of: 

c.!,.H.uA"., 11• qf ~tl.OO ~mt:tl·ae~~ Fr~.a a.andato® .we e;tpo.se4A~ 

'.C!i$ bu~ ot tho ~u·fJion ;ts a..~t 12 * ~bow the ~e o.f th~ Frt'klle~nia t~rr.Jlat:l.<Jn• 

the bal~e ~!' w.ttbi"i~l in th.~ il~$1~ i$1 

~l.ubl• ooht~~ .. $.t11~ ~ t~i7% 
Stlt,; ¢~1!1\lf 4'fl#m~~nt • 1~.~ ~ SZ-.OOi~ 
~Mid ~Q~act • l$•t1~~' t~ &l.ao;' 

W.u~s~&nit} ~rt~1J:ir ():f SM!i Rfi:$.1~lt:t ------------------
A tiM ~at t0 ~t\b~l~ ~Mid, (~'Orul-~ q~tt) ~ntrdni~ a ftilW 

q~a er.ys~ltl and aUi~s tolJ:t\~0 trd;tm O~{)Mi:l.l'J'Ml. m.i(;a pla:betJ• 

!J:hQ ma:\i()rie.l -bak$tl from t~dm: out \~a u.•ed to.r l')~ehing 0.'1' .R. u A't • 't'.o.is 

$Ut"fooin@l, baa $'tot1;ld up w~ll. under li~~ ~uStio t~r touw ~r$. !he tl.mOW.lt 

rJt a~ iS. ru.~ OQt th~ i.'ilat*li'1a1 wtt.ll pi'"€>ba'.bly Ill~~ e.d«<quataly e;s ~rtacing 

tor l:tgh~ t!"attitl. ~rui~ 11kG O.t.Jl-.n:An., 



I. 

PLATE VI 

toGt\tion 41. hpin Gotu:l.ty 

Plati9 Vl snows l!i\. section taken Gf an exposur" in a l'fl)a.d cut on ·tM 

north. side e£ c.T.H.n.;;\t~• l~' of a:rgi.llaoeou$• mottled., ..;.li.'re.:ncon-fa\. s~tone 

With the <m.o:GptiGu ot s~ple 2.6~'> the bala~ of 1$'t~r1~1tt is4 

.$1l)lttble cont~ • 6•14% to 10.~ 
Silt l!Uld elq ~om~ l1.&"l% to ae.G()% 
Sand co.ntent ... 6l.l0~ to 11.5~!'. 

StMi1.ple 26~ e. i'ilaney ~l.Q.ueonitio li~sttl:n$ or d:ol~te iA1i ~~ tll$ sM\EI 

unit e.t1 ae.m:pl~ fi ot Plate Ill and s~'i.plt} 60 o:t Plate XIU. This e~1pl.$ has 

58.52';4} a;oluble eontenta ~.57~ silt tmd ~1(.\,y ~ontent• and 58ill6% ua.nd eontttr~. 

Sa;m.pl~ ze snowe $.; .sand l'II!'IGidue of i'ine tmgUlar to f'QuMtld (Srains I 

( probabl}r q~i\) cot1taining liiru'W rouxtd gra.iu wh10ll appear to be siliceous 

O(()lit~.?lill but whieh s.r<!i p;rob!£1,bly $1au.o~m .. i.te fSl'arl.ns altl.}red to a g~y-·whit~ 1n 

¢Olo~ b:lf· weatJ:l.a:rlslg and ~:id action. Sample 27 s.b.Qws $. !'in~ row:.lded sl!Wd. of 

(lommon. S~plell 28 .. 29 $how !'i:ua tl\? v~ £~:~<le ~~ te rm't1.1dwd~ ~ai,;$-d 

1\a:wi g1~t1iM (probm.bly' quawt11i)• Slightly f'Qunded quaMiz: ()l";ffttnls a~"'e comtOOn, 

ndoa tl~$8 oooaaion$il. Glaueonite i.tt us.ruUly e.hcut lJ~ ,h Sil.i@~OU:J oolitlile 

!l9~e .. AsR!!tE.\ 

!he ouly ma.tt:id.a.l lr ~v~d ff'i.')tn thi$ 1oQatioJJ1 f'o1: us~ am :road sur:taM.ng 

m\.s tw(ati out wb~n th~ road cut l'~ns madt:>. Thia Mto1•ial 1~~ been p:•ad@d d~ 



I. 

the hill s.l<tptYt to th0 eut from the road cuti.- Thi~ »~1:< ot c .. ~ .. ,n .. ttA.r~ haS 

mtcod up well ~er light tre.ftia• the surface bll.M:tng to :tarnish $. hard ~th 

sur~e• Obse~d w:t~:r a so~;ng l"tlin., t.i:t& r~d t.JUl"i"!lio• was ~d tU:\I.i fir.l:4 

( N$t el1.p~~~). Apjp&r$ntly the ll~teruu ~ed itl th(} out nas· e.f;!Q~l. bind«> 

i!t th~ t'orrn of el~ .- aUt ~ld s()-luble :t.\a'be1t'ial t~ make a oott0r t:ype ot ~ ou 

~tirf"watng tbtul tllmt at. ~~g~:t:ion 4Cll !be mm.t!3ri$l !4:1 ~~ntfidEl!"0d etd.t~ble- a,s a 
' 



I. 

:PWE Vll 

Uea'hiou 42•· Pep~ e~ 

Plw,;t& v:n s~wa an ll?T• 1!1-ooti.o-n of 2d.lt.atom dtJlomit~ anc1 $~ndate~ 

•poS$d lleli\f' the tQp Of the Wdi !~m" Q£ the f::rtm.!1~al.0m1 f~ti~iw !\:'h$ 

e•sm-e &$ in e. read out ():tl th~ Ia $ide or c. tf.l. :m. fl A tt. ~h0 ~ntire ~~a\ll'• 

1s tlrl.nly be(ldoo,. 1!Uld brQkan un.-o blo~ Md elJlba bF mathlll'ting. !hf) dol· 

~mit1:Mlli t~~:Utstone and. dlt;r <lO'lOln.ittl ~llQ~~ :b. the roud ~t he-'1)"0 th$ stl!.llle 

gen~~~aJ. peyaie~l Obf.WQ.ot&:'ia't:!eat: b&in$ tine ... ~d~ e"Vonly-t~u'tea., thinly 

b"d®d• s!;milar in ~Q.lor a.'nd Q£ $bOUt th~ ~ bttrd~i!J.~ and toug.~$• !he 

dolond:b1ged s~wne· ia e.pt to w ~te srold;f in a}?p¢;~::mee th-~m th.G siltstones 

cr t~ dolOmit'i?e 

T11e bal&ne$ of rt~n~:rit~ls t:n the :K*QQk e:xposed itl th0 road cut is t 

Soluble eont~att • -41.,1f$ t10 5&.671'· 
S:U.t ~tl ¢lay czotth<mt 21-00'J~ to 41:1•4:~%. 
SN!d oo:m.e• ,... .. 5~ to aG.~~ 

The sand content 113 l'll.UOh lower tb~ th& upp$:r l:bli-ts of the a·~e ~li\tes 

\UUAlly being l~lt.m lO%. 

All <if thtl rM:ldu.&t:~ (l)4tO$p'b: B~l~q $0 $M'lt'.f th$ &Wtla ~eoorli!J. ehfi\.raa:t®l" • 

1?1\lt\ -~ !.ll ve:r:y tine to tin(~ ~tdn®., ol~ar t\ild. ~lar (p1;•obably ~$li~). 

fa9.U.(ltl!~1te com'titll"t~6? 3)'£ ot tb0 ~'HitJl~l6tJ mea £1akf.l$ M"~ oo1w,~n; fN~ntl!U7 

Ol'"'!J3'tals ot ~z ~ p:r~sel'lt but lt't\re,. .ln $Qmp3;.('J '30 ~l~e..;l!l.'l.te 1a abef>ll'll­

tde$. fl~~l\1 ~E~ Qba~:nt,. q\~1-riJa e.ry~tala ~ · abtm.d~tt. 

obttdned, Oth.ar aimilar- ~~.ea ltava b~n used within th~ tlo\l'"~o; in"'tG"tiga.ted 
' 



, .. 

6$ N$;d SW!'~~ 'tdth gocd 4UCCEUUh 1:li$ hi.ghloluble eQ'nten'l; and si.lt am 
elq conte.nt shoW ~t tb~ mater1Et.1 ha& a @lOOd ~Uppl.y ot: bi~r plua tncugtt 

C$m()nt.~ nnll:t'Hil:dal to giw ~c~ t•ck blt'lk tm.d ~~ill \t~$lop ~ • ~~th toa.d 

GUJ>.t@a.. 111.~ -~~tlill !n thi$: l.(Jee.~n ~nld p~$~ ~~i.ahetO~/ Q a ~· 

ot all. ~t~ suri'Mia'l@ t<»J l.igh,t e.tM zitedil$1\ t~:t1e t'OMt• 



'· 

PLATii VIX:t 

Loca.t:lttn 64, ~Alo c~ 

Plt\te Vlll. $boWS ~ 14tt •otio.n ()f bed t:oek -~- m a ~- 21m 

$.'t'Ac~1.~a !Mlud:$it tM que4t.io~ble ~1~1be1t• th0 st. ~~e Mem~r f>:f the 

~r~la~a:.:u fo~~~n ~ ~· e:t W$a'bh$:te)4 a:tett:tal i~ ~ has~ ~t tho todi 

~e¥" ~~ too !~-e•al~ fo~(l:tl• 

'f!\!.,.Q'i~~!~~~l~. ~ ,trt•> 
~,!l!,bj,e.Jft.!~.ae...:~Ai.! -.<!asP!~- _3!)_ 

~$ ba~o of m.$!b$rbtl in this eompQCt Wd.t at en.lo~tiJQus fliltato.ne 1st 

Soluble ~ntent • s&.~ 
B:J.l t ~ cuw o(!)ntent oo. '1% 
Ball.tl <JGnten~ • lO.,t;"t,. 

14_ ·. er_ ~J!JJilonio Cbar~tte~ \)f th0 ~ B'$1tmm 

---~---------------
A tine. e1~~. a~ull\r .$and (:prql:W.bly qu•rta) cottbU.~~ re.re grabw 

fJf gl.llUC~lU:t~ an4 o~o~1omL1 fl!U,~s. of ndea. 

~~.l~~\4~-~ ~jt~l';; J!J1
) 

X!!a.tl.!'b!e_R;!6J!dss .... ~.s.t.! -<A~le.! §.5.:$!) 

the ba.lan.oc o:f me.te;ri.a.l., in tbia unit ~~t 
B•lttb1• cOntll~ • G1.93% • $,,~1 
S:U1i*- Cllq ~ont~ • 11.4~ • 23,57% 
Zf!l.nd conttmb ... ihl$% ... ao.$S% 

This unit ia tJ. ~he:r soft do:\01Jdte but o~eiil tho trlli'i phydQel 

~~etor ot th~ st• ~Gl'Ji.Hl'i• 

Ml_ ~$GO~io ~tm.l""""t. $1* . o~ 'bh$ ~~--· Rel.'l.icl.ue 
---~-~--·-------

4 ~ey- fi:no, wlflll E~ot-ted, ~lea:t•1 ~ar i!$Jl.d, v4tb. ooo~ttio~l qu~ 

~~1ata.l.s• QL~ t-o 2% gl•O')~t~ -Wld t~ro mi~ flak~•• 



, .. 

!lm ~•®:' #~ 'hom tl~ qtltU"17 m~ •tlt!9tl to l:i.wtt~G p~ C!i the. 

~n Vl!i1lt\f1 Rd 9 ~rill a~,. ~ki;f) ~lt"t'~~ tm~ ~'tQdd! t.1p well b1 •~• 

1t:M j}.~l/liS· u.."ltl ·~ ~ R-sh$d hill &lt~Jph 1 wtd~r liffr.td» 'U"tfi~. ~$ hl$h 

bt~~ <f&:ttb~nt pl.tt$ tn~ ~e:t ~lk Fltt$~nt $.'ho."U;td ~fl tbi$ ln.tllt~0X~iu ~~~00• 

abltit a:& all ~th,r -~~~ on either l!pt ()t" m$li'Wll ~~tie r~ad$~~. 



'·. 

l?lat• U · &~-. ~ $.e~n ·t-.~0~ 1!'1 '!'Mt«t lrttmp~d ~nr4\ e'~poGi)lg l>~ti'•; 

(if th~ ~t!"'oo~tl ~~$ ~<~<3/.fu*: oi th~ St. iA'I'tt'etr~(l ~~ c.t thf.>; b~p.d~ 

1~ $Q~ti"~ ... '1A.i fit ¥Jt ti~ ~M. ~®l~b~ .... e:t ~o $atr~ ~~~!~ S~l~• 'W•wo 

~ ~•n tNm \M ~ ~t•: 

!),~-b~-~~ 
X.$l't,i.ble ti~s:tdue A$'1>i!>l'~lm ~- ($t:\~le~ $1 • ~\ 

----------~---~-----~ 
~he b&.l~4l (Tit matt):tia.l~ $;ltl ~1$ ~a.et -~tt '-* f 

SOlubl0 o-out~ '* et.e7% ~ 57*~* 
Silti Cl• ·.:lontel• .., lh&4% tfl j$.11)'~ 
~ ~tJntent .,.. . l.0~4~-' ~ $7•03%-.. 

A &SQ«'Jd bt\1~~ .q;J;• Mt4)l·i~lll With H. high aol-u.bl~ Of)llt~n'tt 

14.e!fiJt~D!~-C.flt\t•.!t.tlt..JtJ: J!ll.t !~...;.!,il!«.ae 
S~1e$ &f•39 tilk~n f~ th$ lcr~ 5* o:t tb~ .ll,$:4' ~l $how 4 etWd 

composed qf tiu, tmtui~ to ruu.Mea, ~wto.d IS~M (p;'\'tbablzy' ~N'ti)l 

t)ont.~ng $~~ '-<> ~ ~a.ut.'~nite.. 0CO$$i~l mice. .f!WIJ iu $t\!l!plt$ 38 altfl 

$$; r5~~ ~· ~tys"tml.$ in tJ~l.~ $9,.. 

~~1~$ 4(),,41, ~ld 4a 1!1~ e~~~l;y t~. ~~" ol.$~1' ~~ (p:ro~bly 

q~) ~ai~11 o~(l~io$1 nl1t>t\ i'l~s ~1.14 t'~ gr~:b.ua of' gl.E.W.o~i;$. 

Stil.tll'Al~ Wllb:~Q 
$tli;t Olq e"Ql'ltet~ 
$~. ~()"~tllll~ 

~-J~G;ti& t~ 71}~ 
10.215'% to ).3. 1$% 
ttt.'VT;J tQ %1 .. 07;1 

A t~E~ St. ~~~~~ ~l.~it~ M~~ ~ ~~til.~ blp ~ Md lilt ~ntont:• 

~J.er<t~eov.-t e Ct-~i~~@r ~ Sand Residua 
·--~-~---------

~ eand is VtJ'I'f fino, trruutl:u~~:ut ti\na ~lfl~• (prQb\t.bly qw~~t!h :tr~ 

nd.ea a:M ~artz ceystels &ommo~. Gl~t,tt!o~t{-.1 ~{. 
... aa-



,·, 

fllfl r~Qk r~~4 tram thi.s q~~~ has: h&llfn t\~:ed w:lth G~•cef.Ut tw.elt 

~ lll~(ftl~~- of Sil~~ ~ .~~'~ $8 ~ 'Ill, ~tl 6\Ul"flt4!ng ~e~iu:t .• 

~· "~m"4r.b ~~li¢:ii't$ Q.S '" le~~h ~;t; ~~~e o£ ~ ~'te:;t-:1~1 W$:t:~ abt'$~1 

j''tl#lt ~ ~,.b (t:lr !)$J'&:ttY.ra.l $~ilidmtien of' tlw ~ilt'H"ial. an e.ll w~'t~h~~ ~rt•~i~ 

W:l~i ~~$' ,_o~ i~ t~!!:: Q!1~f"J lw.~ a ~~d: ~l!o\1.~<J~ {)f i$o1\1ibla lt~t4rr:l.U.. 0lfit1 

~ •ilt., ~ ~nu. 1¢1'1' li~t a.'1d ~~~ ~w$.Uie ~~ ~ •tt',rial ~h!lJule 

~ • gtod all w~a'bh111~ $u)!'tac~ mtltt1l"'ial~ ::t't •• c~i;eunt bind&$' fUld ~k 

\ulk to -w a $1l)!i»d wE~~um $~tth~tt• 



rtl~tf; X •l•ill· 4\ 1.4' J¥~ti!l'Jn of lf~~n:ta '*~~~ ~pt)a"d ia a Had 

GlilW o~ bo~l d;d~s t};i' S'fl~ll)lt.lt VMlq r~.- ~-- M$~ ~t t..~ ~~ctlon 1s $ppirCX• 

:i.mAtGly ll ~J5• ~l».w the l"~f.l~ oi: th~ Jil~lJ~o$ .ffl~tionf 

S~lnh1~ ~~ut~ • 
S:U.t.~; Olay ~~l1'00nt • 
s.~~ <Jt)ttb$;ltl -

.. : 

.i\ fine, ~al" t"Q ro~ed sru'.ld (Fob&.blr ~ts) showing sonw i"r~flting. 

GJ.e.ue~nite front t.~ to $J4 i''\"~®r1ttt17 q;utu"t~ Cl?St~l$ pt~tl$tiJllt in ~tal unit. 

Mtcs.. t~E~a Q.e'(}~ldl.)~1 ~, o~n. 

nook from this out WfM! ueE~d on •hl1~ li(1rht ~ic St$elo Valll~Jy· tOlim 

road :'as pl\:t~.h:tng t~r au~r~oi~. !he &Ull'.f$\c~ h~ tH~Qod up well un4~:r mtt'lh 

't:rM'tic. the imlt<uac¢ of m.a.toritlJ.S !nth~ ~rey $hoW$ 1'.\. t&\.1t pNl'Qrll1on of 

'and.• td.lt1 ~"'ld. ol~ .Md iitelubl.e material,.;for l1~ht t~atf$.() road$ ~his l<Klation 

iihould produe~. :t.'U.tt~rial f:or t'or nU W<'-.atlw!' l't.n"tacing,., 



nate n $hQW$ a. nit $~t!O<n of F11Stl~n$~ l$ald.iate'm ~pos~d in i\ qWQ'ey 

0~1 t~ »t &id~ Q£ ~~nt-<.t :l?:eu~ :ra.gr•tr A. 1~1$ l,l')~m:~i~n i{',t ~~r muoh l~~ 

tl~t (l>n »'tate X Q~~~ ~)4't\ ~ U\'J.~tlitubb :tesi~f.t ~tl~ts &hO\~!l lena $OlublG 

*"ttlr:l.s.l and more &$l¥\• ~1;\) ri11..,~£J"p1-o ~~~t~ ot t~ e~ is much 'tM 

fl1~ rock t~t!QV~ fi'Q~;~ thi$ qn~~l7 wu use~ • a:m .. .h.o:e th.,. Wtt$t fild $f 

c,.~.E4l.tt.A.~ ~ th£.~J N ~ e..£1 e.,:r.r.r-.,V~.J# fi~ y~~I!J ·~· 'l~$: lll.atet:i.al. h$$ 

pro~d. (J~tis:taei»t'7 o-vo:r ·chat JP<il•iod of t~ plif.~k~ vt(llll and ~~$ttn1.ting :a 

~·bh s~t~oe '>~hieh d$(:)i\f no~ get slip:f:~0r;y {;)~ filiQft tl'J. wet '\'Wat~~. Although_ 
the sand content is high, the material 

_j_ e:l!JOli~d :J.n tbi~ l()c~ti~n~ sh:auld pr~w $t\'b:Lrt£B4to-ry " su:r:f"'Oi1'4S ulaill"i&.l Qll 

light tl'~f1_l.'} ro~~i~* 



in ~. ·qtt.1J<t't'</ t\ :n£t ~-o.ad ~t Q'n -ooti:~. $!~\~a t1t ~~14116Sti• l1A~ bt\~ ~it tM t(IJ•tb;n 

itj, sz-. ~bov~ b bn$e ~ th¥;t :W~~~$1.~ f0~tt.~~-

. W;lt)h 1*~ ~~~ti~ etf SQlnplQ 00, tb~ bG.lan~ $1 1$bWial 1-s: $$ 1~ol.l~$ 8 

~lubl~ ~n~nt • ·l.:t,.i ~ 9•t4'11(• 
Silt ~. tt·l~ ~ir>n'j~~'t ... to,.$% t-o 3$.014. 
8NlA oo~til;)nt .- fi?.4./1 ~ ff•S'J5•· 

Th~ $.t>lubl.E11 ~anb~:\t ot the $®\ti)l~a 1a tmt£'o:t,~mly l!Wt• ~~· aUt u!Ai Cll'I\V 

QQii;t®t 1~~wettr,. 'tli1~ a~ tWnt&at high. a~l,Q ao f.iJ t\ l:boo$t<)~0 (#X' dolo­

ntit~ with a ~olublf) $t>¥}.t~ of 10.1~,a. silt ~ ~l~y (IO:trlt~t o£ n .. ~~~~ e.nd 

~ 61ind oont.ont Qf J'l.~~-

Th~ ~and m u•g.t~ 50 is tW;i fl~;p rQun.d~i tt·~~ted qu.nnm ~- ~ 

50~ dllL:t"k @.r$Gn Sl~uoontto gl"~iM• No: .m.\~a flak!l:Hf• Srunples 51•04 Slwv-1 Q. 

"'~r:J tiM to fine, angul.rur ttl) r~W1d{l(d,• hQ$1l$d stWd (prolmbly li-.l\tar1f~). 

~laucol:lite in ocoe.oioZU\l gains* mi<;a flak~$ occa.d,o~ e"e~pt in Sampl.e$ 

$1 9.nd ·54 'Vth~re th~ ~~ a'b~J<m'U• S~l.$ 51 eo.nt~;tl\Ul small r~idal 

~eystrUs alwwil1g cl¢tfl'''l94l$ -a~\ ~M·e probf.!.bly f.'"'ldap!U"• 

fhe rock 1"'0!00~d ft~m th-e euJt ~d I:Jtl~$!7 was us~ t(l). sm"'tl\<r$ s,.t .-ll.,f$8, 

6 to a ye~~~ ~·~ At thQt t~. t)V'e:rlying ~~. of $1'~tlt~e.tl!lt w~r~ U$~ vi tl'! 

the ma.te:d.t\l t.dttl¥'fll 111. t'ha a-e<;tion on flnte Xll• 'foo 1aoe J»f thi.®· pQQ~ 

qu<llU:t.)" gl"lliht~tu.~~ ~ e.n ~Q~Ul"e.te 4t\t(l~t1o.n. ~ ~ sorviQeabA.li-tw 

o£ the t•w.terial ~4l~Jible. With th$ ~·QMand :tn it tl~ $\Wfaoi~ m~it>.l 



Pl'$~ f$t1sf~~to~ ~.ri lwg at'f a w~ eQ&t of gawl 4l' o'l"wnh~d l:ll®a~w 

~V#J~~ l.t.·• J;n. lfl~a yilll~ th{:) W.Q~ ~$.'b hM ~®1 dis:e.pp~erbg• .it pa""fsent 

thQ ~a-d $t~~tAo:e ia b,t<e~~ -up r~,pli.d:ly• t;.lth.s:otgh tiM~ S.t.1lU.bl<l! ~·u)lii.~~ in 

tt:U.t. e~~~ is l~~~ Mld tlt~ w~ 40trv~ ia Msli#, fi:t iJG; ~.ppx~ ti1$;t 

this: •t"~r.iu w~ll b~ ll1ll!:table tn.a;rf~~in~ £f)!t s.T.<~R•1fS$ u· $ W(:;)tila..~ .eoa"t of' 



I. 

~~.m Xll:t 

l!O<taid.o:n 1~t 11utt&l~ ·€10.~ 

S~lu~:L~ ~nt~11t JOO· 

Sil~ UU'ld Clay Cortt~ .­
S~ q~nt~;1t • 

Jq~J.OA~(} ..... Oll~~g.tg...,_o! !~_R.!a1ll!.~-

A fine,. a.•lm", el~~ $!W-'1d (l'ir<7iJI.\\blff quart~) ()c>nt~~ o~ca.$:1Qr~l mi*Ja. 

flu~, l't\H ~u\'t*ld.t~ {Wa:iM ~ a. i"f11'11 Wll()le ruld £ra~ntM7{ qtt~l\ ~eyttl\1s, 

S•lublo cGnt~ • 
S:1.lt1 Clay cm.1.tellt • 
se.wl c:ontent • 

$5.9% w 63.6% 
9.~ toe 45.~ 
3.15, t{; 42.].1~. 

A cletW• '\l"'ei'y ti:x~. iWgala.r •and (proba'bl.w qua;rtg) e¢tntn1nill$ rlWe 

tde:a. 1'lnkeG eJlli .&. £~1 fi'a~.ne.ntary qu~x-t~ c.'l:l"yaW:Ill, S~ple 59 SMW3 a white 

Qh$,-b ~COl\~~ 1% t;;le.llOonite" 

lfeil i~:rvieo .rc~l."d of· mat~rial t~en~V(Id f:rp this ®it t<n"' twa a.~ :rOtl\d 

6Urt~t':d:ng W!:\$ ~btained.; .hQw~:r 11 tl•0 Mgh $Qlubl~ et;~.tbo~t$ oont~t ~ 

tho modera-~Jl)ly ld~ tdJ.t OOld cl~ ~n~ent t~veala this w.ater~4\l to be Qi' a. 

typ~ wb.iob will be.V(\'1 ro<Jk lmlk te1• wear ~a;."'l.d e.t the t.l.I:WW time lu\"'"G enotlgtl 



binding lfiQterlal. ~ P"#l?}nt a $lll~th all ••ath~ l"'ad fo~ li~~t o;r m0dima 

~tie ~~"Atm a.n.u ttbould~ ~~taoing ·$lon~ et;t®l"~t$ lu~•· 



\. 

FU.'flll ~XV 

lioe~tion ve. ~ttl~· ~~tv 

ft..l;\~ XU ·~ ~ $13C)t:\.on ~$ ~~· flf ll'r~~~~ IJN~~n $~ ~d ~-1"'* 

l~1i~$ ~~~t~:fl$ ~WQ~d m a qt\~1."~ m ~ VI $:$4fit. ot fj,.'l•li•'*a'* !II :t'b~ w• 
e;,;f tl~ ~ti~n !$ es·• ~rtbo~ th~ ~.II.* d t)l~· Jr;.t~onta f~l"'J'!JJ.t~. 

Wl~h w e:~ttlf('.l~:lon ot kllW.pl$ lU1 .'Whieh .,,~s tfi.k~n £t"i)rA the ~~ ~.n 

·sand tWit• th$ ball.tl$$ oS l'l'Jt.dle:•ie;l is • 

SQl;ub1• ~~ .., 
Stl~~ Gl.a, con~$ttib • 
s~ oo~t ~ 

~~'nplti 102 t.s an ~~#·~t" ttl! 3 a~l.eu t~• front thf e• gx-ecm -~ uni-t 

at tb$ top ot th~ qu~~ ~a~~· $.(!;~ S't\.lnpl• loa.,. Plm.t~ XIV tor d~tall$. 

a~.n&~all::f 4.\ n~ tt) "~~~'1:'1 t~n$, ~1~ ~· ~d~&, t~t.t$-tad ·~• 

(p~ob@.bly i:'.f.U~) crJn~~ e% td 3.0% ~a.u~m~•~ mica. tl~e• ooourue 

t~ely o~ O;)e~io~l¥• 

fh• l't>ck rfiln~d. tt1:>m. this qu~ baa been u.~~.tecl fnr' ~tM1.ng. parts 
. . Five years ago this surfacing was put 

of e.~.n.nll~ on tbfll n~d ·and ~~h ot the poor qtm:lity upp~ gcen sand was 

ut.od. ~hu $tu~l\t;U$ !uts $toed up fot? f1v" ;y'l!)t\:rfl und~r light tra.££1<', mil 

At pl"tl$$1$ f.~ lO!ft itA the W~t $'$11t$Q$ ~ N'b3 ~fFlOP+ ~~ t..ite Eh~U!1V 

'it iturn!sh~d li\ hard ~th &\U"fi.CQ to1: th~ ti:rta'tl t:t~~ yet\Z'S:• A better 

s~J$ l."'~oord w.ottld Jl"Ol/$:b~ hti.'Je b~en oht~tn.ad ~n th1$ r0t'M1 i£ tb~ upper 

e;r•$~~ untt h11td not w• uuGtll. !rhit q~tU'I:rf • ~.t ~:p.erlt wcr~ slwulf. 

~~h a fair e.:U. w~r,dslle~ s~rf~~e on lt"'ltt tr~e ~oll'.dl. 



i!fiA~E l.V 

~e:tt~ 1a, a-~to 4~ 

Fl;at~ .11' ~hQ& a ~· i!i€1~it1()n f!J£ Em~ Gle.:\~ $l:u.tl$ Q.nd ~~ •po~ 

in ~ .~!!~~~ oll i$-e ~:ttth eU~ flf' a.~"~"»u . ., $'h~ ~P ot th~ O$et!o~ 1~ ts• 

blitl~ t~ tO"p ot ~ Jt~n 0~ n~mb!!l:t tt£ ~1$ ll~abt:l(}h JPo~tiono 

!M ~lMe.., ot :material in tb.~ two S:®lpl.-e•'G taken ft'om ~ qn~q 

~~~!•• 
1Jl~lu'bl~ emrt~ • 
sut ~ cl$f ®1\tent -
a~ ~f)u'b~n'h ~ 

A :tt.no a.ngttlav to ~ii>wldsd quta:rt~ sand oQJlit~tn:tng l.a.:r$~~ h'a-.ttts ot •aevt. 
n~~ qttm• pd.lW lrost()d. l!tioa tl.~c;s ~~iili6it:)nal. 

1!!.w rnc.le t·~~~r~d ~m. this· qua;nw luia beea U$$i to pat$ l~v-• wei; plttof• 

a c.!:.,H.'•att. l't htta ato~d uyp well 1n t'hmto pl$.00& u Sttt'f'Min$ for $ 



'· 

Pt..-\.'fl l.V:t 

1.4q~• ?f~ -~~ Co•~ 

Plate M SMW$ a tA-t SGO'bi~ of ~~llf.iCW>U$ l:rre,n®lt.i.$. itmd$illl)~ 

-.sGd b e. qtt~l't• k-.$ (}f ~ $_,-bion !.$ ~7' ®ow -the baa-~ Qf th~ Ji'nm• 

t)Qnia tol"M1d.•• 

~ bal.~ o£ :r.'le.t&:d&.ls in • 

solabl• t'lQ»t-t 
tiil.t;; Clq ount*ltb 
S@d tlo8;}.t• 

'Q_tf)t~i•-cnastsJ.tA~.J\I.sJ.~ 

A velff' tineir to fino• angul~ 'ha: e\tba.ngul~ ~l~l!!;ff to £rofSted $~,; 

lJ>tQbablV ~t'b:e* t\tjXi't.<J.,~ #% gl.Jtucon;tte -~ :t>CO!\$it;)Ml mt.ea tll.\k.ea. 

~ roek *._ 'thi$ \lil~t'W '''8;$ tuu-Qtl on ltt):1'h -~fie -t~ t"Ow:ls Vl:t'b-11. 

f~lr I!Ueot.ns u a $\l~tl\>.ci:ag ~t{l}l·ial.- fh>ll ~t~~. ts fitted f.itlly f()t­

ttvtaeing <m. light 'tt?ai'f~ l"<Jads • 



I. 

Plat~& l.Vll IJWi."$ e. s~etio:n ot 37' of 'h0d r~ek E)Z(].\Oaoo. in a road. cU:'b sttd 

<lUM':ry ~ the W~llt fiid~ ()f Ste.to 'l'runk lti.g~ 83, wh~r$ th$ ~(itt.d eliw-,.s t'he 

!'lGl"th sid~ ·ef Gil.mG.ntcm lUI$,g¥Q• ~ euaplete fi~~titmSc of "thta Q!l1$&'tif.l».e.blft ~et", 

th~ S'tht Ml.wt .. nc~ M.~b$~• 'th0 Lodi ttt~l1iit'• a.m the lM&.sti 1• ot tb:& Jor~ maber el'<? 

0xpoa~d at thi$ 1Qoli*tt1ou. +n ~ todi ta0tf.lb($r$ tM. ~1ltstcm~•• o~loa:rwous fS!iW.detones, 

~~lUbl~ OQ~t$nt • ~·f% 
SUi;,• Clay $erltent tm~a% 
IS~ ti()'At'$$ ... lO•Z% 

t(J 4S'~~~ 
to 4S.6% 
tOe ~.~ 

An utres.~ly fi~* elear, ~d$.r !\~ (pt>obtih~ ~t:t.) wdth oce~..l!lie't-t~l 

mi~tt !'lakes and rat·~ gains. of' pe:t.:~eord:t0 present. 

The balnn.~ of rt.!.t'-!.tlM"i&ln for- tv.u ~Jer :t.u 

Soluble co:at411nt • 41. ?i'fo to 6a.a,~. 
SU;t ®nd Cl.~~ eon.t.((~ l1! .2% to 21~2% 
Sand aont~t tQ 31.1% t• 31 .• ~. 

~o!u,!l!, !te!i~!, ~!.lzs!s_(!!!g!e! !9:J!) 
n.e be..lan~0 <>f lnat(ld.a.ls in this IM:Jnil~r' is; 

-za-



sol~ ~~- • 4$.~ t• aa.s% 
Salt aad: Clq c-G~ll!ln1t 10.3$ tQ 4tlfc5% 
$~ .,ontan't • 1.-- to· 46.t'fo 

a •t ot ttoletdto1 s.i.lt etolW ~ eal~~f.nU!l G~~. 

~~ly !':tne ~ ~ ~~. ~tQ.tla.tr'• cles:r~l (px•()be.bl:y ~~~) 

~on.W~ 1% to 6% glau,oQnitf1 &.'tld ()~f!l:dGmd ~ :C€.1~ m!oa £l~es. Sampl:~ 

1'~ :3,r$ .~J ~. w-.'Ut!<il ~~~ ~~ .. 

~ t~ the. ~~atio~l~ ~d Gtt ~e M~w b(\• ~ U$t\ ~ 

~faQ:lt13 mw.t~~ial on p~rt· at St~t$ X~ ~wny 8$~ This •terW hAtll 

•m 'mt11 lUldW' tbJ) li~t to n:v~di\U! trt~-tftfl G£ tbis l*CM but h~s b$® rou$h 

t.md ~ ~\ ~o ~de ~ t'' ll ~th w~fJ!l;()«J 1.n d'lf1 $6alo~:• ·1'h~· t~ook 

W1k 1$ g®d but il ..... ste .... ~ ..... ~S. thtr.\ rel~o ot b_!nd$l" $l,()W.w &t\r£"1»$ 

Mt~$Jlll. bas tal130 been E>bt~:tned i'Nm ~ r~di ~t)t' to· U$$ 1n pt\t~h!:sg 

S•f•B•~ !fl\1:$ ~:rfe.nttlg mn.te:rt~ hU Jl:r$"\$d e:atltf~etory 'bcet;U$$ i\ 

ro~ J"OCk bUlk wbile e.t tM s~ tim$ the bind<w ntlltterial 1$ l"$clet\l~d ~ 

tol"JU e. EJmO.oth. t~p ~\W.f~Q~.- th~rJI)by ~$hil"4S ~ ttl1 ~e.th.(:U? to~ ~1'st.oO;. 

0£ the ~ti.tr• $~ct:\;Qn, . th~ tod:l ~- ~tn it~$ h:t$h, $Qlable~ en~ 311 t !Uld. 

clay eon-tmnt .lw..s ~o'fen th.$ Jnt1J:~t t~ti$:i'IM)WT'f as fl. eou~ ~~ l!lutttaoin@S 

h'r l4pt m! ntedium t:raffii:l :rc:t~·uls. 



I. 

·flr~U.to XV1:Xl. #11~~1$ .~ ~~iJi;on Q:f1 zllf- ~bed ~d: •xpoo~$ $n A qtl4r)ey' 

ruJ.d r~ eu'b. ~fit ~t&u~ t;;~~s ~'b of t"M <~.ltl@tlt:t~mtbl~ M~l"., "ll of 

~ S't1.. ~~l1<i9 l:ll$.mb~r, and th~ has~ ~· of th~ Lodi ~01"'. 

~&~!!;~t.9PAtl.!.J!~r ... ~. 

~!UJll.! !~!.~ !~tiJ:P .... _(..tt~l~ !1,:.$1);... 

!~ b~@eli.t c;£ r.m.tt~~t·i&l$ ~this 1fi$~~:t" !if• 

S:<tlubl~ O.Qlt~ent ""' s..~ 
Silt and Cl~ CO:tlt•n~ • 13.t% 
~ Oont~f> • :t~.~ 

t~ fll.t,;i 
to ~~i&.&'fo 
~ 48.-

A-a e,_'W~~l;r ~~ to Yf!tt'Jf tiM# ~l4P&r &l@il'lru• !ll~ (pt"f,ltbfJl.:bJ.;r quaria) 

oo:nttitWng ~~~tMl:t~l. ~:la$:t~ t!ll""J'IS'tw.·la,. :t:~~r$ to. t!IQ!ttriti:n r..li¢1~ fl~e&• W1d t"~e 

•~cu».~~~• ot glt\uoon.it~$" ,l~t'I.1Xl!a a.t th~ mr.&e of ~~ ~r • :tn eau1ple$ 11 ~ 

79• tb:erft S.t.i G'~ ~$til~ ~i ~~i<M• 

t.n-!Jab1•Jt..t•1d.l•-•.$Jsit _<!~!e.!.!G::Sl) 
fhQ 'bl.!\l~~• fit tt~tth•r~~s tn th.ts. bWitllll. t.mi11 Gf th~ 1.JOA:t ttli'J>l~ tat 

Sol'IJ.hl.e ~t~ • $1 .• £% to· 61.1% 
Silt ~a Ql&:r ~or.tt~ ~ sm.~~ '\'.rt 'Ill .th~ 
$~ c;Q1ltEmt .. .8% t.o 4£.$1~ 

•01"tieeorii() Cl~Al.-t•Q.6t~ of a~ t:ri\'UJ.tltue . ~,.,. •• 'lolt~-- ................. ~~~-o;lt~' ....... .... 

4 '\$~1 ii~t~·~ ~~to $'Ub' ~ll\1" ~ (pr~~bly ~~-s) Cl!)~au:tng 

(JQ~$1o~ ~- ·~"'tlt~l.$• ~:1~ flak~ ~ f}'"Ai.M. of S).&uconi'tl&• 

Al:t~ .. ~Sh th$ rook t11or.t thi$ qu~r~7 has ooon ttBHZ!d fot- $\ltfM:b~$ on. l!gh:e 

trt.\ttie tot\4$ in tha vioini~by # ;no r$~Qrd .o.t a~mee. watiJ. obtaintld.. ~h~ balanot;~ 

.Of thl&' aXtlubl~ ma.te;rial t:~ilt fWd e·law• mad $m.td p<>intl:l to $ eood all. woa.tll&t 

surf~ing tor U.ght t:rdtie :ow. .,..~5-



fL..~'l''$ xu 
~eatie oo, Jautt!U.'O ~-

Pi!l\te XU t;h,QVJI)f $... 88' $Cl)i;;klt)n Of bed r"OGk ~$·ed in ft. ltOM Outa 2!~ 

t.a'JU't\ iml:~d;e$ tl'ltl U!)~l" 3• Of tho!ll ~~tiGn&~ M~~r;e all ot tnt 

Btl. ~am.le ~ L<~dt ~Eil"a .t!l.tld 4• ot th0 \1~~ t:4 the io~dm ~~~' ot 

~htil flt~~l.ew t~~s.id.&nt 

XBtJ!.lf.b1•-l'l.!t!«J!•.~i.! J_seU!l.!i §.$.). 

(S$~ S~pll:) $8~ Plate XIX) 

il ~en~• ~!! £~·) "'u/•fi;illt • -·: ' .. I •J .• ·" r .':fN ~ wx 

:t'uO:J.ubl$ I~i4ue Anal't.lt!Jlfi (~nlu. A9•9" \ ~.,..'tiN+ tt;nri.~ ~'~ ~~ .,.,. --~-- ~\:; ~~~ ;;:;, ...... ~ 

!:~ ools.tt.Q¢ ~i' w.e:t~r1t\l ~ tlda d01Q:tdt" ~bo.~ tac 

SOluble eontent .. $6.8% to 
S:ilt; ca.a, ~nt•t • 11•51€ iJ!l 
s~ e~et • 10.6~' to 

A v•~ tine ti) f.:L~•• -gtll.~ to r~e(t ~ita.ud (probrn:fl>l.y \lWWtz). ~airul 

I!JltQW f$'01-tiillg. $~ t)Cnt~s ()00ta;$10Ml. quart= ~l'7$'bal..$ and ~ea.~~-~ 

mtauo~t<ll r~i'1 tQ ·~ ~£ •mm• 
I 

14., ~~~r ~lltl!J. 
~,!l2!,b!&_llJ!S!d!et-~J.i.! .i S~l,!s ... JI!-!~1 

!hi$ :m.&'!b"r is ~ly 4 :silty dQl.onrl.t$ witlt (1. ~~~ ~f n~ta.tsri&.l u 

follOW$J 
Solubl$ eo11..-.t~ 40.3% tG e~,.&<% 
$itlt a,nd (il~y oont~ ~ to 54 .. 2}'( 
s~ eon~ 2.1" to a?.~. 

:tn ~•t of tll@ llaple$ th(;l ~a~ Qol'lt~nt 1$. bii'lcOw ~~ Mf1 th0 l1il t ~d 

olay COllttlnt over $4%. 



""""' . . . 
~ a. 'bUn.d~• of 'bhlder. lt $hon.:til '"V$ to he Q. auoeeesi'ttl tiwd'acill$ mt ... 

&ldal.l~'lt lipt ~ Mdium 1.n."'ttfi"ie ro~thl• 

'· 



\. 



fh$ 11i$clubl~ ~~Bith:tas. obt'n.!ned ~m. ~he $~l$$ ,tt~,d!.ed in c-e~tlcn 

w~.t!'l thia t"es~eh, l(r.t:!:blm'll Wlilt:r~ t!rla:slH.'l~\ 1nta 'tWo gen~:ra1. ty!X)~H 

(l} Cl~ ~ ~:llt,. 

(~) s~ 

~l'l.a ol~ tlll(l a.il.ii 1~~ti.dttt~t i'Nm th~ t1~l.~o was {tivt1:n a ~nerru. ~ 

i~.tion ~ly b1110ata~$ tM elq ancl t1:Ut $~'t'& b the e~ ~)trud:t;r ~liJ 
I 

b.ind~~ in :rc® sUl"f.~~in~ n~aw~im.ln. th~ ~~~t\l ·~~\e.tion .ot this ~ 

of rasi4u.~ wa~ made 'whM the l"'~W$'idiu:a Wl!\~ in a dq tlltat~. !.hif.f ~Geid~ wM 

usually f)!ay to ~;fit in gol:Gr t~ ~a.~h~£>¥ ~·~~ rn"· b~QWn. Th~s r"e$1du.~ 

was 19~ld.om tlmki;x/.., us~al~ baing £~11 di"d~ ~ bartng a tend~ tG p$-ok 

on d.eyi:ng. Upon $ti~~1l~~ th~ re~d.dufl 1~ watw • it $~ttlcd $l0'Wlf; bu·t ro~aly 

tlh~:wd11g ~ a;pJ}i"$c1able tw.ot.Ul.'ttl of e.oll0:1d$;l. llU\~rtal..- fh0 bnlk ot ~l• 

a.na $ll t in th~. eawplee wru~ totU~.tt1 :tn t110I$e ~lcttei t~~ tr~ th(IJ todi ~e~ 

f)!' oox. 
:En ~Zl$l"'~l tlt~ tiW:ld :b mr~1l.e1.;y fine tc> tin~,. ~..de.r to ro~w., 

el~e.t' o:r 11-ostoo, {prGba.bly ~~,.~•)• ~ of th~ l"~i~flt co»:tQ:ln tl~ 

eo:nit~ ;roo~~ up hom$ f~<\\')tion of 11' 1w ~}~. ~J;t~ stu~e-~tE) ~ei~ ~ellle 

~m 1.\n iUterod $1"a:T...Whita to dw.•k gre~n in OQloll'. M-~..ny of th$ ge.i:w.il f'(,l}t,dn 

t:he:b... ori:gin0l shapa p~~$~!d;i:lng Ghi•·v e~t'"V~ $tWtt\'¢(;)Ui! ox- in ;t~ e84\!l t>f 

a~egat~lil of rt<\.'l"e thm'l ~ $~~~, e tth:tnv b$tey~M~ avfao~. A lq~ num.bo~ 

of the glauoo:ni:t~ ~tt.ins tl•om tb~ rQa~~U.e$ 0-t th~ ft>t$Inp~n1e~ fo~Mtion ~ 



fre.~t~ lll.Ud wox'n dcwn s:tt th~ fltd•s• Oe~n l"<l)$.tW~ ~ao~:JJ· maittly 

<wblt~ oh$.t'b• T~t,nAtp~~~ ndt.1ta tl~J~i~ a.~· ~~lllemt in a la.rgfl :nmll.bfu:• ot t.l'l~ 

sa.mp1~$* o~;tng ~~$m. rare.l\lf tO' ~uttOniy., Whtltlil a.nd ff>'t1!.§l~nt~~l7 qll$$'ta 

\1l7ii'.als o.n prf)~ent h ~ of th~ ~id\ms; $ttJp~t:i@.lly those f'J.'fQn1 th$ 

Tt~~ealeau to~tttln• lfo a~pt wa~ ~ to obtain q ~~ate petri:!!• 

pe.phi.O a:n~ly1Sis ~f ~· $~. 

Xn ~ thi'tH.>lubl~ :ltef§:idue .roa•'4tsi$ I'J£ ro4k .anmpl~~ thfll:t•t> u~ twr.t i:m}.X)':rt~ 

~~- twemwhi~h t~ o~~e~e. tb$ r~l~ti~ns ot th~ ~l~S1$ in r$ap~t to 

'· o.art<'l.in s~ples 'bli\k~n from d.ef:L~t~ "tW:l.t.$ or ~bern ot (}er.tain f~J.omt~A.tiona t 

(1) . fite ftUa.~tttativ~ balano~:~ of• solubl0 1llt1t~r1al 1 liU1d ijlfjolubl~ •te:t•:teJ.. 

(Iatbi$ r®po~t thG 1in$olubl~ realdtt~ b~in$ d~;ri.tb~fl ~.nto {tt) llJ.ilt a:nd· ¢lq., 

('b) a~.W..dt (S) the ~etoti®lff~ ~t1letw ot the s~. 

ln this &~ 'bhe dUute"tttl f')1'l~t;l.o~ s.ad ~evt; w:Ul 'bEJ di»QU$$~ 

$t1ptlr\\\t~ly e.G t~ the velat.~.ona r>f tl:\$ r~id~~~. l''i..t'l~l.J.w .e\. ~i~t stam.ma:t;r u 

to the iut:en.wmbe~~ ~ 1ttetl).l.'>fOl"':S>.tvtio~J. ~le:ttom; of th~ re$1~J&s will b$ 

tooL~it'tn $tl1 40, ~ 4l in Pepin C()t:mt,y a.m. ~~\\ti{)m 12 at1d 7t in 

!uttal~ eo-u~y Ml ShtJW;, i:n tli<VU' ~av~ ... oods of iW.A 8~ hor:tz~n il$~ 

the b~e e:f ·hho F:t'ffil.nOot:d.&. to:t•mlli.tion.. ft. k$1 bed to thia horizon" ~pos<td 

ta.t Locat$,ons 361 41• .and 12~ 1~ t!~ h1€J,_thl.y er"tat~llis®d '~ glaueomtie 

l,i.'1.W~'bQllG ot· dt1:t.o~te tef!t®d in S~l.~: 91 too~t.ion 36! e~lG 26, too~vld.oo. . 

41• ~d ~tpl~ 601 Loo~tion 72. Tll¢.~ e{)l.uble <:l:!l)nten'h ()j? ·bh:'tn b(!ld ~~$ ~­

.se.S% to f9.5'fi 41 the elaar and $1lt ~ont~?!lt i$ 1.e1ia tllf.itil. 3'}~. ~h~ smld con~t 

~e111 ±Nm ~~ to 4t%. tbt'11 mioroaeopie ¢htu.~~t~r of: the sa.nd in th~ S~ltple.s 

ts 00';~ glau10osn!te, wl\!ch ht\$ al..te~~ in S~le$ f.e &tld 29 into a ~Sf'f.W .. white 



e.~ltlU'"~ ~vill$ the ~a.t:run the app(farano~ Oct siU.eii}us ool.it~.s. !he other 

tst)'J~ ():f the~& ~d1tiu~ ia !Tos·~d s~td (pro~blf ~\mt't~). No mlet\ tl&iil!.'$$ oJ> 

que;rtJ o~s·~tal* p~$&l~• 

Aboill$ th$ ~f bed ~~ £~ eit• t~ 11ft ~ (Wgill~tH~o~ tl'~oodtied.­

il~~:rutuo tttut.d.stii.t:o.e ~~~;l~ eo:t¥tm~ht.·d~ !n physical u.pfe~~ll.~• but. b~int$, Vflt7 

$.!mil~ in th~ r0-l~ti<}n of i.lll~ r'lllt~i(lues o'bt.a$:n~d fr<>m' sat1plea of thcis tm!t. 

Wtma ot th0 :ta$tft~l~$ h~'IN1 ~"?tGr 18% sol'lltb1o ~o~t.~t W.OB~ of th.~ bill$.~ w.a~h 

lea$:, efilt tmd~ ~1~ eo®a.'lt l"S.llf~ :£~o11~ G% ~~ thB OO.li~ w 'b$~&:\1 2et1 suad ~ 

at th0 top. SilThlld Q;Oltill'b:l.tu:~~:J •& bttlk at "l tl~~ s.empl~ us~~ S$'it~ tht!l ~ 

bed 'b~lO\~o thff ~$1'\!U'f0ttp1o C)k!~t\G~ Cit ~t~ $~ ~i~$ ~ l1ttl~~ ~allv 

lt; is 1$t'y i~~~ 'tro~ :fl.m~" &1~1~ ·tQ sn:~~l~"' ~. b'Q$~ (lll"Ohablr q~'$) 

C~ll~ini~ if~· W ~~m'Itt);e ~~tlS ot gl~e(}n!,t.,-, ~.Cfl$1c$Ml ~Q~ tl~S: ·~ 

Wl7 ffil$1 q'UtUrt• e~~taltll• (!!~ ~2 0~~$~).~ a.p~t> axiL~~ 5~lt;Ni 24-
aa.) 

Looa,t!Qna $1 • ~fl • ~ 1~ al.l ~w fll; ~~ tmae ~~ app.r~xtma.t~l7 Qf!it 

&'btn't) the bM-e et 'th~ ~~~a ifcnn.t\ti;~. :eh• ~:t"~ll~4~L'I' lnQ:ttled ~T ·~ 

butt $~$'toata ~ta bl the ~pu~u-~~ •t tb~s~ lo!'Jat!omt ~.11 l~~ the. Sflnlll 
,., 

:Pl\'rllfi(,1~l. caJ?p~!HU"Ii'.Jl~(:l,. T"l1a Gt'!JllPl!i!G' t~en f:rom the tU:or~ mnt!Qned t~~Jcati~ 
. . 

4\l.l llWV$ .Q. low aol\lble COC:t1tent, a,t ~ ~ .XC$JU itt ifih~ w,Ut$ test~d. 't>y 

a~lea 45.t 63. &.nd 16 Wbii\\Ul. t'WlfEl.~ fi'Qnt 17.5% to 4/f + %. 1'be ~~rsJ. Nl.G 

is e. lf)_w S(i)lublo ®nt~~:~ a higb -~ CGnt®tt. fiRtfo tt» $.,. ~ ~ /$1lt • 

eley ~ontGnt :t'W1tli~ from 14~( tQ 24f;~. 1tbG m1el'<taQop1(J ~h~etti.l~ (J£ tn• c$f.:>J\d 

ts lik~ th~t d>t LQQ(ll.ti~ 56• «>• 41, 7~, ~~ 19 ~~pt tbat the~ ~;J.~onite 

®Ut~nt 18c M/&h~l". 

~lt0 Qit@'~tticm.abl$ ~l'ilbe;t• • wtwe<0n. tl~a i"t~11)Mt!t f"l"itll.~ti>>)rl. ~ tlW fit. 

ta.w~e:n.cG ~r of tlM• S!rwu.pe$l$~ ;f()rm:e:bil:)lll ~allg~s from 6t to 14ift tM.~k. 



fh(l k*¥ horitt<ln t;l) th1$ m.~~w is t. 1• to .frt \Uit~ Q£ m,~en n~.d «>~~lo.tael"ate 

at the bas~ of. th~ l'lt~er. fi~{ll~ $6 mnd 351. L~-tfk.ti® ~~. ~ff~~ ¢ou:nty 

w<1\t$ tol\rllecd hll:l:m t?Jh k~ 1Wdz~111. ~he f''0$tllti'A' at 'tdl~&c 'tii~tf.t w:l11 be t~ou~ 

O:ta flt.ti$ !X. ~~ ~fiti~~bl~ ll'M!llmb$1" W"tl$ ~1?1~ ~ ~atili'J!l $11 'f&p~ 

COUrt<ty ~d !,ocyAA.iJ:!.ottJ$ $4~ $1.1• 84• St!h ti:l'ld 90 :eu.fft\ll) C~'U.l'ttf.-

~~ $4\lla~l~~ t~~~~n from th~S'G lt"t:OG:l'ilo:M lllltQW in tl'Mil:b' :b'laTcy,la~'blG ~f,dl4~ 

a:!llal#tt04 that ntos<t~ of th~ b~s are deolorrd:M.-d4 $~$in'~,~~ d.-slol'aiti~ed rll't 

sto:nt~ w:t1oh ~ :ti$f; bed~ Qf $t\l1iiy, silty d:Jt¥1~t$.'l ~rltn 'l()l'ttbl(ll: (,l~>~'l't~$t~t ¥~ill~ 

hom {!.9;% to 51,1%. f.d.l't .m :el~ content tMg:h'li ftom. '·~ to oo.r;&$ u<l 

sand Q<t:nt•i~ Yan$i~ t.~l"($1. l0•9f~ t<:> St:h51~ 

ln the ~rl.or~oo®-pi~ ~ar-~~01" 0t t}~ ~BWd (ex0'Gpt in e~pl(i$ l'tt 5$, and. 

3~, t-ttk$11 tr~ th~.J. base-l 6 t o;t• the m.~l'" a,t lo(}atten $$•) is e::tt:rem&ly fb• 

to f'!M ~:.t'..l1U. ~nd 4:Jllf!it'W (prrcibll4bl;r ~1~$}. Grfl-!1'3.'3 Sh¢W ~;r.cticall-1 no 

fro~th'a~« ~~ ~·1!J.t$,lm $H {)~~a1(~tull1 tr~,;rptla"tln't mi~ fbke$ o~~do•l 

to ~@I gl.$U.~I)tlit'4tl. 111 uat1fl.lly. f'l.:a~ gt>< in:t:-d:, H,r)lt gr~n, blUJ.!& @J"&tm1 lU1d 

fl:te St-• Le:m..,~nce- ~~r (}f th~ ~~p~l$&u t.or.rul'!ltiQ.#. it ~· to f!t thiek 

i.n the $.r~*'• S~l~$ WN'~ t$ke<n £~n. bhia ••~l." at ~c~tiGn 3'1• 

Pepin. CfNnliY• a~ lMt\\t1on~ M, tla.- f4, $4• $6• eM.~ ~t~lQ C~t.1• 

!J!he in.&olubl$ !"~dqfl S},.:;~lyd.$ of. th$ 4Qpl.$l! tub treim tb~si!J lo¢ilttone 

tth"C'In tlw toll~nz b~lan~ nt ~water!ftll 

S&lttbl~ C®-tGnt • 
*ilt ro:td (J'lllY c®ttm!: 
$,(lW C$nt~;o:t -

to 17!-~ 
to 23.5$,. 
tQ 48"~~. 

As thiB mmb~w ~- a «mndiY c'bi~l(:l$ite the etfllible contoot :t.s ~eatest; thQ 

$a.:nd eontent, '*3'1ally b~lks liw~~ thmn th~ silt t:'.nd elq QOnte~:t~ 



'.Ph~ sand "aidU@ from samplse. of this mem.bett i&t U$Uall1 quitE> aimilu 

in .mif)l"oseopie ehQ.l'l~t$i". ~h&~ e~ 1$ w;ey tin~ to f't1':W • a.~IU' to rotmd(!ld11 

eltt~ t-o :h'os~$4.., ~'OO:bly priz~1 cont~ tuf:lrl$ <teysta!S< ap to 10% ot 'bhe 

a~ content ot the· sampl.Et,. cqcaa.:ton~ tt"~pt¢~1~ mt~n. tl~~~s~ emd gla.uct?l:d.til 

i:l~:tng t~.bnt l'~t>~ ~~:\ns ~ to &,% of the $Sud• 

!tl1e ~ ~r 1~~t fl"~ U• w 1itlf thiok in tM are$.$ composed mttinly ot 

~il:ty ®lamtt~s aa'!t ~ol~:miil'~ l1il:t~ttl~~$. 1).~i~h aR m~b ~lk~ in pey$:Lcal 

cruw@'tal"ii!J'f/iCt.J. S;run,pl.~$ l{tlr'tl talw:n *fTA'l t.,~:t$ ~·1" &'ti LQ{latl,Qlrl:IJ '111 and 

42• Papin C~,. ~ld;ltoeatio.~s14• S'lli. tl.i1 e-m 1\10'-' l~ttato C~ty. ~ 

'bal~e of l$itGr1al.s £n ~ iMQ-l.ubl~ t~rd.4u~ ~lJ$1tS Q£ th~~e aruapl&$ i~l* 

fiol®l~ <h~ntent 
Silt., O.lt-.q ®mteltb 
8~4 ~$'1t 

t1 •• ~ to 6l$.tV; 
l.ll~J' t~ $4 • .$% (t~ue.lJ.y a.betve to%) 
.s~ to ae.40% (Us$1J.;r muo~ lot1~r 

tM~ t~~ upp~r l~t) 

'fb.U m~~r is l.1~3?~i~:tngly ldgb tn tJolubl~ lll~bold.t~ Ot)ntlmt &lld l(l)W !:o. 

s!l!.ttd ~~t.w 

Th~ ~e:rcm,~pio el~~ of tlw sand !'rom al;mtpl~>l'l takcrtt from. ~his mmnbel! 

1a v~rv- Bim:ilarj UJluall;y an extr~q fin~ to fiJi.~~ an~lar til) ett~l~r 

ql~ $l\Ud (pr~b~:<'bly qili'U'{):f) ~ont..~!.n$lg (!J"~:hlw:r oooasionAl quart$' ~/t.ltals Q;r 

~~ ~t all, ~~$ to ~otn:rlOn ~p~t~f'f.!;.ll<:ltl of m!oa. ~fl~~$ and usually los~ 'tihE!itt 

25~ t§:l&ucox,d.i::e in $l,'w\;.ll d~ F\;!~11 gf'M.ill• ~n,p1e(t 181 $'>-, ti&.t @d fl ~ 

all ohert s~ ~ tl'wir srr;~ to ~· ~ ~ineid,~e in 'iith~t &~leu $;01 i~" 

~ 72 t~ill e.~~ ft'Oiii &• tO' 10'1 '*'1-..ow th~ 'ba11ce rif i;ht) ~abe~t 

:tnte~¢'r .~ l.tff>:t~mat5.(}tvll lt~l~:\t1oru~ ~ L";l.tt~rf>~<»Ml 
~~~~~-.··~'Miii!IOic'Js:rlf'l:l ":~t.Oi!t.tn~,.kk6W.~I'tit ,,.,.IWS'W'yJ::,....., ... ••U "ii··o~ 

of the G~ Rtu~i.duc 
't'ln•ff% ·. q·.-~ ..... -lfloo:lld+; I ;;1~#.\Vp fli.l'!t 

OM $~~1es 10• tQ 211 aboV$ ths brule of t:b.0 tol'rl'llrl'tion,1 the othll:lr strill.'la vdth 

ita ~t:lt\13(1 Q6t above thEl b~$.G t;tf th$ t'ormo.,tion~ ShOW th0 $~ g@Mral ObtJ.ra()ter 



~ - ~~$ ot $01\lbl~ ·~ iXWtollU'bl.;a. n~tt;ti(tZ'itU.- ~ mt~lmtJCO-lliC tthaf'~~t 

Of 'the· s~ $i"~$i\~• (SfPJ.l pa~$S .t 398. ~ 40.,) 

Tlll;t$~ Sk•im.t rJ;f had# i\itt~:r- j~~a~ the '\\tt~ti$:~..abl.ll.l ma1J~ ~ the ~et's 

1'1ttf tm f~~n~ai.~\ta ft~~"tMn l\be~e in ~wutt;t;A$ ·11li ~ l•er $oluble t\QJltant.• 

«\ l~r: ~:U~ t\r.~d elaw ~atent,. ~til tl moll f'.i.~*A" $~nd oon~e~• !h$ ~ 

41f'fer~•~ in th$ mii).l"Ot~~pif;) ~.bal'~:t0'!w;t' ()£ ~h13 l$i\Ud ~atd.due u a h1~:r 

b;lau~ldte ~ntent. ~ ~~lSi~V(l} tt'b$~n4~: f.5t qJltlUt1Hl ~q~~~l& and a mv* r~d~• 

boat~ ~ &Jli~~.., «l~$~il' ~~~ 

fh$ Qu~t:iQoo.bl~ ~m!Jf.l:r liitf~:t~a ft®.!. ~st. ~~~ &nd !Qdi ~0l'$ 

$1bo'V'e b1 hA\~1.:$.g ~ lv~t> ~:vtt~ s-Ql1cAbl~ ta<r~t~~- • ... ~~a.ter btllk of 

-a-nd., ~h nwm~ us~t;r l~ a l1:t~tt~;r 0laf ~d ~ilt ~t)ntQh th~ th~ st. 

~~e~• ~t.l1l" ~ a. la"~c;)~ tal!W ~ silt et:)n.t®:lt tbt!t.ll th~ Lt!.l.d;). ~et•• 

1'h~ m:!',.i.n ditt&;,$~10~ in tn~ llli~r$®p,!n ~~~l"' flf thlll $~ :tn t.b$ 

Q\:tltllilt!oM'bl$ ~e'it' t,n. WHl*t tQ th~t :i;n ~ St •. ~~~M4* l:~i!.Ml' ~~~ 

~AJ, l•~$ ~tust}i!l$ D:t gf'~~s._ ~ ~w.l"~l $nli.tllm- ~t((lw.'Ata~ Qi' gla~v1.dt.e~, ~ 

~ fu.JW ~ ~:rijJ ~.U~ ~ in g~n:aer~. 

!!~ t'Jtor; Lti1~1~El n~!Qt' dif£lli:t<S fl!Olll t~ 4~lying todi ~$1' in 

bA~~ a Vifil,ey Illll® .s&ll~r quWilt:ttr at :itl\t ~ ol!iV~ ~d a. ~-OJtl$ uni*'~ ~ 

~t~r 'b~ Qf st~>~l. $!-:te l'llie~$~pio ~h~r~tw of th~ $~"14 :t~$id:Q c.l:tftl&tt• 

1n bTJt.~ ~~t e~&t.~~<tlr~ :a~;re "ln'ld~• ~~ ,. i;:Q be .ftf;)ste4:i •Uld ht\ving 

.~ l'd,glt~1" ~l~'U(Jr,m5, to til~~t~n\l., 

1Jh~ !.od5,. r~b~l~ h. d~fini't~ QM~at)t~~ rm Q£ ii::tt (JWlt Whieh h-'1.\.~ OO«lil t~~t 

tfl-:rtb. 11\ the. pre~di!ll ~~~~. 

~ Qf the pri.~s pttrpot~ Q:t th!!il ~~~ i& t.o t~ f()rtb. tll$ e,.;~0rt%l 

~it(.t~i& £~'¥! d.~~~i~i.U$ th.~ faet~l'tti (trom t}l• at~ po.ut tJf t:n~ il;;l!olubMt 

r~~i~n~ ~.l:ys~} wh:tQh ~>.l!w ot;;$rt;.~ ~e~bli)lra ot th$ ~cw.e¢:n:\.a. .w.d 1:b'oolp):i:ac:l!e.au 



fo:tnta·t;:;tl;h~ better wuiilllld M S~C$$ ~J;~f ~~d li!W"f'~C"ing mll\:tl9?ial th.Ek"l ~:rt.h~~a.­

!~ ~antsrJ"t &in$1;11) ta~:r iflt :t..""W be.l~C$ b$:tlv~;n eulu r"l~ Mt$)1iml,~ $il t ~ 

clay.~-~· 

In ~ h~¢'lU#. t~~-ti~l th~ b~~tl;. t®k t~ ~M ~'n~fli01~ i~ fGW'i.d (h 

th& ~~ ill~flti~~~~) ;tn wa 4~$S ~fl *$"~' tr.;.$ 'bns()' of· 01M~ ~e:ris• of ~da 

tw~ lOt te '31t ~~ t..~ M$fit «t· tlw ~:rr~iljn~ -~ bM~ 131ft 'bh~ \riihlitt "11'1" 

ltfl \l~s--. bt&i~~ abou\b Efit ~v;&; th~ ~~a Q':f' t~ fO.rcMt-1~~. *t~rita. uw~d i"li'Oln 

t~~Jt9 ·~~~ ~~i~ oi IIU'~ll~~:@t.)Uf.l 4¥dlt:b$~ h~ pMV'~n ~~ti:&fl!~toey t-Q:r- Wtte 

OU li~~ ~G lf~i'Atb.t• !J:l'.I.G $W~t;6 4£ $~l"Vl~~ is 'UJ,n,.t,\ii.llf i'~ 3ilol~ ~r·•·• 

(4t· t;.&ht tJ!'!ld'fio rtll~~i~ 1'11 ~hia t\~·~~, tiQl\'1'1 -lli:t¥11 ~\t!'J;{W hi~~ ~r~ \\ll(gut,. 

*'ltat$ tt\~ hi$lnv~$ a" C~l~aoo Wld~ lli~it'OOo t~£1~ :~.~~ •) 

'llk$ b~tll of $olubl~ :nw:h~al ~1 ~il t ~ Cil8{f in l'$il1ll>ilf4t to th~ 

$.mld c~nt~~t -~~ to- be th~· a~~ning fa~tQ~· 111 tl'!<~ ~at}~ uf tQtid lil:il'$'1~ 

ma:t~rtala Q-bta:U~ti! billm. tl• lrlf:i.U'tQ!)nJLtt f~rm!l:tt,®• ~tt(lt lt)I$Q.'tio-l'1$ rJf lli~t~~t\l 

in ~\"0 li'rattceoM-A $l\\1"A'ft1:me ~hi.~lt h.9.V(;1 it~ ~11t a~~"'Y'1.e0 ~eeQt>d~ vs! ~~ations 

eta» ftl• ~t rrs. 
\liM 'b®.l~~ ~tf! ~'1<~rl.~.ls at th•* l®&.tiooa 1~ a~ fol;l~t 

•~~'Mm.~l 
a, a~ .tl.~a.~;~ ${)J.uhl~ Go-nt~ 

'll a,;\l t, -ol~ u 1i011\t•;m;j .... ~ 
Wotf!U A~tf.$$. of • 

~~Ill 

A;v"""""'''e s~ vent~-.& A ~"'~.~ .... ~u 

-~~~~~~Ph·,!f. 
4v~;rlll{~~ s~l'Ubl~ eontent 
A~. $ilt~Sl~ n 

~t.1taJ. Av. !lli" ~ ty;p~$ 
A-v&~!b'tll a~ ®n~® 

~~ti~n 'ttl 
....,~ .uc- ·~·••r" -.z,, 

. A'll'w~g{i) SQlU'bl~ OO.llt{!lt"i:t 
A.v, Silt, elay co.mt~ 

T~te.l Av--. fJcf 2 ty·p~ 

Av. s~ eo:rtt~nt 

to. a 
2().(} 



l~oma to~ta'fd:on ~tt a l.awge m'lk ot ~nd w-t; tl~ugh silt and el:ay tUm 

l«~lubll!)' ute~ial. t~ p,r&-t\1'\itQ:$ $.~ft'!L'lt:l.~t ~~ to ~~ a. goo.d surfae:l~ ;fQr 

lign~ tr~t£.1~ t>Q~s. U~~ ~itUll ~w ~W:Ir'J trt'&f.l'i~ till$ m.m.teriaJ. ~ud 1~ 

~:t~ U.:tr ~~e of tll.Q r~pid b2'~~ng down $£ ma:tw~tt~l ~& tur thW' hiVi ~ 

~he Lo.oa:b1oll$ ~os1nt11 thi\2 ttl&m'Q(ll" s tll$ 'm£4-terl~ i"l"om whieh ha~ 'bhe 'be~t 

-$v\l'icE.J r~t:~t"d$• lllir~ tot'J~t'W.0tm 641 ~ .. ·ant!!. 54-. ~ho b:~lan" Qt ttoluml~ l~t~ri.~, 

oilt <!lw.l ¢l~t Md p.~(l a.t t.htl$-e? lei~~t:l.6i'1"$ iS: t'Ul fr!Jl.:t.ow.mt 

.fi4!:Z.i!~ ~~~· 
A-r.o.~ Aolubl$ mAterial @nt~nt 
A~~~g., 31l t ~t •~e.r ~n-wnt 
A"tJ1u.·-e.gQ stu¥1 oc;.mi;~t 

~9-~~n ee 
.. tj;' .()•. :;:: ~~- I ( ~--

~~~~ f.JO:lUble e~~xh~ 
Ait(;J~$ ai.t t ~i:ld ()lay, e!.lntent 
,t}t¢t:W~g0 })$.M ~~m;snt 

.lfl.~~x~M ~. 
Av~~ ~f.!· fl~Qlttbifll flt(mte~ 
A:v4'1r4t.g~ $1lt tmd olay ~~nteu:b 
AW.t"t\$$ Btlilld (:OlitGn.t 

52'•$~t • ll;G 
20.t}f; "" 4 
21.1;4 "" & 

i4•4t~ ~ 7 
57.3%... '7 
as~~' .. s 

ln this ~1tl~r a ~J:htlllf diti3l'$nt etnuU.t~on ~t$ tlw.n !n ·~ ~~nia. 

i'Q;-m..'\tion. !h\l dittie.ul ty of wo~ tbi~ m'l';llf¥~~ ®wn 1.1tto ro&i I!Jtw£&,e1nm 

by ~ k~ pr'0~~ tb.e .~~ ~l.."t~ui"ffl l.l$1) O.$ .tt:.iJMl &u:rt~b~ as the l'"r~m.e. 

f()~:me.t.1o~ 11\ih~.tl p\\t Q~ th~ ~a4:& i'.n 4 tt ~lab$, ~M iW!\t~rlal w~~l""$ mtAeh b~tter 

th~ th® Fn.n<ao'n!a bu't th~ bl"$.'1\k dev~~ 1>t tl~l$ :fN)~k to: i~~nislt bind~r ,,. sl;w1_. 

makin~ a l"e,tJ.Wr rou$h ~tu•taota,.. 1'ht1i d$t~n.'linint?J tMtbot" i~ thi$ ~P~~ a.p:fi$al•l 

to b.e Jtock bulk, Th~ h.i&l $Olttbl~ cQ~n:be.nt mulllt eQmb!~ with. '6b$ silt and. clay 

cnus:l.ng a. r~ls:~:l:~ly sl~w we.a.t~ Md ~on1u1~!tlr • slow l."tl~aue o£ bindt'r¢'• 



While ~u ltw.te:t!itt>l ~s pl"J}"~ aAtiac:t~'f.ltoey on m.edi1:i.t! tre.ffie ld,tht\'lq~. 

~'i i$ n1Q~~ S$~~abl~ ~it~ fr~c~~ ~~i:al, ~material ~i-tn ti\ ~" 

r~pit!l x'ft.l~-~ t4 Ml1®1• .!$. ~orJ.$1d:~j~ l~r. 

tn \h1$ ~tt, th~ !~. t&mr~r~ ~b())" im 4Q tlJJln iilia.t it Ml!!d tw eon• 

s!A~r$d o~ 6t$ ~ ~- i» lJ<t ~Q;rl«td ill e~~jmct~Jm w1t.t1 •ith~r the 

~·~t1t»abl6 llt$mbe1r b(f~w o~ th~ L~i ~w $~(:. 'fht.t ~liibf)l" is • ·~ 

4ol•~ e.:nd will .3eM'l!\l 114\iul.y w Mu ~f~Qk bUlk f~l"' w~~;.:n.g qua..tltt•a w 
~ith~tt ~~ it ts tt~l9d with• 

~lli$ :awmoo~ m13~~t'r) .i.\ rt\.th!'llr ~\ttf> pt;a4ti tiO:n ~llj~ til$ ~b~;~:ra 1i:mdied 

in. this l"'$)?0f't• A~$ctJiin'bl.y the h~•t twu~~ r11t N'$.d io\lrf~i-'~lt~it ht\lil 'btl$! 

us~d ·~h<J 1ean. l'b u !l)n1y re¢1~:tt:tw that ~ atteml)'h ~..a$ bo•n l!U.\.d<ll to .e~ploit 

thin ln!)1fl~r li.M $ l$~i'tt:H\) ¥Jf ro!!\d ma~l"itll,:l• eons•que.xttl,t ·the ~ecort\tl of earvifile 
" 

~ :t(!W;. m>.~~ •i;~~w hom~ :me~r b.G.~ b.,l$n flied to~ flurte~nt;. 1t ha.EJ 

ttoOt'l up ~u. pl"t1i$.,.'\'fi~g ~ I!W400ifh all Vl(iatlwl" $urtaoo wi:bh enou~h took bulk 

to n~ w~ll a-nd yE!t e. )t'IJ\?id ~rough t-~l~e.~ of ld.nd~ • pe~.t t\ v•<!.!ll bo1l!1ld11 

$l~t.ti1 F~t\&h!Q surt~~ ~ d$v~lop• !h$ {lCluhl~ ~t*'ifial OQnt~1lt 1$ l:d .. g;ll• 

uoutllly otr\llr 4ff;i, ol~ a,nd $ilt QO».tfWnt ie usualq 1.\00ve 2~1(;.. tll.'llel th~ fa'and 

contJent is u~uE!llf balaw ~. !irni~ •mh~ vdll ;pr~btibly tu:r-ni&ll the b41.l$t 

s~f~ing 1111\W~ial o:t ~ oi.' th& moalnbor.\l swd!~ in. ~Ctll~tU:o. \111.'\ih th!S 

l"0pQM ~speei9,lly .fo:r ~di'Utt\ tt'ii\1'£!~ "M$-. 

In e~rmlU$ion41 !t 1$ }.»4Sibltl to ~l.\l;btl'l th& 41ffGt~t l~ta ot t.b.~ . . 



1. Led$. ~iltmQ$)1 

(a} $Uiff$Cle1.1t- ~oek bulk~~· ~ing qualities. 

('b) ~!.ek r&l$iil!$~ mt hind~• 

{\l) liigl~ ao.lttbl.~ GQ:n:t~l'~ (~1~ ~~ 4-~0. ;$ilt a:.nd <itl~· 

c~u-t~nb ( W$u<UJ.;y· o¥~r 2$%)~ 1® ~at"llti eont®lt• (usually 

s. Q\tcfJt.tt-Utw.ble ~w 

(a) Good l"OOk bulk;,. 

(b) Slow l':ii)l~~M~ ~:t· h~ar·.-

(o) Appl"Oxinw:t&ly 341;$ ~<)lttble,. $5')'Z 1/J:l.lt e.~ cl·~~~ $~ $and• 

a~ st. ta"l¥~1!) Mttmb~'t' 

ll,. li'<>t" t4ght t:re.ffi~ ll~ruis oll.1.Y'• 

lt Ei tl\~ s~;ri,('I(J of' t.h~ F~Jmo&.\ma tfl.J'1'1~fiticm. 

(a) l~$r ~ook bulk. 

(b) ~:t!'Jk r(\)l\l~MG ~t· b:bt.€1.f!r. 

(ta) Et\&b m~ qcl.r.am~~ ~the~ lm..r milt and 4lq and lfllubl.G 

fhe 1i'GiSttl ta ot th$ ~lt,'bl~ l~a':\<lutl ~lysia of em:tl1!1la$ fl"M ~ ~di 

~.m~ o.t the '!'l"®nlp~tal<:l@,U t'Q!l."l:n~tiG~l {.)~_. trJ~ ~~~l¢)1i;bt'l.:~1o~ mt t.?.m y<;t 'i,ll\ttttn oh•d 

s.oure.e, Qt ~let.:tlt.u:rt.U l.hu.e. Thtii Lod1 ~$1:>1 in \ili0 ~.Wen fimn which imtl 



~~&ner-~11-y -~~1$di! ~ ·Ill 'bh~ roek: !f; b;y W<fi$hti., 'i'h~ t;ml(ml"ll).Otl$ oo:ntt,1.1nt l$ in 

the fom. ott ~ce3 ~d. ~$~1 ·t~ lt~lk ¢~.! inso·l;nbl$ nta.t®ri.al !s •1J.t atid eUrJ 

tl~ a~ oontent :13 ..,~ .. ~ · 1~. 

!l!h$ toQ.i ~bel' 14'i ~nly ~~o~~ ~£ 'bhi.~ l;Mttt.l~ o£ fin$ly a.nd ~V0nl1 

av.t~ulilw:-~1 'tirJO• ~-e~lly it ~an bl(;ll J)1"0du~~ f.\S ff:'"Om'M1 U .. U WUC1l. .mo:r~ t,)~:U!JS.l)l'y 

th~ iL.~ Q)l"(lf O~t~ kt'l!1J.lll i'Cl~~i4• prod'f.Wbg ~i~ult®al li@l• 

:t'b;@ $~wu:nd 1~ ~b'brdltll'.!d t'l·'Q~t tl'J;$ L~di ~b-~ t~ll b0 ~-~t~1,at tu$te4 

t~to -m.a" em t:J~ $o:1l M 't~fi! ~()ltJ.ble $c~J;~ mxt olay will 11mN~$(<J tbe ~sit:~ 

fitnes~ ~t tb$ .-~u. £.i):r (};rop)}!n.r~ ~t th~. ~e ~i~ th~ c.fllla~~!$ ~(tx.tttttl'b i.-s 

twinfi rele8$"'d f:oeysn t~ 1•• 

1h$r~ ar~ l~~({ 6.~$~ tn <t~t:r~ 1fl!e~te:rn. Y.fi~t"tPl.UJ-b Y>t~11) lo:~l ~1~1~ 

l\tion ~ ~$ b;$~<;1'~ ~wn tonr~J.'l.tft~ ~"'d.l.t(}:L~z o..;rfi~nlWrll\:1 limo 1~ nQt ~~ 

~n~tl1llly t:elllS1bl~t: .In Gr~~r m"~"l hltea:e ,fQf'~tiQ.M &1'~ "'bt!i$1'\t" fh1,11 \U'"(!J~$: 

~~cr~tjti by the lao'kt of t\~;.ri.~l1l tt1rel l~• he.v~t in v:~ tll.t$'1;$, !"ea.ey- aQ.(.}~$ 

to wor~blo ~po:(~:t"~;:t t"Jt thi?t Itld1 ~·~ ~1! t~ !lt~tWa,l~\'\ f<trn$.'\liQn•t C~M 

«>na:idf>ra;;tit:>n BhQttl.d be a;:tvwn th~ kdi ~f)~ ill tM~:e ~l"tifu. 
I . , 

Xn th~ wri t~w<$ i"$fl)lt\$ ~~e-i"'S.e-n0'e~ th~ tW0~ ~ftl mat~1t'i.~ t!:miltUt to 

~ha~ ~<11~4 tn oot'm$ey~i.:)n ~ith thii.1 r~po~ o~o'ttr-tt !t~l~m#l. Ct>ti.$wd.• 

V$11'nQllP1 Ltl.Ct"()JJIIHib$ f~~e.r~at!'lo~~ ~~l~, lt~t:n.. tU1d l'lit~.'l.l O:l$.1.t~ tlot'Q.l'bi~s • 




