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iillS'! T!.AC'f 

S-ediment a1ong the Arkansas Riv-er and major tributaries 

was sampled. .fro1n Royal Gorg e. Colorado to L'Odge Cit.y , Kansas 

to study the e:f':fects 0£ 1'luvia1 transportation of the s-ed.i"" 

ment . !n addition-~ the two terraces along the Ar kansas Ri:v­

er, Crom the Cole-rado- f.'Cansas border to Dodge Ci.ty,, Wl)Ji'& bored 

and sampled to a maximum depth of' 70 feet in an attempt to 

di£f'er&nti.ate them s-edim.ent-olo-gically. 

Very little o,verall decrea.s-e in sediment $1~e is noted 

do·wnstremn-. An increase in m&di:an gra.in-si,:,o is se-en in th-e 

sed:iment G-f' the main str&M1 below the mouth oC each tributa­

ry. Thi.s is attrtbuted to an increase in oomp-etenc.e caus.ed 

by the added velume of' water from ea.ch tributa!"y. 

The seditl'i&nt beeemes enriched i,n quartz and impoverish­

ed in feldspar down.stream. This 1s the result of both 

meeh.anical wear of' the :f'eldspar and progressive dilut.1on by 

quartz-rich se.diine.nt Crom tbe tribu-tari.es. 

l"h.e total number o'f' <i.if:ter.ent heavy minerals increases 

'1ownstr-eam, but there is 11tt1e change in the prr)pc>rtions et 

the ones .found consistently at e.ae-h locality. Diagnostic 

minerals :from. each ~-G-ttr-ce are evi.dent in the sedi.ment o,€ the 

main stream. 

with no change in mineral propor ti.ons vevtieally °'n 

e:ither of the two t ,e-rrace.s. or Crom one terr-aee to the- other. 



no sediment..ary criteria were f'ound to distinguish the ter­

races. The author b&lieves that the t&rraees :formed on 

une:011solidated material !it'!: the same a g e and origin by means 

oC the alternation 0£ stream in-eis1on and valley widening 

controlled by changes in elimat-e . 



I.NTRO:OtJCTION 

1.ooa~ion .!.!!S Description f.!! ,Area 

Geog raphy 

The area dlscuss,ed inelades the f'1oodplains and ter­

races of' the Arkansas River valley and its major trtbuta• 

ries from the head o-r Royal Gorg e in .Fre.mont County , Colo­

rado• to Dodge City in Ford County. Kansas {Pl. I) . These 

tributaries are Huerfano lU.ver an.d Cueharfts River in Huer­

fano and Pueblo counties, C.oloradoJ .Fountain Creek in Pueblo 

County, Colorado J A.plsb:a:pa River in Las J.\nima.s, Otero, and 

Bent counties, Colorado; Chac-uaco Creek 1n Las Ani mas Ceun­

ty, ColoradoJ and Twe Butte Creek in Las An11nas. a&ea , and 

Prowers counties, Colo·rad.o. 

The climate int.he area range.g from humia in the e.x• 

treme western part to semiarid in the easte-rn part . Raln• 

fall in the west averag es 2.5 inches per year and in the east 

about 18. wi'th a low 0£ 14 inches per year being Cound in 

the central part o~ the area. The Arkansas lU.ver and all oC 

the be.fore mentioned. tributaries are subject to occasional 

£1,eod., whieh greatly affects the distribution of" sediment. 



Physiograp:by 

The extreroe westel"fl borde-r of the area of' study is lo­

cated in the Southern Rocky Mo untain Province, the remai.nd.er 

is in the Gr -eat Plains Provinc-e. Th:e high-est elevation is 

about 7 • .500 feet above s-ea l ev-el alo-ng the Flue,rtano rd. ve-r in 

Hu-erfano County, Colorado. and t h e lo-west about 2.500 :te-&t 

at Dodge City, Kansas. nu, a uerf'ano Hi.ver ls the only major 

tributary 1n the area that rises in the Rocky Mount-aitu!. 

Altbottgb t-he Cuchara.s, Apish.apa, a ·nd the Purgatoire rive-rs 

rise at .g reat elevations in the Spa n ish Peaks area. t-hey are 

classi:fied as Great Plains rivers, because t h e peaks a.re n-ot 

The Arkan.sas River drops- 1n elevation from about S,-400 

2,,500 f'eet at D<Mige Oity. A longitudinal p rot'ile oC this 

reaeh of t he stream is sh.own in text Cigure 1. 

This re;Pert deals with the et'f"ects oC fluv1al trans-:por­

tation of' sedi1nent and the r&£1ection- of" vari•d sources on 

t-h.e sediment downstream. It also contains a discussio·n on 

d1.Cf'er-entia-tion oC terraces developed along the Ar ·k a1:isas 

River in western Kansas 'by means of sedimer.atole.gy. 

I.tis hoped that this paper will t h row additional light 
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on the sedimentation of river terraces, and on the prevalent 

co·noept. that there is great downsti·eam ehange in sedJ.ment 

si~e. 

There bas been, no speoif':lc s.edime-ntological stud.y on 

Cl!lvial deposits in this area._ but the terraces along the 

.Arkansas IU.ve·r 1n western !\arums have been mention-ed in 

publications b y Frye and Leonard (1952), Latta (1944), 

Slnitb (1940), ~aite (1942). and others. 

Many studi.es ba-ve been made on si ~ing and min.era! dis,. 

t:ribution along rivers in o'the.r areas, but only one ether 

investigation was £ound in which an attempt was made to oor­

rela1te terraces at various point• along a st.ream by criteria 

other than pr&f'iles. This study was made by Mathis (1,42) 

o-n the Colorado River or Texas. 

Withoat the advioe and criticism of' Dr . H. A. I reland 

ot' t h e Department ,of' Geology , Unive-rsity of' Kansas, tb.e sue• 

ees:s.fQl o:empletion of this paper would have been dl.ff'ieult . 

Appreciati<111 is also extended to nr. Elliot Gillerman and 

Dr . w. Kenneth t<Iamblin of' the Department of' (leology. Univer­

sity et' Kansas, who served on the advisory eommi.ttee and as• 

sisted in making tinal corrections. 



The author w1she-s to thank Mr. v. o. Fishel o'f' the 

tln1 'ted States <leolo.gical Survey for serving as adviser for 

the Survey, and Mr. o. K. Bayne of' the s tate C-.-eologtoal Sur­

v-e-y of" Ka.nsas and Mr . c. w. Lane oC tlle United States Geo-

1.o-gi.cal Survey :ror their advice and. critie1sm. 

Last, but by so means least, my wife deserves much 

credit f'or inspira~ion and dr-ive during this thesis study. 

W•re it not f'or her world.Ag unselfi1!!hly f'or our support , 

gradtui,te school 11,--ould never have been at.tained. 

~!bis s-tud.y was su:bsid1ae:d in part by the State Geologi­

eal Survey ef' Kansa-s. They f'urnished topographic maps, a 

pow&r aug-er,, .and automobile -expe-ns,e-s within the state of' 

i ansas. 
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SEDl:MENTOL.OGY 

Publications and maps dealing with the area were stud­

ied thoroughly in order to select signi:fi.Qant localities for 

study mor,e intelligently. The article by Smith (1940) was 

espe-cially h.elpful in giving loeali ties 0£ well•preserv&d 

remnants of' the terraces in western Kansas. ltield. work was 

done during the sunme-r of' 19.58 . 

Sampling t<1as d0-ne by means or- both bar1d and pow!!!lr auger. 

Use of the J)(}Wttr aug er was conf'ined. to Kansas. lt was used 

to take deep samples (up to 70 f'eet) in an attempt to deter• 

min.e wheth&r one te-rra:e.e lapped over anot,her . The samples 

taken with the power auger were used on1y in the attempt to 

d1ft'etent1.at.e the terraces. They wer·e not used in the over• 

all sediment sizing and mineral distribution study. 

A tot,al of 4) holes were bo red with the power auger in 

eight prof':il.es across the terraces. south ef' the Arkans-as 

River . These prof'iles were located. south &f' the following 

towns, Dodge City , Cimarron , Pierceville, Garden City. 

Lakin, Kendall. Syracuse, and Coolidge. 

Several hundred grams &f' sample were eollected as a 

C(>mposite for each 5 f'eet ot bole bored. An attempt was 

made to bore each hole to the maximum depth of' the aug er 

(70 f'eet), but in many cases thi,s could not be done because 



t'be auger became stuek in the h(')le. or reached t.'he water 

t ,able . l::f borin-g was eontir:a:u'Gd below the water table the 

sample ooea.m-e eontami1U1::ted by caving caus-ed by the ~1at•r, 

and f'nrt-her sampling was eon·sidered useless . A total 0£ 

a,095 :f'eet o'f: hole, was bored and . sampled. 

7 

Tho hand a.uge.r was used f'o:r- all other sampling and w.as 

'\ltalua'ble as a means of' g ,etting b-elc,w the soi1 zone and/0--r 

dune sand into the rtv,er deposited ,sand., Sampling lttce..11• 

t.ies were 10 to 20 miles apart along 'the Arkansas Mv-er. 

Three to f'ivo lo•oa.11t1es W'&N selected a.long ea.eh 'tributary. 

with t.he ex:cepti.en e:f F<n1nt.ain Creek. 

Sampling 1.<>calitte,s were pieke.d ,on the lower te-rreoe. 

:rather than on the :floodplain-, t& reduce the pc>s:s:1bility 0£ 

error 'iflhich ·might. be eaused by man-,made sedimentation ass&­

eiated with irrigati.on and dams . Several sample,s we.re takbn 

at each. locality in $rd.er t:o get a rep:r4!1·S&ntativ-e mineral 

and si-ze distr1b.ut1on Cor that area .. A t-~tal of 192 sampl-es 

ot se-v--eral hundred grams eaeb was taken at 46 1oita1it1-es . 

The several .samples taken at eaoh loeali ty by hand 

&tl@:e:t' were mixed in the laboratory tc obtain as nearly as 

pGssible a.n average ct: the sedime11t at each loca11 ty . iro 

<ii:i saggr~gation was necessary beeau.s-e o,f th,e unconsolida,ted 

nature of' the sands . Clay partieles 1.iwere· rent0ved by 
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de-eantati<>n and tbe e-ompo,site sample was then dried and 

sp1it down to 100 g rams. This 100-gram sample was sieved b-y 

means of' standard scr,e-ens on a Ro-tap machine into s~andard 

~entrworth grade-s1zes 0£ 2 mm. and larger, 2-1 mm., 1-• .s mm., 

.5-.2.5 mm ••• 2.5-.12:, mm., .125-.062. mm .• , and less than 

. 062 mm. A histogram and cuJUUlati.ve curve, was oonstruct-ed 

f'-or each of the eGrilp(;)site samples. 

The samples taken by pow-er auge:r were handled somewhat 

di.f1'erent1y. Each of' the S-f'oet samples from a given hole 

were &xami.ned under a binocular microscope and adjacent 

similar samples were mixed t:or .sizing. Olay particles were 

:r-en,oved by dec.antation and the samples were then hanfll&ti in 

the same mann·e.:r as those taI,~ with the hand auger. 

The particle si.ze .2.s:0--.12:, mm . was used f'or the heavy 

mi.neral determination :from both the band and p0wer auger 

s.amples. Thi.s t'r-act:1-on of the sample was reduced to 0 • .5 

gram by means oC a m:tcrospli t. The he,avy minerals were 

separated l!.9ith tetrabromethane and thus all those having a 

specif'ic gravity greater t-ban 2 .96 w&re, inc.luded. 't'h-e heavy 

minerals l'-<ero mounted in Ca.nada balsam and :)0-0 grains w.ere 

identif'ied and counted. on eaeh slide. Dryden ('fwenbof'el and 

Tyler, 1941; P • 99) bas shown that counts of' large numbers 

of particles are not essential £or accurate- r ,esults., and he 

suggested JOO fr.om a repr&sen·tati-ve slide. Table 1 shows 

the te-rminology used in the discussion of' heavy mi-n.-ral per• 

eentages. 



Table 1. Terminology used in d iscussion 0£ heavy mineral 
per¢entages ( Mo.dif'ied fr.om Evans, rtayma.n, and N:aj&ed) 

Percent 

60 to 
28 to 
1) to 

7 to 
4 to 
2 to 
l to 
½ to 

100 
59 
27 
1) 

6 
) 
2 
1 

Term 

Dominant 
Abundant 
Fairly abundant 
Very cemmon 
Common 
Fair 1 y COlDmO·n 

Searcc,e 
Rare 

All the composite samples co·ll&cted by both hand and 

power auger were exami.ned under a binocular mt.crescop:e to 

determine the quartz.•teldspar ratio. 

Si~ing .!!£l H0avy Mineral Analyses 

Huerfano ru.ver 

The sediment tound near the head of' Huerfano Valley 

(Pl. I,. loc. 1) has a meMan size, or ,SO pereentilG• of 

about 1.) mn. and the ratio of quartz to feldspar is about 

1120. "fhe dominant heavy minerals are black-opaqu-es . mostly 

magn·etite with some ilmenite. Hornblende, is f'airly abun• 

dan1; • Monag1 te is very common, which makes th& H.uerf'ano 

River unique in this study . Appendix t"igure A-1 illustrates 

the characteristics o:f this sample graphically . 
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The Cucharas River is a tributary of' the &terf'ano River 

and is here inaluded with it. 111.e headwater sediment of the 

CU.eharas (loe. 2) has a median size o-C about 1.:3 mm., with a 

quart~-t'eld.spar ratio of' 1,10. 'l'he dominant heavy tniner,als 

are bla.ck-opaques, mainly magneti.te and ilmen-1 te. Other 

heavy m-ine·rals are present in minor amountsJ garnet is f'air• 

ly common and all others are scarce to rare (App . Fi g . A-2} . 

Downstream from i.he mouth of the Cuebaras (lee. :J) the 

median si2.e of' the sediment along the Huerfano River is 

about 1.7 mm., an increase over that at the heads of' both 

the Cuobaras and Huerfano• valleys. The ratio o.C quartz to 

Celdspar is about 11.5 (App. Fig. A-J) . The dominant heavy 

minerals a,re black-opaques, chief'ly magn.etite and ilmenite. 

Hornblende is very common. garnet c-ommGn 1 monaz1te f'airly 

common, and others searee to rare. 

At the meuth oC the liue-rt'ano River near &Jone, Col,orado 

(loc. 4) • the med.tan si~.e el: the sediment is only 0.875 mm. 

and the quartz-1'eldspar ratio is la). The dominant heavy 

mi.nera.ls 0ontinue to be blaek- -opaques, with garnet and horn­

blende being very eomnon., and monaz,i te and apatite fairly 

common. Other heavy minerals f'rom this locality G-ecur in 

very minor amounts (App. :&'ig • . A. ... 4) • 
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Fountain Creek 

Samples :from Fountain C.reek were taken at locality ..5, 

just north of Pueblo . Colorado. The s-edime-nt along thi.s 

tributary has a median size of' about 1.:3 mm., witb the 

quartz-•teldspar ratio being 1.5 tl (App. Fig. A-,5). Among 

the heavy minerals , augite and blaclc•opaque-s were t~ound to 

be abundant, and hornblende f'airly abundant. Zi rcon is 

fairly common and all others t'ound are b1 minor amounts. 

Api shapa River 

In the headwaters of the Apishapa River (loc. 6} the 

sediment has a mecU.an si£e o-C a.bout 1.2 mm. and a quartz­

Celdspar ratio of 1.5 tl. The dominant heavy minerals are 

th& blac k•epaqu-esJ garnet is very commo-n; apatite, z1reen-, 

and monazite f'airly eonuno-111 and hornblende absent. The ab­

se-noe of' hornblende makes this lo-cali ty very unique (App. 

ng. A-6) • 

Downstream about 60 miles (le-c. 7) the sediment is v·.ery 

s1mi.1ar in many respects to that round near the head. The 

sorting and median si.ze of' 1.2 are about the same,. but th.e 

quartz-f'eldspar ratio has changed to 1,1. 1'he heavy mineral 

:freque-neies are also considerably changed. Black-opaque 

minerals are abundant and hornblende is f'airly abundant. 

Garnet remains eommen , with splume and apatite being t'airly 

common (App. Fig . A-7) . 
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At the mouth o'C the Apishapa River near Olney Springs. 

Colorado {loo. 8) , t.he median sime has de-creased to about 

0 .9 mm. and the quartz--:feldspar ratio i s 1 t 1.5. 'fhe s ,edi­

ment is s omewhat better sorted, as can b e see,n in app endix 

i't~ure ,A. ... ,8 . .Blaek!-0paque mt,,n-e.ral s ·remain abundant I w1 th 

hornblende being f'airly abundant and. sphene common. Garn-et 

and a p atite are Cair1y c-0mmon and epid.ote and staurolite are 

sc-aroe. 

Pur.gatGire R1ve·r 

Near the head of' the north f'ork of' the Purgatoire River 

(loc. 9) • sampling revealed a sed.1.ment with a median size of' 

1.5 mm. and a quartz-.feldspar ratio 0£ 1 a 1 (App. Jtig . A-9). 

\~lack•opaqueg are the do,minant heavy mi.nerals1 hornblend.e is 

very common. and e-p idote. garnet, and sphene common. 

Sed.iment at the head of' the south f'ork (l&c. 10} ts 

quite d1:ff'erent :from that of' the north f"orit . The quartz­

feldspar ratio is 1,1, as on the ncn·'th fork, but o-ver half 

the sample is g reater than 2 mm., r -esulting i n. a mean oC 

abeut 4 mm. ·!'he h eavy mineral eo-ntent is tn even .g r-eater 

c·ontras-t. Hematite and limonite. collectively, are the 

abnnclant h eavy u:d.ne-rals1 hornblende and black-opaque,;s are 

f'airly abundant• and garnet and sphene t'airly eammon. 

Leueoxene, anatase, and brookite are searc-e i.n this locali• 

ty. .Appendix 1'1.gure A•lO is a g raphical representation. 



Near TrinJ.dad, Colorado (lee. 11). downstream t"rom th-e 

union 0£ the north and south f'orks of' th& Purgatoire 1U.ver , 

the sed..iment has a medi.an size of" about 0.7.s mm. and a 

quartz-t'eldspar ratio o.C 1 ., 2.5. 'Abe sediment 0£ the sou-th 

Cork has tbe g reatest influence on the sediment oi' the 

Purgatoire River as sh0.1m by the heavy mineral contents& 

hematite-limonite. are abundant , black-opaques :fairly abun­

dant, and hornblende very commo.n. The other h eavy mine•rals 

present re:flecet the lesse.r i.nfluence o'C the n-orth :fork (Ap-p. 

Fig. A•l.1) . 

Localities between Trini.dad and the mouth of ttu,· Pur ga­

toire, near Las J\nimas. Colorado,, sho-r., a steady decrease in 

hematite and litnonite. with an increase in the percentage of 

black-opaques. At locality 12, up.stream f'ram the mouth of' 

the Chaeuaco Cree~, the hematite-limonite content still 

slightly ex<:eedsth.e black-opaques (App. I!'ig. A-12), but at 

1oca11 ty 14, downstream, the black-opaques slightly outm.un­

ber the hsrnatite-limo.nite {App. Fig. A-1!~) . 

Sedi1nent a1ong Chacuaco Creek {1..oe. lJ} shows a median 

size o.f' about O. 7 5 mm., with a qaartz-:feldspar ratio of 9 t 1. 

The dominant heavy minerals ar.e. the black-opaques; hematite­

limoni te are very oommon. Zoisite constitutes only one per­

cent c,£ the heavy minerals at this loeality, but 1ncr$&.ses 

considerably downstr0·am. ·r.ae tot;al heavy mineral content 

and other analyses o-C this looali ty are shown on append:ix 

.figure A- ·13. 



At the mouth &f the Purgatoire, River (1-oc. 1.S) the 

median si.ze ot' the sediment is about 0 .38 mm. and. the 

quartz-t'eldspa.r ratio 1s about 4: 1 (App. F i g . 1,) • Black­

opaque mineral·s are the abundant heavy mineralsJ hematite­

limonite are :fa.irly abundant, and z.o1site very commo-n .• 

Tt,o Butte Creek 

14 

The grain-size 0£ the sediment along Two- Butte Creek is 

the only oharaeteristic that chang ed to any degree . The 

median siS!,e do-creases f'rom 1. '.3.5 mm.. near the head (lo-e .. 16) 

to 0 . 48 mm. at t h e mouth (loe. 18) . The quartz-f'eldspar 

ratio remains about 9sl throughout the leng th of' this tribu­

tary and t h e heavy mine:ral content chang es very little. The 

dominant heavy minerals nre the black-opaques , but bemati te-

1:lmonite and garnet are very common. Graphical representa­

tions of' the samp11ng locations at head, intermediate, and 

mouth are shown respectively in a pp.endix figures A-1<5, A-17, 

and A-18. 

Arkansas River 

The Arkansas River tt1as sampled at 2.S localities t"rom 

the head ot' Royal Gorg-e, west o:f canon City, Colorado , to 

Dodg'8 City, Kansas e The sed i ment collected at these varieu.s 

loealities differed in response to t:tu, tributaries b ring ing 
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in new material . In spite -of' the fa.ct that several sample,s 

were taken in a g iven locality and were mixed in the labora­

tory in an attempt to g e-t a more repre.se-ntative S·a.t'llple • so.~ne 

of th-ese are eonsi:d-er-ed erratic because of' wide variation in 

sitte t'rom one 1oca1ity to another . The heavy mineral .e&n• 

tent remained {'airly r-egular and predictable . 

At the h ead of: Royal Gorge (l&c. 19) the median -size ls 

about -o . 3 mm. and the quart~-.feldspar ratio is 1.5 ,1. The 

black-opaqu& minerals are the abundant heavy minerals , horn­

blende is f:airly abu11dant and garnet common. Appendt.x t'ig­

ure A-19 illustrates this sample graphically . 

Samples tak en at the mouth o'l' the Royal Gorge (loo. 20) 

show so.me chang es :fr-om t.hose at the head of' the go-,r g e. Th.e 

median size has increased t ·o about 0.9 mm., the sample is 

better serted,. and the quartz-feldspar ratio is 1,8. Among 

the heavy Rdnerals. bl.aek-opa(lues and h:ornble.nde are, abun­

dant • garnet bas deoreas-ed.1 but is st:ill oo,mmo·n• and the 

others remain about the same (App • .Fi g . A•2.0}. 

A locality near Portland, Colorad-o (loo. 21) shows a 

reduction in the me·cll.an size to about 0 .75 mm . and a quartz-­

feldspar ratio ot ls 9 . Hornblende outnumbers the blaek• 

opaques, but both are still abunda.n-t (App. li'1g. 21) .• Garne't 

has de,creased f'urther- en1d 1s oontnl$n in this s-e.d1,ment .. 

sampli.ng just d-o-wnstream f'rom the mouth ot: the li'ouot.ain 

Creek (loc. 22) , near Pueblo, Colorado , s:hows the tn£luenee 
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0£ this tributary . l"he median size is greater t-han sand• 

sige. and. the qu.ar-tz-t'eldspar ratio is 114. This. ratio 1$ a 

-ref'lectio.n of.' the 1.5 11 ratio of: the Fountain. I.a the 

heavy mitierals» the black-opaqu-es. c·&nsid,erably outriumber the 

hornblende, both st111 being abttndant, and augite is common 

(App. ltig . A-22} • 

Less than 10 miles dewnstream from the m<n1th of' the 

Fountain (lee. 2)) the qu:artz-f'eldspar ·ratio is baek to 119 

and the me-di.an si..ze is 1. 4 mm. I.Uaok.-opaques are 4omi.nant , 

hornblende t'airly abundant, and augite f'airly e-ommo-n. Ap• 

pend.ix figure A-2J shows a graph o.C the heavy mineral con• 

tent and cwnu.lative eurve oi.' the s-ediment i"rom this laea11ty. 

Just bel-0w the mouth &'£ tb.e liuerf'an.o Mver (loc. 24) • 

n&ar Boen:& ,. Colorado• the 1ne(Ua·n size is about o. 8 mm.• and 

t -he quartz-f'e·ldspar ratio is 1 t·l (App. Fig. A-24) . Blaek• 

opaques are the oomlnant heavy mi.nerals1 hornblende and gar­

net are very common• and spbene common. Monazi to is rare,. 

and is a re:flectio-n o:f the sediment :from the. Hu.ert'ano Riv-er. 

At lo-cation 2..5t upstream f'rQ-m tbe mouth of' the Apishapa 

R1:ver• the medi an ·size diminishes to O . 4 mm.• the quarte• 

:feldspar ratio is 1:4 . and the heavy mineral percentages 

rema1n about tho s ·ame (App. :f i g . A-25) . Below the mouth of' 

the Apishapa (lee. 26) •• near Olney Springs . Colorado • the 

median siz.o 1ncr&ases to great,er than sand•size and the 

qu.artz-Celd·apar ratio ohang&s t-0• 1 • .5 cl. Th,e heavy mi.nerals 
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stu,,w very 11 ttle ch.M:g&• except £:or an increase in m.o:naczi te 

(App. Fig. A-26> . 

Mo great change was noted in tbe .sediment £or abo-ut 

6.$ miles east c .f lciuiality 26. The median size decreas-es 

steadily below the mouth o .f' the Apishapa River and a .t locali• 

ty 29. near Las Ani,mas. Oelorado and below the mouth of the 

Pu.rgat-oire ltivar. it is o. 4 lffil • The only in£laenoe of' this 

tributary on the maJ.n ehannot deposi.ts at this, looal-1ty i.s 

the incr-ease of' 43a.rtz ever f'eldspar to 4 11 (App. Fig. A-29) . 

The main e1't'ec-ts of" the sediment brought i .n by the 

Pu.rgatoir-e River were noted at loeati.on 30, about 20 miles 

bel.ow the mouth . Iiere the hematite-limontte and t.ois.ite 

·w·ere noted in t-he heavy minerals and the median gra1n•siz.e 

increased to 1.5 mm. {.App. Fi g . A-lO) . 

For about the nex-t 6-0 miles the median size fluctuated 

considerably• and also th.e per-e&ntages of blaok-opaqu-e.s and 

harnblendse . At locality 31 the medi:an s ·ize was 0 .375 uu. 

(App. li"'i.g . A-)1) • and 1c,-ca11ty J2 was 1.. 7 nmi. (App. 

Fig. A•Ja). At locality 3) the hornblende perce.nt!.\ge was 

great.er than that of the black-o-paqaes, bu.t 'both were still 

abundant (App. Fig • . A-)) ) . 

No s1gnif'1cuint e:f'Ceot of" Two Butte Or-eek was .noted in 

sedime'l'lt directly below tbe mouth , but at lo.cality 35t near 

C&@lidgo. Kans.as. the black opaqtu~ mine-rats had increased 

oonsi..derab1y beeau.se o,C the sediment: f'rom this tributary. 
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J rom Coolidge to Dodge City no maj'('}r -tribut.aries enter 

the Arkansas River a-nd there was no g reat change in the 

ohar:aoter ot' the sed.J.ment. It was n-eted , thou.gh, that be­

twe.an Lalcin (19'C• )8.) and Piereev-ille (loo. 40} ther-e was a 

steady ine-rease in the m.edian g rain-si.ze, accompanied by an 

increase in hornblende . l~'b.ether or net this relationshi.p 

would hold true el .sewhere or over a greater distance is not 

known because of' the entry -01.' tributacri·es with sediment hav• 

tng di.f'f'erent pe:rceatage:S of' mi.nerats. It mi.ght ti'arrent 

additional study downs-tream in areas without tributaries. 

The quartz-feldspar ratio ranged 1'rom )t l to 4 tl in t:hls 

area. 

Some downstream decrease in size was noted, though very 

slight . Sy plotting median grain-stze 0£ the composite sam­

ples versus the dis·tanoe of travel (Text !ri g . 2) • a small 

decrease may be s-een. Be,1-ow the mouth of' eaeh t .ributary an 

increase occurs in the median size• regardless of' the s-ii-.e 

of' the tribu,tary sediment . This i s believed to be the re­

sult o,r an i n-creas~ :in the ve-loeity and eolJlpOtenoe of' the 

main stream because of t h e added v-olu.r..1e of water from each 

tributary. 
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''!'h.e most pronounced effect o.f transportation on mineral 

distribution is 1.n the quartz-1'eld.spar ratio. Text :figure 3 

is a graph. of' the quart&-t'elttspar ratio al<H'lg the Arkansas 

River f'ro-m Royal C'-.:0rge to Dodge Ott:v. shcnrt.ng the peint of' 

entry oC ea-ch tribu-tary. On the Ut"St-raam e.nd of' the a-rea o·£ 

study the t'eldspar outnumbers the quartz signit'1cantly, but 

th·ere is a very rapid decline 1n feldspar downstream, and 

quart~ becomes th.-e most abundant. Pettijohn (19:S?, P• 125) 

states that f'eldspar ts supposed to be more susceptible to 

mechanical wear than que.rtz; hence sands during t;ransport 

w()culd be enriched in quartr. and i .mpoverlshed in feldspar. 

Results of' thi.s study are in accord wi.th the above .sta:tement 

of' Pettijohn. 

Th·ere is little change in the proportions of' the heavy 

mn·erals f:r-om ene locality t-o another. Variation betw&em 

1.ocalit:ies, is caused. by sediment :from tributaries, and prob­

ably from lo-cat sources. 

An increase .in the total number of dift'erent mine·rals 

was noted downstream. This slightly reduced the pn,,po,rt·to-.ns 

01' tb:e minerals t'ound -cons.1stently at each locality. 'Ibis 

is not evidence for a d&wnstream change in mineral propor• 

-tions caus,ed by selective sorting or abrasion,. bat is a pr&• 

gressive dilu:tion o:f tb• eoitsistent minerals. P,ett:ljohn 

(19,;. P • $6.S) states thet nsedlm,en.t t'rom a given source 
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a .re.a,. as it moves. out and away f'rom saeh area, mingle:s wtth 

an.d becomes diluted by mat&rials €rem o,ther areas Qr plac,e·s:. 

'Ihe constituents of such a sediment, it' they be distinctive 

or dif"f'erent f'r-om tho-se t.11.th which they m.in·g l•• are pre•gre.s­

sively diluted as they move out trom the souree area. The 

progress-ive dilution ot' a given constituent; ra-sults in a de• 

crease in said con·sti tuent . « 

T-wo r-ecogn:izable terraces- occur a .long the Arkansas 

River f'r-em the Oolorado,•Kan.sas border to '.Dodge City. n1e 

lower terrace lies abou-t S tc 8 f'ecet above f'l-oodplain level 

and remnants of t.'he higher t-errace lie about 15 to 2'5 f'eet 

aoove the t'1oodpla1n ( Smith, 1940, PP• 1.SO•lS.1). 

The t:errac&s were s·a.mpled by power auger in eight lt>­

oal:1 'ties south of ttu~ river (Pl. l) to determine i:t' they 

could be distinguished 'by any means other tha.n pro-tiles, and 

11' so, was there over·l-ap.. hles we.re bored along a prof'ile, 

pe,rpendioular to the river, beginning a.t the edge of tha 

lower te:rrace near~ti't the river and eonti.nued sGuth until 

the t.hieltness of' the dune sand prohtbl ted 'bG:ring ( Text 

Fi g . 4) • Bedroclt was not eneo:unt,er-e.d in any of.' tho borings . 

G1..,ade-stzes o-'f' tbe terrace material varied. considerably 

both h.:orizont.ally and ve-rti.eally, but t h ere was almost no 

change in proportions of heavy mi.nerals in a g iven :profile, 



G F 

E 

70' 

TERRACE 

Scales 

Horizontal: l inch• 2,000 feet 

Vertical: 1 inch• 25 feet 

C 

B 

Arkansas 
River 

Text Fig. 4. Section of Arkansas River terrace■ and distribution of auger holes at Garden City, Kansas 



nte quartz-•felds}:)ru· ratio also remein.ed about the game. i n a 

riven prof'tte . Appendix figures A-4:, throngh A• $4 show the 

analyses o.t: the sedinient Crom the Gard -en City prof'ile. This 

profile is typical ef' all the p ,re:fil0s b@red and is se--en in 

se-ct1on in t -e:xt :fig ure 4 . 

With no ehange in m•1neral propertions 1rert.1eally o-n 

eithe-r &C the two terrac es . o-r from one terracce to the other, 

t h& a.n·thor- t'ound no sedimentary eriteria to distinguish the 

te-n-ace,s . The lack: o'C d.if'f"er·enti.a-ti~ minerals in the bore 

h o.le,.s ind ieates that the t$rra.eed material is p robab ly of' 

t .h(!IJ same age an:d o:rigt.n . 'l'hus h istory o-C d.o-·wncutting , it•o-

1:oorph.1.c f'eatures , and d if'ff.-rentHts in elevatio,n ·are the only 

c r iteria f'or d .isting nish.ing the 'two terraces . '.fhere is no 

evid encie t.kat one terraee laps GV·er the oth 9or . 



CONC:L.USIO:NS 

The mo.st apparent e:f'f'eet ().f' fluvial transpo·r~ation 

n-ot&d in this study was the redu.etion in. the proportion oC 

f'eldspar do:imstre-am. l'he author considers: this the result 

e:f mechanical wear dti,a to the good cleavag& of' t'el.dspar and• 

po-ssibly more important • th.e progres-siv.e diluti.,1.n1 or the 

t'e-1dspar by .addition of ma:t.erials brott:gh.t in by tr1bt1t.aries. 

Results showed that t.here was ·very 11 ttle ov-u-all re-• 

dueti.on in the median size 1n the downs-tream diraet:ion. 1b.e 

slight decx-.ease in the med.iari si cze was probably due to the 

br&aking up et' r o-e.k f'ragments int:o the.tr comp0nent minerals . 

and t.h-e breakage 0£ easily o-leavable minerals such as feld• 

spar. '.fbe size deereas•e might also be the result of· the 

stream losing o.ompe-tanc,e d:o-wnstroam dt,t:r111g ti.mes of' greater 

Qrid:it·y . ~~ the s-tream lost volmne , it would alsc, lo:se 

veloc1 ty • and larger particles t~ould 'be deposi t ·ed. 1'1\is 

of'feet e-ou1d. be de-t.ermin-ed better by sampling over a greater 

:length 0€ the river. 

'f.be r et'leoti.on gf' d1Cf'erent sGurces wa.s very apparent 

in the sediment wit.bin reasonable d.tstance:s be.low the· mouths 

of' the tributaries . Because -o·f' progressive di1ut1en . the 

d1agnostie mi.n-ei-als lost mueh 0£ their s .igni.t'icanee af'ter 

great distances of.' travel . In the sediment of' the Arl'.ta:ns,as 

lU.ver, do-t-mstre-am t'"N'm the mouth of t.b.-e last tributary .stud-

1.ed, diagno-stio minerals could be picked f'rom eaeh source , 



but it W.f:Hlld be di.:ffi.-eult to ascertain amounts of sediment 

coming t'rom ea-eh source. If such a .study tfere to be und.1;1,r•· 

t ·aken it would be ~essary to make a preliminary study t-·o 

det.ermine min-erals eommo,n. t.o all ar-eas and not sperit'i.e-a:J.ly 

diagnostie. These conunon minerals sho-ald then be filisregard• 

ed and JOO grains of" ot;her minerals count-ad. 

The resul t -s of' deep sampling o~ the terraces i.n w:esctern 

Kansa:s indicate that they were f'ermed by t-he alternation o-t 

str1ffl!n ineisi.on and valley Wid--entng in a valley tilled trlth 

anc--on-solidated mate.rial.. The e:&ntrol £or this inc1 s.ion and 

wide.ming 1.s believed to he cllmat·ic, and not r:ejuvena.-tlon or 

me:l!lnde:riftg 0€ the str-o-am. 1"ectonic rejuvenatioti &>e;s not 

sat.i.sf'a-crterily explain the wid°'spread oceu-rre11ee and nn1-

f'-o-rmity o.€ the t-errae&s . To explain them by eustatic lower­

ing of' sea level would require hea.dward: migr-ation of' a 

lmick'l'O·int more than 1.000 miles f'rom th,e saa tor each ter­

rac~. The terraces are much tio-0 continuous t0 be the result 

ot: sitteward cutting by random meandering of the st.ream. 

The valley had p~bably b~an f'illed vii.th sedtfllent dur• 

ing a long period of extreme aridity by dopos1t-1en d:ue to 

the intermitt.ency &f' tbe st-rearo. -'I'he stream w0ald begin to 

downcu:t when it be-came through-1"1-owin,g and more compet-ent 

because of' increased humidity. 't'he incisi.on, made by the 

st-re-am. woul d become widened by mass-wastt.ng and slope re• 

treat when the st.ream was neither deg.rad.ing nor aggrading . 
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Another cycle o.~ increased hutnidity -would cause the st.ream 

to !l.nei.se. agai.n and to leave terrace·s in th& Widened valley. 

This process e<'>u.ld be repeated. and the retreat of the scarps 

weuld :form terraces at d1t'f'.erent levels. 
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App. Fig . A- 6. Analyses of sediment from locality 6 along 
Apishapa River near head. 



Quar t z. 1 
Feld s par • -1-

0 
0 
~ 

- II\ 
~ ('-

.c 
bO 

.,.; 
G) 

3 
- 0 

II\ 
~ 

C: 
G) 

0 
1-. II\ 
4l N 

0.. 

0 

I 
V 

I 
I 

J 

I 
) 

'I' 

...:t N ~V\11\ 11\ N C: 
•NN \O «I 

• ~ 0 0.. 

JJ 

0 10 50 60 70 
____ _,Black - opaques 

Hornblende --- - - +----+-- -f 
Garnet ----------------+---+--+----+-----+---+~ 

5 p hen e 

,-...-+--+---+----+-- --+----r 
Apatite 

Hematite-Limonite 
- -+--- +--+----+-- ---+--

Zircon 
Epidote ,_ ____ _____ ~Topaz. _________ _, 

Aug i te 
Mona z.it e ---------Z o i s i t e 

t----+--+---+--~ 
S i ll i manite 

t----+-- +-----, 
- --- ..---..---.F Kyanite 

Leucoxene 
t----+--+--...,,, 

Rutile 

Cumulat iv e Cu rve Percent Heav y Minerals by Count 

App. Fig . A-7• Analyses 0£ sediment Crom locality 7 along 
Apishapa River in Pueblo County . 
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App. Fig. A-8. Analyses 0£ sediment from locality 8 along 
Apishapa Ri v er near mouth . 
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App. Fig. A-9• Analyses of sediment from locality 9 on the 
north fork of Purgatoire River. 
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App. Fig. A-10. Analyses of sediment from locality 10 on the 
south fork of Purgatoire River. 
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App. Fig . A- 11. Analyses of sediment from locality 11 along 
Purgatoire River near Trinidad, Colorado. 

Quartz 1 
Feld s par• 2 • .5 

0 
0 
,-t 

-\/"\ 
~['-.. 
..c: 
!l() 
~ 
4) 

?t: 
-0 

\/"\ 
~ 

C: 
4) 

0 
~ V'\ 
~N 

ll. 

0 

V 
.,,,,--

I , 

/ 
I 

/ 

-

.::tN.-t\/"\\/"\\/"\N C: 
• N N \0 ell 

• ,-t O 0.. 

0 10 20 JO 40 50 60 

-,1--+----+---+-fBlack - opaques 
Hornblend e 

-+----+-----+---+-------1----1,----, 
Garnet 

----- -+----+----+----+----+---.' 
Sphene 

--+--~ Apatite 

....----+--- -+---+-----+--f 

Hemat i te-Limonite 
Zircon 

Epidote 
.,._______,,--1---1---1--_, Topaz 
P---t---+-------+--

Augit e 

1----+---+-- -+----+-,1' 
Mo na zit e 

Cum u lative Cu r ve Percent Heavy Minerals by Count 

App. Fig. A-12. Analyses of sediment from locality 12 along 
Purgatoire River, upstream from mouth of Chacuaco. 
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App. Fig . A- lJ. Analyses of sediment from locality lJ along 
Chacuac o Creek near head. 
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App . Fig . A-14. Analyses of sediment from locality 14 along 
Purgato i r e Rive r , b elow mouth of Chacuac o Creek . 
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App. Fig . A- 15. Analy ses of sedimen , f rom locality 15 alo ng 
Purgat o ire River near mo uth. 
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App . Fig. A-16 . Analyses of sedime~t f ro m l ocality 16 alo ng 
Two Bu tte Creek ner:r head. 
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App. Fig. A-17. Analyses of sediment from locality 17 along 
Two Butte Creek near Two Butte Reservoir. 
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App. Fig. A-18. Analyses of sediment from locality 18 along 
Two Butte Creek near mouth. 
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App. Fig. A-19. Analyses of sediment from locality 19 along 
Arkansas River at head of' Royal Gorge. 
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App. Fig. A-20. Analyses of' sediment from locality 20 along 
Arkansas River at mouth of Royal Gorge. 
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App. Fig . A-21. Analyses of sediment from locality 21 along 
Arkansas River near Portland, Colorado. 
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App. Fig. A-22. Analyses of sediment from locality 22 along 
Arkansas River below mouth of Fountain Creek. 
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App . Fig. A-2J. Analyses of sediment from locality 2J along 
Arkansas River near Devine 1 Colorado. 
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App. Fig. A-24. Analyses of sediment from locality 24 along 
Arkansas River below mouth of Huerfano River . 
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App . Fig . A- 25 0 Analyses of sediment f'rom locality 25 along 
Arkansas River near Fowler, Colorado. 
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App . Fig . A- 26 . Analyses of' sediment f'rom locality 26 along 
Arkansas River below mouth of' Apishapa River . 
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App. Fig . A- 27. Analyses of sediment from locality 27 along 
Arkansas River near Rocky Ford, Colorado. 
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App. Fig. A-28. Analyses of sediment from locality 28 along 
Arkansas River near La Junta, Colorado. 
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App. Fig . A-29. Analyses of sediment from locality 29 along 
Arkansas River below mouth of Purgatoire River. 
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App. Fig. A-JO. Analyses of sediment from locality JO along 
Arkansas River east of John Martin Dam • 
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App. Fig . A-Jl. Analyse s of sediment from locality Jl along 
Arkansas River near Prowers, Colorado. 
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App. Fig. A-J2. Analyses of sediment from locality J2 along 
Arkansas River near Lamar, Colorado. 
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App. Fig. A-JJ. Analyses of sediment from locality JJ along 
Arkansas River near Granada, Colorado. 
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App. Fig. A-J4. Analyses of sediment from locality J4 along 
Arkansas River below mouth of Two Butte Creek. 
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App. Fig. A-J5. Analyses 0£ sediment £rom locality J5 along 
Arkansas River near Coolidge, Kans a s. 
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App. Fig. A-J6. Analyses or sediment £rom locality 36 along 
Arkansas River near Syracuse, Ka n sas. 
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App . Fig . A-J?. Ana ly s es of s edime nt from loc a lity J 7 along 
Arkansas River ne a r Kendall, Ka ns as . 
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App . Fig . A-J8 . Analyse s of s ediment from loc a l i t y J 8 along 
Arkan s a s Ri v e r near Lakin, Ka ns a s . 
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App. Fig. A-J9. Analyses of sediment from locality 
Arkansas River near Garden City, Kansas. 
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App. Fig. A-4o. Analyses of sediment from locality 40 along 
Arkansas River near Pierceville, Kansas. 
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App. Fig. A-41. Analyses 0£ sediment from locality 41 along 
Arkansas River near Cimarron, Kansas. 
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App. Fig. A-42. Analyses 0£ sediment £rom locality 42 along 
Arkansas River near Dodge City 1 Kansas. 
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App. Fi g . A-4J. Analyses of lower terrace sediment from depth 
of 4-19 feet (Hole A, Text Fig. 4) near Garden City, Kans. 
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App. Fig. A-44. Analyses or lower terrace sediment from depth 
of 19-J6 feet (Hole A 1 Text Fig. 4) near Garden City, Kans. 
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App. Fig. A-45. Analyses of lower terrace sediment 1rom depth 
of 4-14 foet (Hole 8 1 Text Fig. 4) near Garden City, Kans. 
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App. Fig . A-46. Analyses of lower terrace sediment from depth 
of 14-24 feet (Hole B 1 Text Fig. 4) near Garden City, Kans. 
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App. Fig . A-47. Analyses of upper terrace sediment from depth 
of 9-14 feet (Hole C, Text Fig. 4) near Garde n City, Kans. 
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App. Fig. A-48. Analyses of upper terrace sediment from depth 
of 14-24 feet (Hole C, Text Fig. 4) near Garden City, Kans. 
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App. Fig . A-49. Analyses of upper terrace sediment from depth 
of 4-19 feet (Hole D, Text Fig. 4) near Garden City 1 Kans. 
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App. Fig. A-.50. Analyses of upper terrace sediment from depth 
of 19-24 feet (Hole D, Text Fig. 4) near Ga rden City 1 Kans. 
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App. Fig . A-,51. Analyses of upper terrace sediment f'rom depth 
of 9-24 feet (Hole E , Text Fig. 4) near Garden City, Kans. 
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App. Fig . A-52. 
of' 24-54 f'eet 

Analyses of upper terrace sediment from depth 
(Hole E, Text Fig. 4) near Garden City, Kans. 
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App. Fig . A-.5J. 
of 19-J4 feet 

Analyses of upper terrace sediment from depth 
(Hole F, Text Fig. 4) near Garden City, Kans. 
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App. Fig . A-.54. Analyses of upper terrace sediment from depth 
of J4-49 feet (Hole F 1 Text Fig. 4) near Garden City, Kans. 
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