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'.rhe benefits of education and of 
useful knowledge, generally dift'used 
through a community, al'e essential 
to the p"eservation of a f"ee govern­
ment. 

Sam Houston. 

Cultivated mind is the guardian 
genius of democracy. It is the 
only dictator that freemen acknowl­
edge and the only secul'ity that free­
men desir·e. 

Mirabeau B. Lamal'. 
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INVESTIGATIO~S ON ,]'HE RED RIVER MADE I~ CON­
NECTION \\Tl'H THE OKLAHOMA-'rEXAS 

BOF:':DARY SUIT' 

By 

1!l. H. SELIJARDS, R. C. 'l'HAHP, and R. T. HILL, 

I0:TRODUC'l'IO:,{ 

BY E. H. SELLARDS 

'rhe investigations which form the basis of the following 
papers were occasioned hy the necessity of obtaining scientific 
evidence in COlllH'ction with the Oklahoma-Texas Boundary 
Suit, and were made dnrillg' the summer and fall of 1921. T~ey 
were undet'taken at the request of the Attorney General of 
Texas and were eanied on joilltly under the direction of that 
department and tll<' State ReelamatlOll Department of Texas. 
These investigations \ycre made ill un effort to solve some of 
the problems that were at issue in the bOLlndary suit particularly 
as to the age of the alluvial lands of tbe river valley, and the 
habits of the river in building the valley lands. 

The Boundary Suit 

The boundary snit brought to establisll the line between the 
states of 'rexas and Oklahollla was of mOre than ordinary inter­
est by reason of the large property valnes involved, the consider­
able ccst of the litig'alioll, and the extent to wh;ch scientific 
invpstigatiom; were utilized. The value of the property, paTti('­
ularly the RlllaU part of it known to be oil bearing, can he es­
timated only in milliem; of dollars. The testimony in this case 
as submitted to the Supreme Court, exclusive of the attorneys' 

briefs, alld arguments, amounted to more than five thousand 
printed pages. This testimony was accompanied by about five 

.. 1\-ianuscript submitted .Tune 20, 1928; I)ubiished August, 19 23. 
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hundred photographs and more than one hundred original maps 
and charts, prepared especially for this ('ase. 'rhe cost of print­
ing' the testimony exclus~ve of maps and engravings was in ex­
cess of t.wenty-five thousand dollars. 'rhe total cost to the liti­
gants probably exceeded one-half million dollars. 

In its historic setting this ('ase dates back to a treaty he­

twren this country and Spain made hy ,John Qnincy Adams in 
1819, confirme(l in 1821, whit::h was intended to define the 
bOllndary line between the territory of the United States and 
Spain. A part of thiR boundary line is defined as following the 
('OllI"~e of the Red River (Rio Hoxo of Natchitoehesl) from a 
point due north of the place where the 32nd degrer of latitude 
intersects the west hank of the Sabine River to the 100 meridian 
of longitude. By snbse(]uent treaties between the United 
State,; and ::vrpxico, -the United States and the Republir of 
'rpxas, and by ellactmentR of the United States Congress this 
I ill(' lwrame the bonndary liYle between the States of Ok1a homa 
and Texas from the sOllthpaflt corner of Oklahoma to the 100 
meridian of longitude. As thus established the Red River 
form:-: the bonndary line between the States of Texas and Okla­
homa for fully 300 miles as measured in a dnect line, and for 
a much gl'eater distance (abont 539 miles) if measured by the 
meanders of the fltream. In the raSe of the Sabine Hiver, it 
was ~pecified that, the boundary line should be on the west 
hank; and of tbe Arkansas, on the !SOuth bank. But with the 
Hed River the boundary was merely described as following the 
comse of the river. 

As early as 1890, the meaning of this treaty, in so far as the 
Red River was eoncerned, was called into question and in 1896 
the Supreme Court, of the United States in wbat is known as 
the Greer County Case interpreted the treaty as making the 
80nth bank of the rivel' the boundary line. Following the dis­
eovery of oil at Burkburnett in 1918, and in the river valle,y 
in J919, the exaet plaee of thiR boundary waR caHeel into ques­
tion and snit was brought by Oklahoma against Texas to whieh 
the fhlited States became intervener, the objeet of thi's buit be­
ing to aseertain and mark npon the groulld the exact bonnd­
m'y line. In the fall of 1919 investigations were made in the 
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Red River valley by scientific expel ts employed by the 
United States Department of Justice. Following these investi­
gations the United States entered as an intervener in the suit, 
and the Supreme Court of the United States appointed a re­
criver for the properties pending a settlement of the case. 

SCIENTISTS l!JNGAGED IN THE INVESTIGATIONS. 

'The evidence present cd consisted of scientifi'c and lay tes­

timony. The maps, ineident and necessary to Texas in this 
~uit were madl.' under direction of Arthur Alvord Stiles, State 
Reclamation Bugineer. 'fhe topographers engaged in this 
"lork were: S. P. Floare, D. BI. PeniC'k, and S. T. Penick. 
Geologic investigations were made for Texas by E. H. Sellards, 
and R. 'I'. Hill; and ecologic investigations by B. C. Tharp. 
Chemical analyses were made under direction of E. P. Schoch. 
P. T. Sea:-:hore assisted ill the soil and other investigations. 
Certain of the land f>1ll'veys were made by W. D. Blackburn. 
'1'he panoramic views and some other photographs ,yere made 
for Texas by A. 1\11. Nash and L. P. Kramer. 

Scielltists engaged by tne United States and Oklahoma in· 
eluded L. C. Glenn, Isaiah Bowman, H. C. Cowles, L. L. Janes, 
and C, II. Miller. '1'he map making for the United States and 
Oklahoma was under direction of R W. Livingston, of the 
United States hllld Department, assi~ted by A. IJ. Banks, H. 
n. Craig, A. N. Kimmell and JiJ, I-I. Kimmell. Late in the fall 
of ] 821 and following testimony as to soil conditions given by 
the Statr of '1'exas, certain merrthers of the United States Bur­
rau of Soils were ealled into the investigation by the United 
St:ltes. 'rhe results of these soil investigations were presented 
hy H. II Bennett, B. H. Hendrickson, and L, B. Olmstead. 
Testimony relating to stream measurement's was given by F. 
:F'. Wilson, and relating' to early surveys by A. D. Kidder and 
N. B. Smeitzer. The evidence in full in this case appears in the' 
records of the Supreme Court of the United States.1 

'The State of Oklahoma, Plaintiff, vs. The State of Texas, Defend· 
ant. The United States of America, Intervener. No. 23, Original, 
October, 1920, and No. 20, Original, October, 1921, Vols. I to IX" 
5,513 pages. 
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While the testimOlIY in the case has been printed in full in 
the Supreme Court records, the maps, cha~tS', and diagrams 
are there reproduced only in part. Other exhibits, including 
photographs, soil and tree samples, and fossils are briefly de­
'Scribed in the published record. An abstract of the evidence 
J)oth lay and scientific is given in Part II of the Brief for the 
Defendant, 766 pages, publi5hed by the State of 'l'exas, office 
,of AttornE'y Geueral. An ahstra,ct of the scientific testimony 
'of the United States and Oklahoma is contained in an Appen­
dix to Brief for the United States and Oklahoma, f)23 pages, 
Government Printing Office. 

As indicating the scope of the investigations. there is here 
included a list of the principal original maps made by Texas 
and by the United' States and Oklahoma. The maps of this 
list prpceded by an asterisk are included in this report. The 
other maps not republishpd may doubtlpss be consulted in 
\Val'lhinbrton. ThOf':e made by TcxaR may also be eonsulted at 
the office of the State Reelamation Engineer of TexHK, 01' at 
the Hnrea\1l of Economic Geology of the University of 'l'exas. 

List of Original Maps Prepared by the State of Texas and by the 
United States and Oklahoma in Connection with the Oklahoma­

Texas Boundary Suit. Those Preceded by an Asterisk 
Repu blished in This R'eport. 

MAPS MADE BY TEXAS 

Outline map of the Red River valley from the ninety-eighth to 
the one hundredth meridian, five sheets, numbered 1, 2, 3, 4 and 
5, prepared under direction of Arthur Alvord Stiles, State Reclama, 
tion Engineer. Scale two inches equals one mile. Engraved in colors. 

Topographic maps: Grandfield Bridge, Big Bend, Devol Bridge, 
Brushy Creek and Gilbert Creek topographic sheets. Scale of maps 
one to six thousand (one inch equals five hundred feet). Contour 
interval two feet, prepared under direction of Arthur Alvord Stiles, 
State Reclamation Engineer. Engra'ved in colors. These topo­
graphic maps serve as the baSe for the geologiC, physiographic, soil 
and timber maps. 

"'Geologic map of the Grandfield Bridge topographic sheet, by E. H. 
Sellards and R. T. Hill. Scale one to six thousand. 1i1ngraved in 
colors. 

Geologic map of the Big Bend topographic sheet, by R. T. Hill 
.and E. H. Sellards, Scale one to six thousand. Engraved in colors. 
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*Physiographic map of the Big Bend topographic sheet, by E. H. 
Sellards and R. T. Hill. Scale one to six thousand. Engraved in 
~olors. 

* Soil map of the Big Bend topographic sheet, by E. H. Sellards, 
and P. T. Seashore. Scale one to six thousand. Engraved in colors 
, Soil maps of the Granufield Bridge, Devol ,and Brushy Creeks topo­
graphic sheets, by E. H. Sellards and P. T. Seashore. Scale one to 
six thousand. Engraved in colors. 

*Map of the timber growth, showing approximate distribution of 
trees in the Big Bend topographic sheet, by B. C. Tharp and E. H. 
Sellards. Scale one to six thousand. Engraved in colors. 

Map of the timber growth, showing approximate distribution of 
trees in the Devol and Brushy Creeks topographic sheet by B. C. 
Tharp and E. H. Sellards. Scale one to six thousand. Engraved in 
colors. 

* Age classification of land in the Gilbert Creek valley, by m. H. 
Sellards. Scale one to six thousand. Engraved in colors. 

*Reduced topographic map of the Big Bend area. Scale one to 
twelve hundred (one inch equals one thousand feet). This map' 
includes the Grandfield Bridge, Big Bend, Devol and BrUShy Creek 
topographic sheets, and is made from the large scale topographic 
maps. Contour interval two feet. 

Structural map of the northwest extension of the Burkburnett 
Oil Field. The structural features in this oil fi'eld are taken with 
permission from a map prepared by the Petroleum Division of the 
United States Bureau of Mines. On the original structural map 
has be'en indicated the position of the river valley and Texas bluff. 
Made under direction of Arthur Alvord Stiles. Scale one inch 
equals one thousand feet. Engraved in colors. 

Sketches and diagrams by R. T. Hill, as follows: (1) Natural 
provinces of Texas; (2) stream patterns of the greater Texas 
region; (3) 'Evolution of 'l'exas topography; (4) rivers of the 
greater Texas region; (5) rivers of the high plains and central 
provinces; (6) rivers of the great prairie belt; (7) rivers of the 
Nacogdoches and Corsicana belt; (8) rivers of the coast prairie; 
(9) suggestions of old coast belts shown by pa,tterns of stream 
junctions; (10) showing how one group of rivers apparently heads 
or encircles another; (11) map and profile showing the typical physi­
ography of the central section of the Red River; (12) cross-sections 
of the south bank of the Red River, snowing terraces and benches; 
(13) section across valleys, benches and terraces, south side of the 
Red River, Big Bend area; (14) diagrams illustrating work of the 
winds and building of dunes; (15) encircled river,s of the Texas 
region; (16) the entrenched sections oj' some of the Texas rivers; 
(17) the great bends in the rivers of the plains; (18) straightening 
meanders of the Big Bend of the Red River; (19) as the stream pat-
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terns of the sand plains of the Big Bend valley would look if it were 
an encircled stream; (20) cross-section Of Mulberry Canyon, a tribu­
tary of the Red River, showing the Miocene formations of the Sta.ked 
Plains. 

Maps showing- photograph stations in the Grandfield Bridge, Big 
Bend, Devol Bridge and Brushy Creek sheets. Station locations 
super-imposed upon topographie maps. 

"'Profile of moving sand dune in the Big Bend, by E. H. Sellards. 
Map showing location of soil holes, localities for fossils, soil tubes 

and cut trees on the Big Bend and Grandfield Bridge, by E. H. 
Sellards. The data contained on this map were subsequently trans­
ferred as follows: Soil holes and soil tube localities to the soil 
maps; fossil localities to the geologic maps; and cut trees to the 
timber maps. 

Graph showing relative fineness of top soils of dunes, by E. H. 
Sellards. 

Reconnaissance Survey of bends in the ::'labine River, from Orange 
to Hemphill, by S. B. Floore. Engraved in colors. Scale one inch 
equals 250 feet. 

Restoration map of a part of the Big Bend area, by R. T. Hill. 
Ecale one to twelve thousand. 

Aside from maps and charts there were introduced by 'l'exas: 
twenty-five soil tubes, illustrating actual thickness of soils with 
explanation of each; fossils from eleven localities including a 
skull of buffalo; sixteen tree sections showing the age of the 
timber growth; and two hundred and thirty photographs with 
suita ble explanations. Of the photographs forty-five were 
panoramic views. 

MAPS MADE BY THE UNITED S'l'ATES AND OKLAHOMA 

Outline map of the Red River. Twelve sheets covering the river 
from near Denison, Texas, to the west boundary of Oklahoma, "at 
the one hundredth meridian. Scale, two inches equals one mi',e. 
Made under direction of Robert W. Livingston. Blue print. 

Relief map of the Red River Oil Field, by Robert W. Livingston. 
Scale, one inch equals thirty chains (1980 feet). Engraved in 
colors. 

Cross-section of the Red River bottoms, by Robert W. Living­
ston. Blue print. 

Map of double cut off in the river, by A. N. Kimmell. Scale four 
inches equals one mile. Blue print. 

Cross-sections of the Red River valley, by H. D. Craig and Robert 
W. Livingston. Blue print. 

Profile of the Red River, through ranges 13, 14 and 15, west of 
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the Indian meridian, Oklahoma, uy Robert W. Living$ton. Blue 
print. 

Sketched vertical profiles of the terraces and flood plains of the 
Red River by L. C. Glenn, three sheets. Blue prints. 

Map of old alluvial area on the Red River, near Doan (Doan 
valley), by L. C. Glenn. Blue print. Scale, four inches equals onB 
mile. 

Map of Electra Bridge alluvial area (Electra Bridge valley), by 
L. C. Glenn. Blue print. Scale, four inches equals one mile. 

Map of the flood plain of the Red River, opposite township 5 S., 

ranges 15 and 16 W. (China Creek valley). Blue print. Scale, ann 
inch equals ten chains (660 feet). By L. C. Glenn, R. W. Living· 
ston and A. N. Kimmell. 

Map showing composite origin of the alluvial area in the Big 
Bend area, by L. C. Glenn. Blue print. Scale, four inches equals 
one mile. 

Sketch map of the alluvial area (in Texas opposite) township 
5 S., 12 and 13 W. By L. C. Glenn (Gilbert Creek valley). Scale, 
approximately six inches equals one mile. Blue print. 

Profile of the Red River from the east to the west boundary of 
Oklahoma. Compiled f"om data ta lien from railroad bridges ahd 
from war department maps. By Charles H. Miller. Scale, horizon­
tal one inch equals t"Wenty miles, vertical one inch equals two hun­
dred feet. 

Red River flood plain in Stanfield region, Clay County, Texas, by 
L. C. Glenn. Scale, four inches equals one mile. Blue print. 

Sketches illustrating life history of islands by L. C. Glenn. Blue 
print. 

Sketches showing relation of bluffs, flood plains and terraces, to 
river cutting, by L. C. Glenn. Blue print. 

Cross-section of south channel of the Red River during April 
high water, 1921. Blue print. 

Rainfall and drainage of the R,~cl River region, by Isaiah Bow-
man. Blue print. Hand colored. ' 

Dune roses by Isaiah Bowman. Blue print. Hand colored. 
Ecologic map (of a part of the Big Bend area). by L. L. Janes. 

Scale, one inch eqnals five chains. Blue print. 
Ecologk map (of the greater part of the Big' Bend area), by L. L. 

Janes and H. C. Cowles. Blue print. 
Flcologic map showing elevations in the vicinity of (tree) sam­

ple No.6, by L. L. JanEs. Blue print. 
Map showing location of certain trees. Blue print. 
Map showing location of soil holet\. Super-imposed upon the Big 

Bend topographic sheet made by Texas. Blue print. Scale, one to 
six thollsand (1 inch equals 500 feet). 

Soil profiles of the deep holes in the Big Bend area and Burk-



Hi U1t'ivel'sl:ty of '1'e~as B uUetin 

purnett Bridge area. Hand colored. Eight sheets. On profile 
cloth. Scale, one to six thousand (1 inch equals 500 feet). 

Soil maps of the Big Bend topographic sheet, a part of the Grand­
field Bridge topographic sheet, the Burkburnett Bridge sheet and 
Hamill Island, by H. H. Bennett and others. Hand colored maps. 
Scale, one to six thousand (1 inch equals 500 feet). 

Sketch map of a choked off channel in ,Hamill Island. 
Section through dune in the Big Bend area. Hand colored. 
Development map of the Red River Oil Field. Scale, one inch 

equals ten chains, by R. vV. Livingston. Printed map. 
Contour map of the Red River Oil Fields. Scale, one inch equals 

ten chains (660 feet). Contour interval five feet. Printed map. 
Contour map of a part of the Big Bend area, by E. H. Kimmell. 

Scale, one inch equals three hundred and thirty feet. Blue print. 
Contour interval two feet. 

In addition to the maps and diagrams, the Uuitr J States and 
Ol{lahoma scuhmitted sixteen samples illustrating the age of 
trees and about two hundred photographs illustrating condi­
tions' in the Red River valley. 

As a matter of convenience to the Court numerous published 
maps and records not included in this list were submitted by 
both parties to the suit. 

The Problem Stated 

Thronghout itR coursE' from the 100 meridian to the south­
eac:t corncl' (If Oklahoma the Red River flows in a valley en­
trenched between more or less well defined bluffs. rl'he width 
of The' valley between the hordering bluffs varies from between 
one and two milE'S at alHlnear the 100 meridian to scverall1lil~s 
in places in the lower reaches of the river. The height of the 
bordering bluffs varies from as mnch as 100 feet 01' more to 
.l vcr'y moderate hcig'ht of a few feet followed by a gentle slopD 
back to the higher lam!. The River Valley, a8 the term is here 
used, includes the land between the hordering bluffs consisting 
of the chann!"l or channels to which the river is confined at 
low water stages; a sand stretch or sand flat varying from one 
mile or more in width in placeR in the upper part of the river 
to a narrow brlt of sand or Rand bars in the lower river; and 
valley landR varying in heighth above the average water level 
and normally covered by vegetation. The sand flat in the upper 
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nVE'r and the sand bars in the lower river are overflowed at D, 

moderate flood stage and are free. of vegetation or nearly so, 
Although by the decision of 189fi, reaLfirmed in J 921, the 

south bank of the river had been ma'de under the treaty the 
boundary line between the two states, it remained to be deter­
mined what constituted the south bank of the river; where on 
that hank the houndary line should be drawn; and whethej' 

01' not the uoundary line had been affected by changes in the 
C011rse of the river during the one hundred years sill(~e the 
treaty was made. 

lWnch of the scieutific testimollY "as cOlwel'l1ed with the 
habits of the river, pal'tirnlarly in lmilclillg its valley Jane1s. 
'With rivers in general the v:llley lands of course are hllilt chiefly 
as the result of sediment:;; deposited on 01' against the existing 
lands. Thus an existing valley if it is being added to at all is 
added to and enlarged g L'adually by the deposition of sediments. 
In legal terminology the gradual addition of new land to old by 
tlw deposition of sediment carried by the water of the river is 
known as accretion, and it is ,a long established 1'ule in equity 
that when a river which forms a bonndan', changes its course as 
a reslllt. of land adiled by accretion, the boundary line changes 
with the change in the river. .lust where the channel of the Red 
River was located in the valley throughout the whole course of 
the river one hundred years Jlgo, whel1~ the treaty was made with 
Bpain, it is obviously impossible to determine. However, such 
changes as ha ve been made by accretion are immaterial, since 
in any cw;;e the boundary would follow the river. 

On the oth('1' hand it is an equally well established prineiple 
of law that where a. river changes, its course abruptly as in the 
cafle of an ox-bow (mt off, the land between the new and the old 
(·hannels remaini]]Q nu(listlll'bed, under these condition~ the­
houndary docs not follow the river in its llClW' channel but is. 
C()l1'~i I'1w(/ as Collowing' t.he channel a bandonec1 by the river. 
If therefore the Re!l River in making whatever (·hang-es it may 
have made throughont its course in the past one hundred years 
f'.illee the treaty was ma,de has changed by avulsion, then un­
der these conditions th(' hOlllldary line according to est.ablished 
legal precedellt must follow the old channel of the river of tilIl 
time \",hen the treaty was made. For these reasons it became 
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im]1ol'l1wt to cletplmille hy what pl'ocess the !'lvcr has il,:ilL 
additions to its -vnlle,v lalld and ill ",hat W<ly it has Ch[lllgt',l its 
chanllel. 

CONTE::\fTIONS OF THE UNlTFJD STATES AND OKLAHOMA. 

III tcstimony submitted in e01ll1Pction with the hmmclal'Y bllit 
fl{)'I,P of the s('iPll'liflis representing the Unite<1 8ta1p<:; alld Ok1a-
1'(JlI1H ~\lhmittecl the tlief{is 1ha1 in the IIpper paci ol' the Hpcl 
River west of tho west lille of Clay Conuty the valleys of 
th(' ]':yer :Ire IJlliit 11p and added to by a, })1'('(',",<; ,ll'pc1'i1>e,l <113 

"island huilding," the npw land heing first fonned in the hed 
of the l'iyP1' aR all iNl:ll1d all(1 fmiJsell11clltly att:l('I]('ll to the ma,iu­

lund. ll1l(Ier Hie terp1f{ o[ the tJ'C'nty all the iNlands ill the river 

were to be the property of thp United States. Henep newly 

fOl'llH'll i~hmc1s in the l'ivr1' would ohvicu,sly he the 11ropprty of 
He l :nitecl Statc~ and preslll1lably ,H1111d continue t,o be the 
propei'ty of tile United Ntates after' their 1lnion wIth thc maiu­
lmld. 

fi the "i~la1l(l thcOl'~'" R110nld be a(~cepted there would still 
l'pmain the diffielllt problem of deternlining' how much lanel 

hac1 heCl1 aelded in this way within the paRt one huml1'ed .veal'S. 
Howev('r Rome of thc srientistFl represcntillg' tlw Unite(l StateR 
and Oklal,oma estimated that thp destl'11Ct.ion of the banks and 
huilding' of new lands pro(>,]'csRcd at such a rate that all of the 
valleys ill the uppn (,OUl'Ne of the rivm' with minor exceptions 
l18d 1)('('11 (ieNtl'oyrcl and remade within the past ('ent1ll'y, 

The thC())'ies <l(lvanced, if snstailled, would have resulted in 

pla('ing the state bounc1ary lilw at or nem.' tlw foot of the Texas 
hll1ff, thllH tlnowing' p1'8l'1ically all of thc l'ivPf' valley land of 

tIl(' 1l1lpel' pnl't of the l'i\'P1' into tite State of Oklahoma. rrlwt is, 

lllldcl' this inierpl'rlatioll rl'exa,s comd.antly loses by erosion of 
t1l(' banks, hut 11eVe1' gains hy depositioll of the er'odeel sediments, 

the rate (IE lORf; progressing' with sneh rapidity that practirally 

ill(' whole of the valley land ill the npper stl'Ptclics of this l'iver 

has brrn lost to 'L'exas within all interval of OIlP century. 
The illn'stigatioml cC'ntel'ec1 on one partirlllm" part of the 

rivel', kllow1l as the' "Dig He1ld" 11ear Burkl111l'lIcitill \Vichita 

County, thl' land in i his IJcll(l having hc('ome vrry valnahle by 
reaSOll of the c1i~eo\'el'.\' of oil nnllerlyiw!: thr l'ivC'l' yalley. The 
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iIlYe:-,tic;atiollR, [lOWey!'r, were hy 110 mCaJlfl confined to this bend 

lJnd it is ill lJny case recognize(l by all Pal'tICS that tho 111'inci­
pIes, whi('h apply to l'i\'c1' action nt this locality a1)1)ly like­

wise to 1hc upper Rtrctehes ot the rivcr, With l'cspcet io the 
"Big Bend" it ~\Vas held by at lenst ono Neientis,t representing' 
the t-nitccl StatoR, a11(l Oklahoma, DT,H, C, COiyleN, that at the 
time of tIle treaty with Spain one hundred years ago, the 
channel 01 the river in ihi[o; hewl fto~wed at the loot of the 

TCXil~ hlnI'f, Othcl' f;cicutii';lSO 1'r1Jresc1l1i1lg tbe TTllited Stat.es 

and Oklahoma, including' D, (', Glellll, J saiah B'owman, and C, 
T-T, Millr]', 111<1('('(1 till' river of onr hundred years ago near, hut 
no1 artmlll,\' ~It 1he hlnfi'. These claims with respect to the "Big 
Deud " \\'e I'e) made notwithstanding the fact that at the present 

timp the 1'iYer valley at lh is locality iN in excess of one mile in 
\yi(lth nt its wide>:L part, the rivpr now flowing at lhe foot of 
lhr Okl8homa lJIllJ'f op]1oRite tll(' hem1. TreeR in this valley in 
e:'\.C(,NS of OlW 1111llc1re(1 yran; of n~e \\'('re said hy the eeologiRts 
n~pl esenting' the United States io have had their ineeption on is­
lalld~. '[,h('~r contentions, if ,c'i\1l'tained, would have placed this, 

ns well,)" 01hcr TexRs valleys, in the State of Oklahoma. 

CONTENTIONS OF 'l'HE STATE OF TEXAS. 

'1'he State of 'rexm" on the other hand, maintained that neither 
the ned l~iver rhm1l1cl, nor lhe sand stret('h whieh horclrrs the 
channeL llO], ally part of the, rhannel or' sand ::;tr('teh lay adja­
cent to the Texas hluff in the Big Bend area so recently as 

\\'ithin niP 11as1 Olle hUlldl'rc1 ~'ears. Vlfith regard to changes 
in the COUl'S(, of the rivcr, it was' eontcll!lec1 that in this river, 
m;; in other rivers, the (~hall!!e 1lirollghOlIt the en1il'e course of 
1he riypr ()(~c'l1l'S ill som(~ im:tances by erosion and aceretion 
and ill ~omc im;;tances by avulsion, and that normally in thi:> 
rivr1' \\ II('t'C th(' lam1 is heing built np, as hos bern <lone in the 
past m(es in the Big Bend an:a, ihe change of the course of the 

rinl' 1<' by erosion allc1 accretion, 'rhe larger valleys are re­
!.;'arrkc1 £Ie; in gpneraI pXl'eeding one hnnclred years in age, at 
least in t1wll' older 1ancls. 1\1'01111(1 the original 11nclem: of tIle 
'1';]11('.'-<.:, in most inslmw('R, 11 ewer lands have heen added from 
t inw to iimp, the C'ontl'oll i11.(; b~lilcling pl'o('ess being by acerc-
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tion. Ecologic studirs indicate that the older portions of the 
Big Blend and other larger valleys have reached the climax 
stage of plant development, in tlli::, respect agreeing' with the 
adjacent terraces and uplands. Under this interpretation the 
'valley lands on the south side of the river belong wholly to 
the State of 'l'exas throughout the entire course of the river 
where it forms the boundary. 

The evidence preseJlted in this suit may be cIm;,sec1 as: (1) 
Physiographic, including' diRcllssion of the physieal featnI'f's of 
the valleys, :meh as sand clunes, their age and habits of build­
ing and shifting, sand bars, back valley stremns, marginal fans, 
old stream ehanncls and interdune c1epresRiolls: (2) geologie, 
including disc1lssion of sedimentation of river' valleys in gen­
eral, and sneh evidence as wa's a.vailable from iossillS, partic-
1llarly tl1e mom or less well mineralized bones o£ the buffalo 
and other animals formedy living in the valleYR; (3) agro­
geologic, including thickness, method of aecnmulation, age in­
dications, a.lteration and suecession of soilsl; and (4) ('cologie, 
including l'elation of the vegetation of the valleys, to that or the 
npland, as ,yell as thel agp indicat.ion of the timber, ::;111'11 hs and 
herbaceous vegetation of the va.lleys. 

The Decision of the Supreme Court 

Under the decision rendered hy the Supreme Court the river 
valley land up to the margin of the< sa.nd bed of the river re­
mains in the State of Texas, while the sand bed of the river to 
the middle of the channel is adjudged to he the property of the 
United StateR. 'rhe" cut bank" along the southerly side of 
the sand bed constitutes the south bank of the river, and the 
boundary is on and along that bank!, The "Big Bend" is 

"The term "cut bank" which appears in this decision is a term 
introdnced and used in the testimony as a convenient term applied 
to the more or less pronounced bank or declivity which borders the 
sand flat of the river and as a rule l~mits growth of vegetation 
towards the river. In some places this bank or declivity is scarcely 
perceptible, elsewhere it rises abruptly to an elevation of from one 
or two to fifteen or twenty or twenty-five feet above the sand fiat, 
the maximum elevation being usually occasioned in part or entirely 
by sand dunes. The "cut bank" of the testimony and of the deci­
sion is therefore the place at which tbe vegetation covered land of 
the valley gives place to the sand flat of the river. 
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recognl;\ed as being larger now than sixty years ago, the en­
largement being by accretion. On the onter part are physical 
evidence of the formation being comparatively young, and on 
111e imler of heing olel. 'l'he boundary ill the Big Bend as else­
where 011 the river if'( placed at the (~nt bank, arollnd the lHH'th­
erly limits of the valley. 

Relation of the Decision to the Seientific Ttestimony. 

The I'elatioll of the decision to the s(:ientific testimony IS 

sml1mal'ized in the paeagl':Jphs which follo·w. 
'l'he 1l1'i l l{'il)al lJ1lm;tiollR at. isslle ill this sllil, ill so far as the 

scientistR vn'l'e concerned, were tlle habits of the river in build­
in!.': jls valley lcmdsJ and the age and permancy or the river yal­
leys. 

'I'll r Sll])reme Court's decision, in so far as it relates i 0 i he 
method of lmilding, is that the river valley land i.s built hy 
aCl't'etion and that: the Imv as applied to rivers ill general ap­
plies likewise to this river. This decisi.on i.s in accordanee with 
the scientific testimony given IJY the State of Texas, aeeom­
panied by descriptive statementR and a photographie reeord or 
the river. It is in direet oppoRitioll to the main contention 
of the scientists representing the United States and Oklahoma 
who maintained that the river valley land was :61'st built in 
the form of islands and afterwards added to the mainland, 
this being the "Island Building 'l'heory" as developed by 
them. 

The s('('eJl]c! important contention of scientistSI represent ing­
the State of Te·xRs WfiS that the B:ig Bend v~lley ill v\'i(,hi lU 

County ill its present form, aside from additions by accretion, 
is more than one hundred years old. Some of the SI~i{'l1t isis 
representiTw: the United States and Oklahoma 1)]1 tile other 
hand milintaincd, first, thRt there are no appreciahle wlditiollS 
to tllis 01' other valleys in the upper part, of the river by a( c1'c­
tion, and that one hundred years, ago a channel of the l'rl7er 
flowing llPar the Texas bluff separated the land of the Big 
Relld yalley from the mainland. Thel decision of the Supreme 
Court is that there is no adcquate proof that a channel flowed 
near the rl'exRR hhlff on(' hundred years ago. 
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'l'he fnrthcl' contention advanced by some or the scicntis1s 
repn'senting tho United State8 and Oklahoul'-l tp tl]() dEed that 
tho destructive work of the river proeeeds with such rapidity 
as to destroy and remake all valley:;; on the uppor river within 
the oue hundred yeal'S that have intervened since the treaty 
was made is dis'posedr of so far as this suit is concerned b~' that 
part of the decision of the Supremo Court which holds that the 
building' processes of the riverr are by ac'cretion. Lnder the 
law the methlod of adding land and not tho mtG! at which it is 
added is, the determining factor. 

Ecologists represonting the Unitod Statos and Oklahoma, Dr. 
H. C. CowleS' and L. L. ,r a,nes, mailltained that the numerous 
and well scattered trees in the valley foru.nd to be mOTe than 
one hundred yea,rs old aU began their growth on islands and 
that these islands werer 'SlUbsequenHy united to the mainland. 
rfhis testimony in regard to trees 011 islands, the Supreme 
Court concluded was "speculative and not a propel' basis for 
judgment. " 

Some of the scientists representing the United States, par­
ticularly Dr. Bowman, went extensively into the discussion of 
the actual and relartive stability of the rivcr vaHey land, which 
wafl intended to' apply on the question of wherre along the bank 
the boundary should be drawn, it being the (~ontention .of the 
Attorneys representing the United States and Oklahoma that 
]a,('], of stability in the valley lands wO'uld necessitate placing 
the boundary line for thifl reason, if for no other, at or near 
the foot of the 'l'exas bluff. In placing the boundary on and 
along 'the cut bank tho Supreme COl1l't disposed of any conten­
tiolls as to the instability of the river valley land in ::;0 far as 
the placing of the bounda1'Y is concerned. 

Attorneys, representing the State of Texas maintaincd that 
rights inherent in the treaty guaranteeing aCceRS to the 
river water placed the boundary line at low' water mark in the 
river. In the scientific testimony, Dr. R. T. Hill expressed 
the view that th(' sand plain 01" sand flat which lieS' adjacent 
to the channel is to be regarded as a part, of tIler flood plain Df 
the river, and that the bank of the river is at the line of con­
tart of the water .and the land. Om of thel judges of the Su­
preme Court, MI'. Jm;ti-ce McReynolds, in bi.s di.ssenting opiJ1ion 
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supports the eontelltioll of the 'rexa". A ttorneysi. 'l'his conten­
tion, however, was Hot sustained in the majority O.pillioll of the 
Court. 

It is thm; f;cell that with the 011e exception noted the conten­
tiom advanced by the State of Texas arc sLlstained in the de­
ei:-;ion of the Supreme Court. 

Extract from the Decision of the Supreme Court of the United States 
in the Case of Oklahoma vs. Texas, United States Intervener, 

Rendered January 15, 1923, pP. 10-14. 

The following extract includes that part of the opinion of 
the Snprcl1w Conrt relating to questions involving' scientific 
testimony. 

"The valley land always bas been dealt with as upland. The 
United States surveyed and disposed of that on the north side under 
its public land and Indian la ws, and Texas surveyed and disposed 
of that on the south side under her land laws. Both treated the 
cut banks as the river banks ancl carried their surveys to those 
banks, but not beyond. Patents were issued for practically all the 
land. Individuals freely sought and dealt with it as upland. Much 
of that on the south side was disposed of by Texas fifty years ago, 
some of it seventy. Thousands of acres on that side were illlproved, 
occupied and cultivated under these di.sposals, and larger acreage 
was occupied and used under them for pa,,1.u],8S. Through the long 
period covercd by this course of action there never was any sugges­
tion that this valley land was part of the river bed, nor that the 
shifting elevations of sand within the sand bed were the river's 
banks, nor that the land on the south side belonged to the United 
States. Not until some land on the south side and part of the river 
bed were discovered to be valuable for oil was this unbroken course 
of action and opinion drawn in question. However much the oil 
discovery may affect values, it has no bearing 011 the q\lestions of 
boundary and title. 

"Our conclusion is that the cut banI, along the southerly side of 
the sand bed constitutes the south bank of the river and that t.he 
boundary is on and along that bank at tlte mean level of the water 
when it washes the banI, wi1 hout overflowing it. 

"The boundary as it was in 1821, when the treaty becamo 
effective, is the boundary of today, subject to the right application 
of the doctrines of erosion and accretion and of avulsion to any 
intervening changes. Of those doctrines this Court recently said: 

"It is settlod beyond the possibility of dispute that where running 
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streams aro the boundaries between StalEs, the same rule applies as 
between private pl'Cllrietors, narnely, that when the bed and channel 
are changed by the nai ural and gradual processes lmown as erosion 
and accretion, the boundary follows the varying course of tho stream; 
while if the 81 ream rrocll any cause, natural or artificial, suddenly 
leaves its old bed and forms a new one, by the process known as an 
avulsion, the resui ting cllango of channel worl;:s no change of boundary, 
which remains in the middle of the olel channel." Arkansas v. Ten­
nessee, 246 U. S. 158, 173. 

"Oklahoma and the L"nited states question the alll1licability of 
the doctrino of erosioll and accretion to this river, particularly the 
part in western Ol{lahoma,~··and this beeause of tbe rapid and 
material changes effected dlLring rises in the river. But we think 
the*l1abit of this river is so like that o[ the Missouri in this regard 
Lhat the ruling relating to the latter in Neuraslca vs. Iowa, 143 
O. S., :i5!J, 368, is controlling. * " * 

"Common experience flUggosts that there plobalJly have been 
changes in this stretch of the Red River sinCe 1821, but thoy cau­
not be merely conjecturod. '1'he party asserting material changes 
should carry the burden of proving tltem, whether they be recent 
or old. Some changes are shown here and conceded. Others are 
assorted on one side and deniecl on the other. 

HA controverted one is ascribed to the so-called Big Bend area, 
which is within the oil field. That area is now on the south side of 
the rivor ancl connected with tho bluffs on that side. Oklahoma 
and tile Unitecl States assert that in 18~J a channel of the river ran 
between it ancl the bluffs and that the river has since abandonou 
that channel. Texas denies this and insists that the situation in 
1821 was practieally as now. Stimulated by the largo values in­
volved, the parties have exhausLed the avonues of research and 
llpeculation in presenting testimony thought to bear on this ques­
tion. The testimony, particularly of: the experts, is conflicting. Jt is 
so voluminous that it does not admit of extended statement or dis­
cussion here. We can only refer to important features and give our 
conclusions. 

"'1'l1ere are no surveys or records depieting the situation in 1 R 21; 

nor are there any human witnesses who knew this part of the river 

then. But there are inanimate witnesses, such as old trees, which 
tell a good deal. At that plaee the river makes a pronounced b llt 
gradUal bend to the north and back to the south. The area in 
question is on the inner side of the bend. It is larger now than 
sixty years ago, but how mneh is uneertain. The enlargement is 
the result of intervening accretions. The habit of the river is to 
erode the outer bank of a bend and to acerete to the opposite bank. 
Three surveys exeeuted by Texas in 1856 and covering less than 
the whole area disclose the presence at that time of over 1700 
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acres. On trle onter part are ]Jhysical evidences of the formation 
bcing cOllll,arHtivcly reccnt. On the inner part are like evidences of 
the tormation being old, among them being the presence of living 
irees more til an a century old. One of the trees, a pecan, attained 
an age ot 170 years. A part o[ thc area was cultivated and the 
remainder used for pasturage as early as 1 is 77. At that time there 
were more trees Ulan now. Many were taken by early settlers for 
fircwoorl, tencing 110s1s and building logs, some logs being over three 
feet throngh. '1'0 ovel'l:ome tile inference arising from the ]Jresence 

of the old treus, which were well scattered, testimony was 111'e­
SeIILed jo show that in 1821 these trees were all 011 islands, which 
aterwarc1s were consolidated amongst themselves and with the land 
on the south side. vVe Lhink this testimony is essentially specub­
tive and llot a ]Jropel' 'basIS for juc1glllC'nt. In this area, as else­
whel e in tlle valley, a succession 01 depressions is found at the 
foot of the bl\lffs and some testimony was prol1llcell to sllow that III 

1821 the river, or a part of it, flowed there. It may be that the 
river was thpl'e long ago, but the testimony that it was there in 
1821 is fa l' from convincing. Texas has been exercising jurisdic­
tion over the area and asserting proprietorship of the soil for mO!'e 
.uwn half a century and has surveyed and disposed of it all, ihe 
efLrliest (Lisl1oSals being in 18G6. Some of the later surveys seem to 
conflict with those flrst made, but all name the river bank as a 
boundary. In those or 18i> 6, and possibly others, it was the con­
trolling call. See 3elmackenberg VB. State, 22U S. W., 934; Cordell 
Petroleum Co. vs. Michna, 276 Feel., 483. The jurisdiction and title 
of Texas stOOl] unchallenged until shortly beforc tile snit. OUI' COll­
clusioll is that the claim that tIle ri vel', or any part of it, ran south 
of this area in 1821 is not sustained. So the boundary follows the 
cut bank around the llortherly limit of the area." 

(TllClr]' this, derision all or the riYC1" valleys on the Texas side 
incl11llillC( grazing aml farming lanels and homes remain in the 
8t:11e of 'l'exas throngl1011t the entire conf'~e of the river where 
j( formq t11e hOllnrlar~'. Of tlle oil w('lls involved ill the contro­
Vel'liy the greater nmnber ine1nding all of those located in 
till' river valley nre restore[t to 'l'exas ownership, whi1c 

:1 «llJlliler num'l",r loC'atl'd ill the' hed of the 1'iYer become the 
propPl't~· of the United St:1tl's. 



GEOTJomc AND SOIL S'rUDIES ON 'rHE ALLUVIAL 
LA~DS OF 'l'HB I=tRD InVEIt VALLEY. 

BY EJ. H. SELLARDS. 

The writer'8 Oll8el'VRtiollS on t,1le alluyial lauds 0 E the Red 
River valley were mal1e in detail in a limited area known as 

the "Big Bend," located in Wichita Connty, near Burkbnr­
nett and occnpied in part by the northwest extension of the 
Burkburnett oil field. The observations made in this valley, 
hO\yevcr, were subsequently (~hecked by observations on the 
valley lalldH on the river, both a,boYe and below this locality. 
At the time these, investigations were made the boundary linc 
on this river hetween Texas and Oklahoma was· in dispute, the 
object of the inve.stigation heing to contribute information of 
serVl(~e 111 determining this boundary.' 

GENERAL CONSIDER.ATION. 

'l'lte Red River takes its origin in the high plains of "\V cst 
Texas, some of itR trihutaries originating in northeaster11 New 
~rexico. From its, head-vvatC'rs to the northeast ~orner of Texa~ 
the c1irf'etion of flow is in the main slightly south of east, 
<llthough locally and for a distance of some miles it may (le­
part from this course. After passing the 110rtheast corner of 
Texas the river turns s01t1h to Shreveport and thence makes 
its WHy in a southea:,;teriy direction to the Mississippi Riyer. 

In its long' course, this river and its tributaries encounter 
wide diversity of climatic conditions as well as varying for­
mations tlUOllgh which it ltas cut its channel. '1'hc series of for­
mations cut through Lly the river illclude the 'l'ertifLry forma­
tions of t.he high plains of '1'exas, t.he outcropping edges of the 
Triassic ~nncl~i one, the red beds of the Permian System, slOme 
of the npper Pennsylvanian formations, the Cretaceous sCories 
of northeastern Texas, and the Tertiary and alluvial deposits 
of LO'llisialla. '1'he eharacter or the Rec1imentsl and the lay of 

'The writer's testimony will be found in full in the Supreme Court 
records in this case, Vol. VII, pp. 3800·4054; 4057-4197; 4199-4219; 
Vol. VIII, pp. 4221-4238; 4634-4660; and 4834·4856. 
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the fOl'mations as well as the elimatic ('.onditions have without 
doubt influenced the ('our~e aUll directions of the stream and 
the character of the l'iver valley and stream bed. '1'0 some of 
these features it will be llecessary to refe~· subsequently. 

TERRACES ON THI<J RED RIVER. 

'1'he age of the Red River as a drainage system is indicated 
by the depth and width of tlw channel or valley that it has cut 
illto the formatioJ]s ovcr whi('11 it £low's. The valley of the river 
Lies (we huncheel feet or more below the adjacent. uplands. In 
",iath the valle~T yaries frOlll OIle 01' two to several miles. '1'he 
history of development of the river valley is recorded ill the 
alluvial deposits, remaining as terraces, that it has built up in 
and at the sides of its yalley. Remnants of these alluvial de­
posits, baek to an early elate arc at phwes Ip£t, at lhe ~icles or 
the river cl1annel. 'I'he oldest of ilw.,e terraces arc th0se whic~l 
now lie at 01' nea,r the top of the pl'esl'Jlt river hlufi', awl r",~'ll'(i 

a tlmr 'when the 1'iyor was ,\orking at a level of between sevpnty 
and one hundred feet; above its 1) resent level. At s\lc(~esi'>ively 

lowel' levels are oihe1' tel'J''lces recol'dinz later stages in the 
down eu1tlng of the river chanuel and the development of' the 
rlvpr valley. In the cut made hy the: puhlie road leading down 
the hluff from n:ridgeiowll in vViehitn Connty may be seen an 
pxcpllent exposure of the materials of this high terrace consist­
ing of loess with gravel layers at the base. Somewl1at helow the 
middle of the bluff there is seen on this road remnants of an­
other g1'ollp of terraces. These remnants are seen capping 8mall 
hillS! of red Permian sediments ai either side of the road. Upon 
reaching the valley the road passes onto lower terraces, the 
lowest alluvial elepos.its being' the present flood plain of the 
-river. At some other localities tenaces of the river are more 
eompletely preserved than ai Bridgetown. In the geologic 
map the terraces of the river have been indicated. (Geologi.c 
map of the Grandfield Bridge sheet.) 

The te'l'l'aCes founel and mapped in the vicinity of the Big 
Bend may be regarded as representati.ve of the tenaee forma­
tions of this part of thE' river system, The age of the oldest of 
t11e8.6 terraces representing {he first T'ecords we have of the h1S-
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tory of this river system is very probably eady Pleistocene. 
I t is therefore apparent that the Red River drainage system is 
of great antiquity as compared to the particular problems in­
vol ved in this investigation. 

PHYSICAL FEA'l'URES OF THE RIVER VALL~jYS 

'1'he ter111 river valle'Y, as used in this paper, is restricted to 
thr ~tret('h of laud hetwefm the bordering blu.ffs, including the 
channel of the river, the semd flat a1l(1 sand hal'S adjaeent to the 
channel, and the river valley land. The parts of the valley be­
tween meanders of the stream arc likewise referred to individ­
ually as vallcys, as for example the" Big Bend valley." 

The Channel of the River 

The' chmlllC'l of the river is that depreRsion to which the water 
is more or leRS confined at low water stages. In the lower Red 
Hive'l' there iSI for the most part only one channel. In the 
upper river, however, th~l"e a.re in places two or more channels 
eVe'n in relatively low wa1 er stages of the river. '1'he channel, 
as is usnal in rivers, increases in depth and width and in the 
quantity and permanency of water from the headwaters to the 
mouth of the l'iver. 

'1'he Sand Flat of the Ri ver 

Bordering the challnel, ill places on both sides and elsewhere 
wholly on one side, is a strip 'of lanel, bare or nearly so of 
vegetation, cons,isting chiefly of sand, commonly known as the 
sand Hat or sand bed of the river. In the testimony given 
by the writer in the Oklahoma Texas boundary suit this 
strctcl1 of sandy lanel adjacent to the stream channel was 
refered to by the descriptive terms ":,;and plain," "sand 
stretch" and "sand flat." (R. 7-3839,) Owjn~ to tl,e force of 
the currents, the absence of vegetation, and thr character of the 
sand, considerable irregularities in elevation exist in this area, 
the sand in places being thrown into low elevations and 
elsewhere dug into, forming depressions. The actual 
elevation of the sand flat above water level in the river 
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chan11el at average low stage of the river is as a rule from 
Olle to two or three fe(~t. l'11e sflnd flat. being' elevatecl but little 
a iJ0ve the water level of the river ehanne1 is overflOlyeel with 
each sne(~essiv(, 1'ise in the river. During intervals between 
Lloods pal'ts of this s,mel flat may become more 01" less covered 
with vegetation pal'ticularly ,reeds and some g'l'aSSeiS, and in 
places yOllng willows alld cottollwoods. A:t flood stage tmch 
gTo\\'th may be in part or entirply swept away leaving' the sand 
again bare. 

The river valley increase::: ill wic\th progressively f'rom_ its 
headwatel's 10wanf:;; ih:; mount. 'rhe sand flat which aCCOlll­
IH1llieN the channel 011 tlle other hand is progressively reduced 
ill -width from the llJlpel' strete1les of the rive1> towards the guU, 
fil1din~' its maximum width opposite Hardeman, \Vilhal'g("r and 
,Vichiia COll11ties. l'11e salld flat of the llpper ]'ive1' by reduc­
tion ill Wiflth becomes Hall(l hn I'S in the lower river. 

The Hiver Valley Land 

Hal elerillg' tIle '[mel flat and risin~ ~1J()ve it from one or two 
to tvYenty or t.wenty-fiyC' i'c"t is the lallel of the River Valley 
1l0rmalJy (~over('c1 by vC'getatioll. ,Vithin this area, of land cov­
el'('<1 hy vegetation the ])]'incipal Jand forms to he noied arc 
1'in:t the low yalley lands rising not. mo('e than a few fee1 above 
the level of the saml flat; the Rand c1111lE'S which riRe f1'(nIl a few 
1'eet to' twenty or t \n"llty-five feet above the level of the sand 
flat; and fans formed b)' the wash 01' lalteral streams elltering 
from tIl(' ac1jarent hl\ll'fs. H will IJp shown ill a subsequent 
srdioll of illis rejwl't thai the valley lan(\ is gradually added to 
at t11e miter margin by lamI fonnpu h.v proeef;i'H'S of aC('1'etion. 

'rile B~g Belle! of the He(l Hivrr ill Wichita COUllty 

'rhe "Dig Beud" of the Hed Hi VC'l" to \\hich these studies 
partic'nlarly relate is, a valley on the Texas side of the River in 
\Vichita COllllty, Ii extends from flolllC'what below the town 
of Durkhlll'uett llpHi:rearn to Bl'iclgetowll, the whole length of 
tltE' vallry 1wing betweell Hille amI tell milcs. 1'11e yalley nar­
rows ai. either cnd, hut -widcns in the centl'nl pnrt the lilflXillllllll 

-width heillg ahont OJle and one-third 111iI08. 
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rrhe sdcc,tion of tllis' arca for detailc(l st.udy IS desirable 
siuee the partieulal' 1an(ls giving rise to the boundary s"qit be­
twef'll 1he Staies of Oklahoma and Texas to whieh the United 
States be('nme intervener are lo('ated in and neal' the upstream 
em1 of this valley where the land has become especially valuable 
by reaS011 of the c1iseovery 01 oil in the valley. It is believed how­
evP)' that the ]ll'imil)les of land (1e\'('lopment derived fl'om the 
study of thitl partieulal' yaUcy are rqnalJy ul1plieahle to the 
ol1w1' \"alleys of the 1'iYer, above and helmv this· locality. 

PHYSICAL B'],]A'l'[JRES OW THJ<] BIG BEND VALLEY 

The River Challnel in the Big Bellll 

The ri\'('1' (,l1a1111el opposite tllis valley is neal' the Oklahoma 
side 01 the l'iver and when ])HS8ing' arolllld the valley fiows 
at the foot 01 the Oklahom<1 hhrff. At the upstream end of 
the yall cy the rive]' chanuel flo\\'s clORe to Of aL',ainst the 'L'exas 
bluff. At the dowllstream cud of the valley the river again 
strikes the 'l'exHs bluff. 'l'his valley is therefore similar to 
other valleys or the rivcl' in that a "Cl'ossover" 01 the rivpr 
O(,C'lll'S above and below i he vaHey. 

The Sand Flat in the Big Bend 

Above and helo"1V the Big Bend val1t'y the sand flat" crORSt's 
over" ,yii h the channel from one Rid!' of the river yalley to the 
other. ~\hove or upstream from the valley tIle sand flat is 
found cxten(ling to the loot of the Texas hluff, or separated 
frOlll the Texas hlllfJ' merely by the river channel. From this 
pla('r the ~-i1lnd flat crosseR ow·]' with the ri\'Cl' ChallllC'l 

anel 0 ppo,il (' the "Bend" is fOllnel extending' to the Oklahoma 
side OJ' sepnraiec1 from the Oklahoma bluff only hy the river 
ehanllel. 'I'owards the 101"er end of 1he "Dend" the sanel nat 
with t h(' river channel agnin ('OHleR to t.he Texas bluff. The 
san<l flat 01' sand plain in the Big' Bend varies in width from 
threp thowmnd to six thollsand feet, while the ('IHUl11el of the 
river in thr sand plain at low water stage has a width of from 
three hnJl(lrec1 to about "ix 11lmc1rec1 Ieet. A rise of a fpw feet 
rameR thp waier to spread across the entire stretch of sand. 
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These feaimes of the river valley are accmately depicted on 
the topographic maps awl may be seeil also in the photograph, 
Plate 1. 

The River Valley Land Covered by Vegetation in the Big Bend 

By reference to the map it will bo seell that the yalley land 
in the Big j3:elld projects from the Texas bll1if towards the Okla­
homa bluff having a maximum width of about one uncI one­
third miles. Upstream the valley is rapidly reduced in width 
while downstream it narrOWR 111uch less: ra.piclly. It is COll­

duded in these stndi('s that thi>; land has been built outwards 
gradl1ally fl'om the Texas bluff to whi('11 it is now attached. 
The alternate contention on the part of scientists representing 
the United Statrs and Oklahoma is that the land was built first 
ill thc form of islands, which were subsequently joined to the 
nwinlancl, with the fnrther contenti(lH that attachment to the 
mainland has occurred within the past one hundred years. 

Agencies Operatillg in Huilding the Land Above the Sand 
Bed of tIle' HiveI' 

T1Ie rivet' valley land ('overed by vegetation is hlJiJt nnoll 

lwe-existing sand flat or sand bed of the river. Tlir ;:c'-i'1;('ies 

most effective in building the va Hey land a,re the foll()\~ jllg: 1. 
'''he growth of vegetation; 2. Sedimentation by the river when 
in flood stages; B. Sedimentation brought in by the tributary 
streams; 4. SediulC'ntation by thc wind. 

VEGETATION AS A RECLAfMING AGIiJNCY 

An importallt agency in reelaiming the sand flat and trans­
felTing' it into more permanent land is the growth of vegeta­
tion, particularly grass, weeds, young willow and YOllng cotton­
wood. This vegetation sprt'ading from the main land on to the 
adjacent saud flat helps it to withstand subsequent. floods and 
ultimately little by little to extend tho area of the higher land 
covered by vegetation. It is true that vegetation frequently 
springs up at places on the sand flat. at localities other than 
those immediately adjoining the land masses,. In such isolated 
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llat('he~ 11o\YC\,('I', thc new yegetation heing snrronnded on all 
sicles by saml has hut 111Jle chmlCc of witlmtamlillg' flood waters. 
l\Iuch greater possibility for permanency exists for vegeta­
tion ,y11i('b 111 a kCR a start adjarent to pre-exis.ting Yc!!;eta,tion, 
and pal'tirnlal'ly at the downstrcam 8i(1c of tIle exis,t.ing vegeta­
tion-eovcred land. JVlof't of t.he land reclaimccl from the sand 
flat is reclaimed in this way. 

Thr illfluellre of vegetai,ion in llllil(Jing up the land arca 
hrginH witl! l'pelaiming thc land from 1he sa,nel flat in the man­
ll(,l" :111'e(l(1y dpR(·ribed. ;\lot only do thc l'()()ts of the plants as­
sist in prevcnting' the de'ltl'lwt.ion of the reclaimed lanel by 
flood" bnt the growth oC vegetation itseH assists in lodging and 
retaining' willel hloWll sedimcnts. IJikewisr dl1ring' flood stageI'] 
oE the river Y('getatiolll'etards th(' flow oE the water ~l1rJ'cnts 

reducing its eroding power' and rl'omoting dqlosition of sedi­
mcnt from ili': ""vaters.. Moreover thr d('(,~l~T of 'Successive vegcta­
tirm grow1h on the land promotes. tI1C formation of soi},; and this 
ill tllrn favors innt'as('d vcgrtahle gl'mrth all of which further 
<lssists in Imilding 11p t]le lanel. 

SEDIMEKTATIOK FROM FLOOD WATERS AS A LAND 
BUILDING AGENCY 

III th(' tin1l' of flood the river watcr more or less completely 
oyerflowf.l thp yalley lands. In the ovedlowed lauds bcaring 
Yegc"1atioJl Hw force of tll!' rurrPJlt is rciarded by grass, weeds 
alld yo un!!, tr('c growtll and with rccl1l(·t'a yelority the ;;ediments 
ill 'll1Spel1Siol1 ill the rivet' water tpllc1~ to I1rop out. In this way 
a top COV(,l'illg is, fOl'm('(l consisting of ver~T fine Hetliment which 
haH settled out of the l'ivN waterH. The soil formed from such 
Rt'(liment is a. mcllow and v('ry fine loam which forms soil con­
(hwiH to the growth of grassp;:; and ot1H'l" vegetation. The de-
1)]'('sl'i0l1R \v hi('h pxist in the land s'lulace are filled at flood 
.~iagc h~T river \ratp1' from w11ir11 all spdiment in suspension in 
tll(' water ,>pWes to the bottom. Tn tl1is way HlPre is a tendency 
io fill 11p natnral deprE'~s,i()m; amI to produce a relatively level 
I'tl'ptC'h of YC'gctation ('ovNecl land, Thc development of an 
overflow Hilt soil fro111 the flood water~ of the rivE"r is a slow 
pn]('ess. Kevcl'thele"R "neh soilt'l, in many instanees now buried 
hrnpatll 'Soil snhRPC]ucnt.ly formed are fonnd underlying the 
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,rbole of the river valley land ('overed h~T vegetation. 
pla('ps a<: much as 11 root or more 0 [ a loam built up 
processes hac; accumulated oyer the land. 

In SOUle 
by the::le 

~WIND SEDIMENTATION AS A LAND BUILDING AGENCY 

III persislteney of operation alld <ILlalltity of rnaierial trans­
ported, wilHl sec1imelliatiOll i<: a factor of pal'all101lI1t importance 
ill huiluillg the land of the rive I' valley above the :nood plain 
level particularl;- ill the uppel" part of the river. Dune bllild­
ing in particular is, a cOll~pi(,1I011S result 01' willCl aciivity. In 
addition, however, the wind :-;ediments are Rcattel'ed very gen­
nally over the land sl1r1"are. 11ms assistillg in building slowly 
the lnllc1 above t}w s;]]](l plain level. Tests, made in the OOl1rse 
of these investigation,> have sbown that it is, entirely practicable 
to i(leni jfy hy mechani('al an<dy~is the "everal types of Redi­
mentation ill this valley. 'I'he wiml blowll salldR 01 ihe dnnes 
lor r'(ample mainhill a renSOlHlhl(o uni10rmity as to the size 
of the sand gra.in ~\\'hi(,h is on the average smaller or less coarse 
than is the sallLl of ill(' salld plain of the 1'ivrr. The loam of the 
ovrrflow silt of the ]'i\'e1' on the other hand is extremely fine. 
Praetically all particlps 01' this ::lilt pass through a two hnndred 
mr'lh screen, that is a screen with two hundred Op(millgs to the 
linenl inch of RlU"fnre or fort~T thonfoland openillgR per square 
i11el1. ThE" '~<Uld of the sand dnne on the other hand is very 
largely lodged on the om' l1l1Jldred lllE'Nh scree11S. 

BUILDING OF VALL~~Y LANDS BY WASH FROM THE BLUFFS 

vVash from the slllTotmdillg hluffs and ;;lec1imcnt hrought in 
from tIle high land;; h~T the stremns aid in building 'up the valley 
lauds. Tn front of each small stream there is built a delta like 
deposit commonly called an alluvial fan. In addition to the fan­
like aecmnnlations of the smaller streams, there is spread out 
over a much larger area of tIle valley an acclllnnlation of fine 
sediment bronght into lhe valley by the larger streams. Wild 
Horse Creek is all illustration of this type of deposition in the 
Big Bend valley. finch lateH!.l streams aN flow directly illto 

the river channel of courSE' accnmulate no such deposits Rince 
the foree of the C'l1lT('nt removes, the Redimf'nts as, ral1idly as the 
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lateral ~tl'eamR bring tbem in. On the other hand tllc lateral 
stream.s debouching ~nto the river valley plain build an alluvial 
fan which increases in size and extent as time goes on and af­
fords to some exteut a me~ms of measurement hy which to de l-

termine the age of the bench on which it is accumulating. 
The possible use of these outwash plains in determining the 
age of the ±1ood plain and terrace of the l'iver yalley will be 
discussed later. 

'rhe ma.terials brought into the valley by wash from the 
bluffs are very hetel''Ogeneolls depending upon the e1Jaraeter of 
the formations through which the stream flows. Streams enter­
ing acroS's the Permian clays, limestO'l1eR and 'sandstolles, bring' 
in chiefly clay sediments intermixed with rock hagmenLs. Those 
lateral ::;tl'eams on the other hand, which in flowing into the 
valley cut a(:ross the fine sediments of the higher terrace de­
posit:> bring ill chiefly fille silts which form loam soils. 

'rhe height. to whieh the land of the valley is built hy the 
comhined effect of ihcse seve],al agencies varies from a few 
feet to twenty-five oe thirty feet. In the Big Blend, the maxi­
mUm height. of the valley abovel the water bed is about twenty­
two feet, this elevation being found on sand dunes. 

'rI-IE B'LA'rS O:B' T!HE BIG BEND VALLEY 

Betvveen the dmles oecupying the inter dune area arc belts 
of flat lands which have a, superfic'ial resemblance to former 
river channels. An examination of these flats will show that 
they represent a part of an orig'inally extensive belt of flat 
lands 111'on whieh Ute' sand dunC's have been built. The soil 
on these flats consists largely of river silt deposited at times 
of flood waters. It is hovvever only in the newest of the land 
area that no more than a single l()am layer exists. In the 
somewhat older lands there is found in these valleys a layer 
of river overflow loam foHowed by sand and other soil accum­
ulation amounting in some instances to several feet of sedi­
ments variously derived overlying the original river overflow 
loam~ of thes flats. 

The physical features of the Big Bend valley as thus briefly 
presented are essentially those of the river valley in general 
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and 1're"l'l1t no exceptional featll1'eb as compared to oiher yal­
leys of the l'iwl' in this part of iis comse. 

TIIE AGE OF THE RIVER VALLEY l!,-\ND IN r1'HE 
BIG BEND 

At the time the investigations "V ere m11de the pri11cip111 prob­
lems lIncler consideration were the habits of the river in buiJd­
ing its valley lands and the age of tlle alluvial lands in the 
"ane?, partieularl? 8'3 to whether 01' not the valley, or a. part 
of it had been in existence in its pnsent form for a period of 

. one eentnr.l' or more. Before these il1Yes,tigations were under­
taken seientists representillg the Ullited States and the State 
of Oklahoma had expressed the opinion that approximately oue 
hunched yeal_'s ago a challuel of the river was flowing at or neal' 
the 'I'exas hluff in this valley; and that the method O[ enlarg­
ing the valley~ in this river wasl by a process described as "is­
land building.'" 

'1'0 ~eC'lHe information a"l to the age or approximate age of 
1he l'iver' vaney land was therefore one of the important re­
sults sought in this investigation, This problem differs in many 
ways from that which is ordinarily presenteil in geologic inves­
tigations. Usually the geologist is dealing with geologic forma­
tions, in which if time as calc1l1ate(11 in years enters at all it is 
only in intervals of centuries or of mil1eniums. ] n this case on 
the contrary actual age in years is sought or at least the actnal 
miuimum age, the question beill!~ whether the land is OIlC hUll­

dred yearS! old or less or whether ally part of it, as a channel 
near' the bluff is lef;s than 01lf2! hundrerl yrars in age. 'While this 
problem of age of 1he land if; difficult it is not necessarily in­
('(Jpable of approximate solution. It is agreed by all observers 

~ 

that 'nnderlying all or this river valley bnd is found river accu· 
mulated sediments including S'and a.nd gravel, and that upon 
this foundation has been built by the combined operation of 
several agencies the land mass now found to exist there. The 
problems under consideration are probable length of time 
that has been required to build this. land mass to its p,resent 

'In the Supreme Court of the United States, October term, 1919. 
No. 27, original, pp. 82-89 and pp. 103-105. 
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height and extent, alHl the length of time that the valleYi) ill 

their old81' paJ ts have existed. essentially in their present form, 
rl'llr, evidence lwal'il1'i' on the age of the land or the rivet' may 

C011 veniently lJC pl'cscnted under the following b cad in~'s : 
(1) Age oj' t11e yallcy as indicated by ph~'siograpllic feat" 

r[lrs, 

Cel) ~\ge of the \/(\J1(',I' ~lS indicated by geologic featll1'cs; 
(3) Age of the '. allr~' land a~ indicaLc(l hy soil~; and 
U) l\ge of the l'ilCl' I'alley lands as indieated. by the tim­

bel' growth. 

The Age of 111e Jhn;l' Valley IJawl os Ilillieatcll hy Physio­
gl'aphi(: FeatHl es, 

Phyt;iograpliy ir:: primarily the science of the interpretatil)J1 
of la!1(.1 for111s. In iJlC ea),lier pages of this report a brief state­
ment wat; given as to the land forms of the Red River dl'ainage 
system, includillg the river ehannel, sand flat, flood plain and 
the several tel'HWeS of 1 he bluffs, It 'will be the object of this 
pal ticulal' section of the paper to apply the interpretation of 
the:;,o laud fOl'lIlR, in so far as possible, to the question of the 
age of the river valley lanch;. 

In this connection it is \1 ell to bear in mind that it is uot the 
age of t11e tro'ugh or depJ'essiou in which the l'iver flows, ]lor of 
the several high lcnaces of 1he river that is called into question, 
1'he rive)' is recogllized as un ancient featul'e of the landscape 
The sen'j'al 1erraees l't'(:ord the sucepssive stages in the de­
velopment of tlJis valle? and afford within themselves evidence 
of their nge, even the l'clati vely low te1'1'a<'eSi being of the Pleis­
tocene period. It is therefore only the low river valley land 
including the present fleoe! plain of tile riYcr thnt is under 
question as to age. 

THE SAND DUNES 

Among the lnncl forms of 1he B:ig Bend valler nOlle are more 
conspienolls or striking' than are the Nand dunes OJ' sand 
drifts.l 

'For convenience of reference 1.he sand accumulations will be 
referred to as dunes. In some instances perhaps they are scarcely 
more than sand drifts, 
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To fnlly apprecia,te the time interval involved in building 
theses dunes it becomes, necessary to inquire fully into the 
method or manner in whi(~h dl1l1eS are formed as, well as their 
snbseq'nent history up to the present time. 

Source of Sand Snpply Conlrols the Place of Formation of Sand Dunes 

Tn the COlm;e of thps0 inesiigationH it has bepn ohsprved 
that in the Red River valley the source of SnP1Jly of sand 
and not the directions of th(~ prevailing winds controls the 
place of formation of sand dunes, and that the dunes form 
parallel to the sand bed from which the sand is derived'. 
(R.-7-3845.)1 It is observed that adjacellt to a hroad sand 
flat, dunes form extensively provided there is no impediment 
to the movement of sand such as the presence of a river 
channel between the la nd and the sand flat. An illustral ion 
of this is seen in the Big Bend vvhere the sand fiat 1irs north 
of the valley land and the river channel is at or near the 
Okl:lhoma bluff, Tn this hend of the river Nanel dunes are ex­
tensively developed having been built up hy winds hlowing 
from a lwrlherly direction. On the other hand in the hend 
of the river lying next. down stream from the Burkburnett 
Bridge the conditions al'C reversed, that is the valley land 
lies on the Oklahoma side. Next south of this land is t.he 
sand bed of the river, and t.he river channel is at the 'l'exas 
bluff. Under these 00nclit.iom; SH,nd duncs are built on the 
Oklahoma siele, the sand beiug car,ried by winds blowing feom 
a ~ontherly direction ,wrOflS the sand plain, H other illustra­
tions are required to establish this principle t.hey are not 
lacking. It may he seen for instance tllat at the northwest 
eOI'ner of "Goat Island" a sand dune is building at. the mar­
gin of the land, having been built up by winds blowing from 

a weNterly or southwesterly direction, while 011 the opposite 
side of this land mass dunes are building by winds blowing 
from northeasterly direction. II dune formation wm'e cou-

'Throughout thIS paper the references given are to the original 
printed testimony. In these references R, is llsed as an abbrevia­
tion for "Record," the second entry is the volume and the third 
the page or pages, 
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irollecl by tbe rlircctioll of the prevailing winds the clune 

series built np in this valley sholild all he parallel, the one 
to the other. If 011 the other hand dune building is not e011-
irolled by the direction OL t11e prevniling winds, but iN con­
tl'olled aR maintained in i1l(' pre('ecling paragraph by the ]00:1,­

tion of the principal source of Rupply, it follovvs t.l1at tho 
successixo d1LneH series built in tho valley iviJlllot neecssal'ily 

parallel eanh other, hut each 801'ips will llal<allfll tbe someI.' 

of supply asit existed at the time the drmo waR formed. Il­
lustrations of the fact that the dunes do actually build par­
allel to their sOU]'('p of supply or essentially so are numerOllR. 
An ins]wciion of 1hn llew (hmps of the Big Bend area as 
r:;hown on the soil map which accompanieH this report 'will 
show how in each instanee the Dew dune faceR the Rand flat 
from 'which it haR accumnlatecl. (Soil map in pocket.) The 
application 01 t.his prillciple of dnne formation in t.he Big 
Bend area is of gl'eat importance in the present inveRtiga­
tion, and will be l'{';ferred to again. It is obvious that winds 
when rr'ossing the l:;and flat 'will gather a fnll lOflQ find henc-c 
will tend to hnild dunes on tl10 hig'her land hordering the 
sanel bed. The obf>crvations on the [(ronnd are entirely in 
accord with this oxppctation. 

Dunn lnlilding 'W:18 (lise-m;Red by DrR. (l]CUll and BowllIan. 
DI'. Glplln rcferR to the dunes as (liRtrilmtec1 along the bank, 
only by Sll(~h Wil11iR as blow toWal'dR the hallk lrom ihe river 
earryjn2,' sand. (1\,.-5-2200.) ,VillI tllis statement the writer 
agrees [!lily. Dr. Bowman cliseussed (lnue formation at length 
nsing dune roses to illustrate his meaning. lIe stated that 
"there is a close cOlTesponclenre, in fart an extremely close 
correspondence between the orientation of dnnes and the 
orit'ntation of the river Cl1al1l1elR." (R.-5-2405.) Upon read­
ing Bowman':;; tesiimonyit. will he RPen that tlw word chan­
nel is llse(J hy him to apply to the c1epl'cssionB in Lhe sand 
tiat of the river to 'which the water is more Or less cOllfine<l. 
Accordingly if conectly understood his conclmiollR in regard 
to the duneR is not in agreement with that of the writer. 
Instead of forming' at the margin of ('hallnel~, as Bowman 
('ontends, sand dune formation is inhahited hy a channel to 
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tbe e:dellL that it <:Cll'J'ies water. 1'I'[o1'eOYOl' the challllcl~ 

Ll1(Ough tlw saml nelL l'<11'c1) lJave banks 01 :mifi('ienL height 
to indu('e dune fOl'llwtioll, so that dune lonnaLiOll eanllot in 

any sem;c bc said to trend with the rivcr channels. The sand 
dlil1('s in fact trend with the sand plain or sandt flat of the 
1 iYcr (l1l it. exif)tcd at the lilllc Ol Lhe formation of the cluncs 
ami lmve 110 relaiion to challnels of the river except that on 
the avrragc they arc remote from such channels af) persist­
cntly (~alTy watel'.l 

Dunes Form on Pre-existing Land. 

The ,vI'ilCl"s ohsc1'vntiulls led to 111(" couclusioll that not 

Duly do sand <1111W8 llllild onlimll'ily ncar and palallel 1.0 t.he 
sand pla.in of the ri\-e1' but that they build on thc land as a 
rule rather than Oll Ihe I)Ducl 1)('<1 of the rive]'. Oll this point 
tpStilllOJ1Y waf., g'veJi as JolJcnrs (lL-7-:lWi7,)c 

"r have already stated t.hat whon vegetation takes possession of 
the land it aSHisLs ill blocking the force oj' tho river at the over­
fiow stage and brings dovvn the silt in thc river waters; and, thoro­
[ore, for that reason, and because the water stands on the land in 
over-flow stages, there is built in time a stratum of silt which is 
recognizable as silt set.tling out of the river water, recognizable 
regarrlless of how old it may bo, or how long ago it may have been 
made, or whaL may have covered it sllbsequently. And I have 
examined this land III this particular area to find to what extent 
s11eh a silt layer undorlies the law] as u whole. I wished to do that 
becauso ] believed it would give me some inlormation on the ques­
tion of whether or not a sand dune builds directly ou the sand 
plain as snch or )milds upon laud that has been land for some 

"In summari7:inp; testimony attorneys representing the United 
,States (Appendix to Brief lor the United s.tates and Oklahoma, 
p. 2:33) state that "Doetor Bowman illustrated the [act tllat the 
lines of sand dunes are in general parallel with the sand bcd o[ 

the river," If Doctor Bowman's conclusion is that the dunes trend 
with the sand flat of the rIver, which they do in fact, it is difficult to 
understand his repeated statements that they trend with the chan­
nels of the river, which they do not. 

-In quoting from the record here and elsewhere in this paper the 
writer has taken the liberty of making minor alterations in the 
spoken testimony where such changes improve the sentence form 

without alterillg the meaning. 
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tillle and has acculllulated this layer of silt from the l'i\'el' waters. 

It. is tnle that on the sand plain [rom place to place there are 
little la:-'ol8 or tllis particular kind 01 silt I am talking of, but 
gennully qlealdng on the' sand plain 1 have not been able to find 
that then; is anything like the definite :1ltd thick and characteristic 
and uniform and (ontinuous layer of fine silt that develo]Js on 
land that is over-fio,ved by the river, and all the Lll1cl at one time 

was 10\1' lan(1. Therefore, 1 put down excavations in the Ian(!, 
generally, whetlter on tho low land 01' in the dune, to find to what 
extenl this lIarticnlal silt layer is to he found ullder the (lunes, 01' 

to find \\ hat else, ,~hatever is to be founel under the dunes that 
would bea l' on the' q lIestion of whether or not tllP dune !tad been 
built out on the sand flat. 01' had been llUilt on land as Sl1(:h, 

"!\iy observations are that the silt layor pHsses uncler tile dunes 
1 have Jug trEnches back ill what. \,'e would ordtnarilj 

call tho IDlY land where the Silt is plainly to be j ouud amI ha\ e (lug 
tren<:lte~ from that ]Joint into the dune so that. if the particulM 
soil layer that 1 am observing llasses uuder the dUlle it lllay be so 
seen in tile excavation, and I have found it to be the case that 
regularly sueh silt layers )Jass under tlte dUlles in tile Big Bend." 

The l'elatioll of the sand dunes io the lund in which they 
WE're formed may bc seen in sueh dnlles us have been Cll~ 

acrose: hy the 1'1 vpl' a Cfon1ing a senti on, alt(l nnmel 0 m; photo­
graphs WE're submitted indicating' this relation, Inasmuch as 
the same relation may be seen in dunes now accllmulating in 
the same yalley it wilil perhaps be sufficipnt to rcfer to a 
single ])llOtOgraph in this cOlluedirHl. 'rhe photograph referred 

to is No. :30 of 'rrxas Exhibit NO'. 51, the legend 01 which is as 
£0110\1'8 : 

"View illustrating the relation or sand dune to tile land on 
which it was formed Tile bluff seen in this view represents a 
natural exposure made 1>y tile river cutting through a dune antI 
tl1l'o11gh a trough 01' depression between dunes, The car stamis 
in the t rough at the base of the dune. The lower part of the 
bluff, consisting chiefiy of sand, is to some extent obscured by 
loose sand and debris, Above this sand is seen layers of a dark 
colore(1 lllaterial, which, upon examination, is found to be fine 
silty loam such as accumulated from the river water at overflow 
sta,ges. Above this loam in the trough is found a few feet con­
sisting chiefly of sand. When followed to the left in the picture, 
the loam layers may be seen to pass underneath the dune, indicat­
ing that the dune was formed subsequent to the accumulation of 
the loam. Above the loam layers may be seen a thin dark line, 
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which upon examination. is found to represent a flood layer, indi­
cating a flood which occurred at a time when the valley land in 
this trough or depression had not yet built to its present level. 
l<'ollowing this flood layer to the left in the picture, it may be seen 
that it rises diagonally throngh the present dune, thus indicating 
that a considerable part of this dune has been fOl:med subsequont 
10 the date of the particular flood recorded by the loam layer. This 
view was taken in the Big Bend of vVichita County on the Texas 
side near longitude 98-38-19, latitude 34-8-42. The bluff faces in 
a westerly direction. 'The dune therefore, has migrated south­
ward since tbe time of the flood referred to. The cottonwood 
trees seon growing on the dune, have reached their present stage of 
maturity since the dune came to rest at the locality in which it is 
now found." 

At the present tilJle olle finds dunes building as a rule 011 

and 11rar the margin of the existing land and these ohserva­
tions indicate tllat in the past, as at present, sueh has been, 
3S a rule, the location of lmilc1ing dunes. 

Absence of Dunes [rom Land Areas Separa.ted Ifrom the Sand 
Plain b.y a Water Channel. 

An observation belleved to hold in the main 1S that sand 
dlmes do- not form cxt,<:'llsively on a, land area sepanttpd by a 
'water channel from the sand flat. (R.-7-3847-3852.) This 
observa.tion is likewise very pertinent to the present investiga­
tions. It. is a matter of observation that whel'c a water chan­
nel borders a land area and separ;ltes it from the sand flat on 
~neh land ma'ss no extens.i ve chuw formation is found. An 
illllstl'ation of this fact is to be seen at the Grandfield Bridge 
cl'ot-;sing of the TIed nivp\,. It is known from the Duhois Sn1'­
vey that a part of the valley land cuvered with vegetation on 
the Oklahoma side at this cros:sillg' is more than forty-six years 
old. The principal ehmlJlel of the river is now, auu probably 
has been for a long time in the past, adja(~ent to this land. OIl 
ihlR land a,re no duue's of appreciable s·ize. If however, this 
holt of land on the Oklahoma side be followed upstream a mile 
or so where the channel normally lies against the Texas bluff 

and where a broad sand :flat intervenesl between the river chan­
nel and the valley lands. it will be observed that at this local­
ity dunes have huilt in the usual wa,y on the river valley lands. 
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This condition is explained, of comse, by the well known fact 
that salld, at leat'it the heavier particles, is carried by the wind 
not (~ontil1'uously but through a succession of short journeys, 
the sand being frequently dropped to the earth and picked up 
agaill. All of .the salld grains that are dropped, either in the 
stream or on the moist land adjacent to the stream, are lost to 
wind action. Only those sand grains that completely clear the 
stream and the moiRt land at either side ("an continue the jour­
ney. That a water channel does interfere with sand transpor­
tation will be apparent io anyone who vyill observe condiLons 
during' a saud fltorm. Tt will be seen that much of the sand is 
canied within a few feet of the ground, and that while on the 
windward side of the stream the wind is carrying a heavy 
load of sand, wllen crossing the stream tIle load is lost, except 
for the lighter pa1'1i(·1()s which :float high in the air. 

Migratory Dunes . 

. After their aceumnlation t1w dunes, are in some instances and 
and to S01110 extent mi.grAtory. This fact is illustrated in the 
uecompanying profile of a. moving dune in the Big Bend. The 
eharaeiel'istie's' of the dllue are a gentle or gradual r:;lope on the 
windward side lip \vhic11 the sand is carried and a steep slope 
011 the lee si(le. 'rIle dC';.>,'1'C'e of steepness on the lee side varies 
with i11e amount o[ vegetation or othe), impediments to the 
movement of sand. In the ahsence of vegetation the lee side of 
tlle dune may approaeh or assume the angle of repose of sand. 
The wiudward side is further characterized by an accumulation 
at the sllrfac(~ of SllClL heavy objects, as were imbedded in the 
sand, sllch as sticks, roots, or gravel. 'rhel growth of grasses on 
the 'windward side is usually in hunches, each clump of gras8 
()('cnpying more or less of an elevation; the trees have Toots 
more or lel:;s exposed, and the snrfac'C! in general is as a rule 
pitted by the irregnlar removal of sand. In these respects the 
windward side is in contrast with the lee side where the dune 
:-ml'facc is smooth and the sand is accumulating around snch 
tree, grass and other vegetation as may be growing on that 
part of the dune. (Fi.g. 2, Page 44). 
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Fig. 1 . Cross sect ion of the Red River Valley in the Big Bend ot ~Wichita County. Vertical scale, one inch equals 60 
fe et ; horizontal 'sca le, one inch equals 1500 feet. The elevations used in making the sketch are taken from the topo­
graphic map of the Rig Bend, the heigh t of the bluffs, sand d ll ues a nd other feature~ being p lotted true t o scale. 
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Fig. 2. Pro file across a moving sand dune in the Big Bend. Vei'dcal and horizontal scale as indicat ed. Circles indicate 
location of sta tions a t which the elevations were taken to be used in plotting th e pro fi le . Sloping windwar d side at the 
righ t ; steep lee side a t the left. A part of the same dune may be seen in th e photograph of P late 2, Figure l. 
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'1'11e Sand Dunes in the Big Bend Valley. 

The dunes extensively ,le\'eloped ill thc Big Bend, valley are 
not scattered in a haphazard manner over the land. On the COll­

trary the dunes there developed fall into definite scries, there 
heing at least four series of dunes rcpresenting four periods of 
dune building in this yalley. Important principles as to the 
growth and formation o[ the valley lands may be clearly de­
dlH'cd from a stndy of the position and development of the 
dlllH' series of this valley. 

Dune Series One. 

An inspcction of the lllap of tllC Big Bend yalley revcals the 
location of the dUlW scries to which rC£cl"enee has been made. 
'I'he1'e is first of all a distinct (lune series, marked on the soil 
map as "DSl" originating 11t the Texas blnff approximately 
OIlC mile below the Grandficld Bridge, near longitude 98 de­
gree's 39 minutes, awl extending slightl~r north of cast to and 
l)('yond the eastern limit::; or the Big Bend topographic sheet. 
At the place where the dune series ties onto the Texas bluff 
the dunes are narrow in width forming one continuous ridge of 
dUJl('s exC'ept whel'e cut a(~ross by streams and where partially 
inte·rrupted by possihly wind blown ga,ps. Farther to the 
east it will be seen that the dune systE'm instead of being C'OIl­
fined to a single <1nne ridge bcatters through a belt of cOllntry 
between fifteen hundred and two iJ1O'1ls'and feet in width. It 
will be noted thai the north lnaegin of the dunes remain essen­
tially intact and in alignment wh ile at the south side the dunes 
"string out' 7 in an indefinite manner. By referring to tho 
reduced topographic map of this valley it may be seen that this 
(hllle series a~ain approa(~hes the Texas bluff and ties on to the 
blnff ne31' Of' below thc Devol Bridge. 

Dune Series Two. 

Prom the physiographic and soil maps it will be seen that 
a scr~nd dnne series comes onto the map approximately two 
thousand feet north of the 'rexas hlnff and about one mile 
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dmvm;tream from t]le Cl'all(liicld Bridge, marked "DS2." This 
second dune series evidently formerly extended farther to 
the wesi, but the westernmost part has in late years been de­
stroyed by the river. This second dune series extends about 

due eas,t and does not therefore (]uite pa.rellel the first series. 
'1'0 the east on the Big BClld topogr'aphie sheet this dune series 
pinches out between dune series one and three, but comes 
in again as indicated on the Devol topographic sheet, and ulti­
mately ties to the Texag bluff cast of Burkburnett. 

Dune Series Three and Four. 

,]'h(' thircl dune series ohs(,l"Yecl in the Big B!end trends in a 
direotio'l1 siQuth of easi. '1'his dnne series, or al least that part 
of it now preserved, is complex in character and is possibly cap­
able of being resolved into more than a single series. It is 
appa,rellt thai this dune series likewise formerly extended far­
ther to the north,ves.t. To the east this particular dune series 
seeIns to extend from the mainliDd onto" Goat Island." On 
the plly,s'iographic map lhe dnnes of this series are designated 
by the Rymbol "DS3." Although eut out by the action of the 
river between the Devol pnblic road and the Wiehita Halls and 
Northwestern railway bridges the downstream end of dune series 
three is preserved, and the dunes are seen approaehing the 
'1'exas bluff in the lower part of the Big Bend valley. Partly 
sllrrounding the'le older dune seric's and fOl'ming parallel to the 
TJresent sand plain is, to be seen the fonrth sel'iesl of dunes in­
cluding those dunes that are not yet so far stabilized but that 
they arc c,ven now shiftillg in charadcr. 'l'hese dunes. are 
marked as "DS4" on tbe physiogral)hie and soil maps. These 
new dunes are lot'ming' ac1.iaeent to the present s.und flat of the 
river. 

'1'hey represent the latest dune forming aetivity and include 
dnne>l that are acc:mrllllating at the -present time adjacent to the 
sand flat as dunes of the other fwries have aeenITllllated in past 
ages adjaeent to' the sand flats of former time. 
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RELATIVE AGE OF DUN~~S, 

Dune series one, marked DSI, Oll the map is interpreted as in­
clmling 1 he olc1l'st dunes of' this vnlley, the other sel'ies follow­
ing in the orcll'r mUl1E'c1. Tn Sl1PPol't of this iuterpretation i'l 
fitF:t of all the position of dl1ne serlrs one which is the nearest of 
the ~rY(']'alseTies to thr 'rex:!s blllff. The ohserved plnce of 
formatioll of dune;, in tl1e TIed H,ivl'r valleys is on the valle~T 

laml alljacE"ni to the Rand flat of the rivP1', and the dunes of 
dlllle snies one aceordil1!.(' to these ol~servatiOllS must therefore 
ha\0 al'('11lll111atelI l),'fo1'e the yalley rene-hed its present size 
and form. 

D1l1H' <.;('ries two is i1lterpret.ed as, being next. younger than 
dlll1e scrieR one, tbiR interpretation being bas-ed, among other 
things, llpon tho pos,ition of the dnnes. By rl'lferenee to the maps 
it WIll 1w seen that these dunes not, only lie neaJ'er t.he river 
than those of dune qpr"ie~ one, ImL surround and for the most 
part enr·lo<:C' the older dnnes,. Dune serie8 three in 1111'n lies 
farther out in t11e valley than dlllW series. two and shows the 
same te11clt'llC~T to SlllT011lld and C'nelose the oleIer dnnC's. ~At 

the pl'c'lent tiuw both cl1111e serieR two and three are IH~ing cut. 
illto alJd destroyed at places hy the 1'IYel'. 'rhis.is particularly 
true in the upper part of the vallC'y where both dune series 
!w\~e l)('en in part destroyed. 

Dune series fonr whieh ohviously c011tains the nevvest dunes. 
inclllcling those HOW forming, lies adjacent. to the present sand 
flat of the river. 

rn gronpillg the <1n11e" illto sl'r.ie;;" the writer is ~ceking to 
place ill ('aeh seril"'" those dUlles that are suhlo;tantially of the 
same n2e. III other wOl'ds the t.ime interval between each series 
is belieyec! to be appreeiably greater than the difference of age 
het\\ eell the oldest and youngest dnnes of any partienlar series. 
'l'hat sn('h if, the ea"e iN more fully indicated in the detailed ou­
sel'nli ion" oJ]' ilw age of HlP dUlles wh ich folIo\\'. 

Age Indications of Dunes. 

(\ew dUlles ill the vallpy arc nnmistakahly characterir.ed. 
They art' eithel' im]1el'fectl~' covered with vcgptation or if 
thickly covered are elothecl with a type of vegetatioll difi'pring 
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ll'(Jlll that fOll11d OIl 01(1 (hUl('S. The soil conditions, or perlwps 
m01'e pl'oprrl)' abst'l1C'C of 8'oi1s, al'e distinetive. Old (Innes are 
eqllall~' dif,tincti\C in that 1hey hayc a soil. vVith tlli, soil and 
in part at least as a result of its presence is a, ehal'acteristie 
Yegetation, Yan'jng II ith the varying conditions of moisture 
<llld otber growth c(wditions hl1t invariably distinct frolll the 
yegetation of ne,i' dunes. '1'he form or shape of the dune like­
\\i~e hcollles 10 som8 extent modified with age. In the ageing 
(If a anne n1'(' founel more or le~s definitely recognizable ~tages 
allcl ill 1he pal'agraphs whi('h follow certa,in of these stages re­
r ogtliz,ecl in the (hmes of the Big' Bend valley will be discussed. 
These Sllf'Cf'flSiYe stageR are recogn ized ill the soil cOllClitions and 
in the plant gl'Oiyth, the soil conditions and plant growth heing 
yel'y closely related. 

The Soil Characteristics of a New Dune. 

~\'3 already st.!1tcd a. )lew dune can scarcely be s'aicl to have a 
~oil. It is still in the shifting stagc. Tho top sands which 
~lJOllld form soil arc lom;e, light colored, lack organic matter, arc 
relflti \'rly coal'c;e in texture and undifferentiated from t.he sand 
of the chme as, a whole. However, when vegetation gains a foot­
hold, n{~n'e or less fine wind blowll material lodges alllong the 
plants affol'ding with organic matter from the pl'lnt n"mains 
a beginning in the mixture of materials which forms soil.. 

,Vi11! r('~'ard to timber growth as a rnle a ~hrllb willow takes 
po<,se~~ioll of the rhl1 1e, Cottollwood not infrequentl)· is inter­
mixed ,yith willow and ill some instances young cottonwood 
liTe observed to como ahrud of willow. How long the dune con­
tinurf.l, in what may be call eel the willow growth stagc, is unde­
ierminec1 in years. However, in time the willows disappear 
imd a later stage, although still a new dune, includes eotton­
wood as the clominant timber growth. 

Thi<;( coudition of a new soil 01' allseJ1('(' of soil accompanied 
hy willolY :mc1 small eottonwood growth is illnstrat<,d in the 
dunes of dnne sories fonr, tho newest d1lnes of the valley. (See 
Plate 1). 

An appreciably later stage in the ageing of dunes is that in 

which a soil has developed to some extent. At this time the 
top soil of the dunes differs in some respect from that under-



J1eath~ at least to the extent of the indnsio]] of more or less or­
ganic matter, 'l'he timher growth at this stage is, ehidly cottOll­
\\'ood, 'fhi:,; cottotlwood timber gro\\ ill as seen in the Big Bt'llc1 

I ,1'p:,;e11 ts the eilanlC'i eristil S ('OmmOll to tim bereel lands, in that 
some of the h'pes Imve r('[)clle(1 tlH' a~e to which they arc able to 
attai1l lllld('J' ihe rxistillg eonclitiolls an(i HI'l" deaa or dying, Re-­

plllcing thl' clead tret's arc othel' slllaller trers or thr same kind 
eoming on, '1'11e undergrowth flt thiH stflge includes pri('kly ash 

111](1 (Jther shrubt-;, How IOllg the (luilPS ('01ltil1llP in this phase 

of "oil and plant clewlopmcnt is ulldetNminecl, Cowles, as J 
understand him, mailliains that hut olle geuPl'atio:1 of enttoll­

\\'ood gl'Ows on a dlllle, 1-10\\'('1 c ~', III yiew of the v(lI'.vin~ age 
of the pxi~iill!1,' timber gl'owth the idea that generation ma~- fol­
low genel ation of ('ottollwood 0'1 this land, suggests itself, fll141 

this I ll11clelSialJd is 1l1e cOllclnsioll l'cal'l1t'(1 by Tharp, 

This phase of plant an(l :'Ioil r1eyclOpllleJlt iSI illustrated ill the 
n'jg B('m1 hy the dunes of dllne se1'ies three, Matnrit;v of soil 
(o1J(1itio1li'; oyer that of dml(' SCl'ips [0\11' ib indicated not (JJlly 

b;V tlle lll'ickly a~h llndergrovvih 11111 also by the preBc'uce of 
lwattel'ed pe(~:m, hackbelTY and c11i11anl, none of which haYe 
been ob::'Pl'vecl OJl the ncw dullCs, (See PI. 6, Figs 1-2), 

'rhe soil conditions, of dnne series Olle IIIll1 two differ in the 
Il1rreased fimmesc; of the top soils and ill the increascd clivel'­
"ity of soil p'artielcs, III fad the inel'eased diversity of 

soil particlcs is doubtless in part the eause of illel'eascd 

firnllless, '1'11(' difi'cl'enee in this l'l'sreet hetvv('eJl the soils of 
cllllll> sp1'ies 011e awl two 011 thc one hand and that of dUll<' ,~pl'i('s 

th1'cc 011 the 01.\]('1' is more ],l'ollollnred and obvio\ls than filly 

01hf'1' stage ill soil df'Yc]o]lllleni ill 11Ic8'e dUllCS" 

l'llp diffl'I'f'm'eN ill vC'ueiatioll arp likewise ('(lllally well 
llHll'k('c1, ('ott011W('od \\ hieb i" 111e chid timbel" growth on the 
efl1'liel' stngr 'R here wanting, 01' pla('ticctlly so, only an occa­

sional ('ottonwooc1 persisting, On tllE' other hand at loeaJities 

fa\-orahlr to timhe!' growth i::; IOlmci a hardwood growth inc111d­
ill'2 elm, lw'all, ('hittmn, hackhc'l'Y <111c1 other trees, l'Vhrh the 
g]'('atrr pn1't of tlle (illlJeN of this phase of maturity, ho,,-evcl', 
are (le~titllt(' of timher grO\l'th, ,Vllile these dunes thus prc­
r,ent 11 ('()ntrn~t to dllllC 'Ieri('s three, tIle r1ifierenees between 
:-.el'ips 011(' and i \\'0 arc 111u('11 ll'Rs marked and Iwareely to h(' re-
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coglll%ec1 except Oil mol'l' detailp(i obsel'yatiom; on either soil con· 
stitnpnts or plant growth. 

That the several stageR, de;icl'il)('d rrpresent actual stages ill 
thc devclopment of dmleH as phYf,iographic features becomes 
the lllore evident wlwn tl](' ohSel'VatiOlls made in this valley are 
ehecked against those mu(le in othcr valleys up and down th,~ 

nver. The equivalent stageil of dnll(" series fon1' and of dllll~ 
<;erie~ 1 hrcp are l'cadily I'e('ogllizpd th1'011!.,dlOnt tIl<' valleys ill 

genel'al. The same is tl'l[(' of the ncxt older series, dnne series 
two as compared to the two ~'Olillgel' series. Thc age eli fference,.., 
hetweell dnne series OlW and hNO as already Ntated are muph 

less p1'ollonnced thau hctwepn three and four. 

The <;ame groupin ~ of d l1lH'S in to series deicl'm i ned hy ag(' 
dWl'(leteristirs is oh<;cl'\'pd in all of the yalley;.; wl1Pl'e d\lne,~ 

havr formed. 

Relative Age of Dunes Indicated by the Top Pails. 

III ('oIlllectiou with the Red River investigations it o('eurred 

to thc WI i1 C1' that the progressive ('hanges with age in the 

top ;;oils of d1111C ,yhieh are ohviollS to the eye C0111d possi­

l)j~' he fm'tll('r demcn;;teate<1 hy mechanical HJJalYNis of the 

f;oiIN. 1<'01' this pnl'pOSP l'c]1l'csE'ntatiYe samplE'S WP1'e taken 

from the fwvpral dlllles series. These samples arter being 

(lried wpre passed thnl11gh KC'l'penN in Older to IIIP('halli('ally 

sepH ra te the soil con Rii tue11 t;;, Th e screens 11Ne<l wel'e tll{' 
rI'yler s('reellS, made hy the Tylpl' Company of Ckvelaml, Ohio 

The Rel'epn meshcs IIl';p(l weI p 8, 14, 20, 48, 100 and 200. That 
is ;;(']'PPllS varying' from H to ~()O openingI' per lineal inch or 

frOlll G4 to 40,000 OPE'llillg'S ppr Rqnare inc h. :M ec han ipa1 

analyses had previonsly hee11 made of various soils in the 

rlV('r vallE'Y, 'r11e ohjE'et of this examination of tile top Roil" 

'was to find the relatiyc Hll101111i of fine material ill the top 

soils. III taking the sllmplPs a ey1inder waR liNed haying a 
clianwter of ahont 011e 11ll(1 tlll pe-foul'th lnehes, This cylimkr 
was illserted into ill(' soil to a depth of thrpe ineh('s. In this 

way a perfeet COl'E' of SOlI 'was oiltaine<l fol' eaeh sample. For 

this examillation smnplrl") \Hl'e taken as follows: From dune' 
RE'rirs nnmhel' onE', el('YPll sampler-;: from dlllw RPries hvo, ninp 
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samples feom serIes three, fourteen samples; and from series 

four, nine samples. 
TIlE' resnlts ohtaint'o from these nwchanical analyst's are 

shown in the following tabulated statt'ment. (R.-7-3921-Wl25.) 

'l'ABVLNI'FD n,\'!',\ O~ 'I'HF 'I'OP 'IOU"" OB' 'PHI' SU('C'ERSTVE DUKr. RElUES 
TN THE mn BEND. VEPTH, ()-3 INCHES. 

Roil hole 
Illnnhcr. 

Dune Selies No. 1. 

Percentage loi!!(Nl on "rrppn" 
arrang€d [lcroniing to S17.e of 

mpsh 0 f ser0en. 
Nf'ar Nenr ------ Pass 

___________ ILon!(i1mle. Tat~~~_s_._I~~~~I~~~ 200. ~ 

f,r. ______________________ 1 %-~R-47 :140--&--41 0 0 T1'. R.7 67.5 13.2 10.6 
67 ____ ____ ____ ____ _____ <)8-88-.10 ~13--Il 0 I) .] 17.:' 618 10 . .0 1().' 
63 ______________________ q&--38-4fi 34-P--1l 0 I) 'T'1'. 6.5 467 18 7 2~.O 

m ____________________ Q"'-°8__44 34~&--41 0 0 T1'. 7.8 -1-1.6 25.1 22.0 
70 ___ _ ... _______ . 'l8__B7-25 84-8-.'iO 0 0 'I'r. ]() 8 61.0 16.4 lZ.2 
7] - ________________ . ___ I '18-37-24 .~4-8-50 () (} 'T'r. 7.9 44'()1 26.1 21.8 
72 ________________________ 1 9&--37-18 84-8--13 0 0 0 4·.2 45.4 31).2 20.1 
87 ______ .________________ <)9-38-'18 ')1-8--11 0 0

1 

'.rr. 7.0 5,.2 17.8 20.0 
73 ______________________ 1 08-36-40 34-&--5, 0 O. 0 2.3 38.7, 34 n :\4.5 
i9 _____________________ ' 98-87-20 34-8-54 0 ol[ .3 14.0 4·1.~1 15.9 20,.-1 

100 ______________________ 98--3Ii-35 ~1-&--5 0 0 'rr. 3.1l 562, 24.2 ]6.() 

Avrl'ag.o amount of f1l1(' motrrial pa'ising !l '200-me<;jh screen in to}) soil of Dune 
SE'l'ie~ NO.1 in tlw Big l~enrl, a~ nctf'rmincn hy analYSis of elevr.ll :.:::alllple" _____ 20 1% 

SoH hole 
11lnnber. 

Dl1ne RerieR No.2. 

Perrentage IOi!!(ed on Rrreen~ 
al'rang~d aerording to size of 

nlesh of seroen. 
Nrar ~ear ---------------- Pa<:;s 

Longitufie. Latitude. _ 8. 14. 28. I 48. 100. I 200. 2OG. 

7J ___ .=~~==~= ----98=;:4~1-~1-8--h81-~ ---: --.4--: ~J-:~-:-: 
70 _______________________ ns-~8-4R 34·-&--fi8 0 0 Tr. 6.3 51.2 ~4.2 R.~ 

77 ______________________ 98--38-1') 34c-8-1)8 () 0 .5 DO fiO.() ~O.O 1().5 
78 ______________________ QR-38-30i 31-8-n8 0 0 '.rr. n.8 52 2 29.2 128 
7~ ______________________ 9!Hl8__"1 i 31-S-/iS () 0 Tr. 4.7 46_9 36.4 12.0 
80 ______________________ 98-38-161 34-8-117 0 () Tr. 6.6 14.5 31.1 1~.9 
2-1 _______________________ 98-38-17 34-8-37 0 0 Tr. 8.2

1 

45.7 27.3 18.4 
()!l_______________________ %-38-431 34-8-28 () 0 Tr. 9.6 47.9 21.2 21'.2 

Wi ______________________ Near:"fo 2{_ _________ 0 0 .2· 7.2, 49.3 28.:1 14.8 

Average amount of fine material [la&sing a 20-mesb screen in top soil of Dune 
Series No.2 in the nil! nf lid n~ dflpTnlinea !Iv 3nRJ,,~is of nine sa:mplp~ .. _____ 16.3% 
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son hole 
number. 

U1I'iversdy oj Te<ws Bulletin 

Dune Sell~ :N" o. 3. 

Central Part 01 Big Bend. 

I 
Percentage lodged on screens 
ulfanged according to sim of 

lIlesh of scr0Cn. 
Xear Nmlr -----___ , ___ ~_ Pass 

ILongItude. l.atitude. 8. 14. 1 28. I 48. I 100. : 200. 200. 

82 ___ =_=~=~=='---:-38-3! --34-9-19--0--0' Tr.I--8~·-6~~i-::-: 
~~ ______________________ 98-38-3,3 34-0-J9 0 0 'rr.~ 5.2 72.1 1\).2 3.3 
84 ______________________ 98-38-36 31-9-19 0 0 '1'1'. 5.2 71.3 19.2 4.2 
&"i ____________________ _ 98-38-26 &1-9-21 0 0 0' 5.9 69'.7, 20.9 3.4 
8(, ______________________ 9'8-38-2'5 34-9-21 0 0 '1'1" 5.7 73.5' 18.4 2.4 
42 ______________________ 98-38-45 34-9~1 0 0 1.2' 20.4 61.:; 11.7 5.1 
44 ______________________ 9&-38-43 34-9-3 0 0 .3g'I13.8 64.5 13.8 7.4 

103 ______________________ 98-38-31 34-9~20 0 0 3.2 68.3 2,1.2 4.2 
28 ______________________ 98-38-17 31-9-15, 0 0 3.5 53.3 33.6 7.5 

Soil hole 
number. 

Dune Series ~ o. 3. 

i 

Goat TH!untl. 

Percentage lodged on screcns 
arranged aceol'ding to size of 

mesh of scroon. I 
Near Near ------, Pass 

________ ~ Lon'::itUCle'

l 

Latitllde~ ~+2~ _ 3~~_J.!~:_-!-':0()-=- !O()-=-I~ 

88 ______________________ 98-36-50 3±-9c 13 01 0 '1'1'.1 3.2' 48.3 32.2 16.2 
89 ______________________ 98-36-47 34--0-14 0, 0 '1'1'. 2.0', 55.5 34.61 7.8 

Soil hole 
number. 

9() ___ ~~. _______________ _ 

1TI _____________________ _ 

Soil hole 
number. 

Dune Series No.3. 

NortllCrn Part of Dig nenl1. 

Pmcentage lodged on screens 
arrunged according to sizCI of 

mesh of screen. 
Near Near 'I 

Longitude. Latitude. S. 14. _ .... _---,---

9&-88-11 34-9-33! 0 
9&-38-7 3H)L32 0 

Dune- Selies No.3. 

Oklahoma. 

28. 
------1 Pass 

48. 100. 200. 200. 

Percentage 10dg0d on screens 
arranged aCP.'orrting to size' of 

mesh of screen. 
Near :"/ear ---------- -.------- Pass 

Longitude. Latitude. 8. 14. 28'148' 100. I 200. 200'. 

101 ______________________ --~CC~'~l-~:- --0 --0 -~ ~~ ~~~I-:I--: 

AveIage amount of fine Inatelial passing a 200-mesh ,.,creen in top soil of Dune \ 
S€lieS' )/0. 3 iII the Big Bend, indudmg one in Okla!lonla, as determined by 
analysi, of tOlll·teen samples _______________________________________________ -,--____ 5.3% 
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Dune Series ~ o. .1. 
.~--------.----- -----

Percen tage lorlg-ed on S('rl'('n~ 
Soil bole al'rang~d according to size of 
number. 111p.sh of SCl'-een. 

)ipar Nf'al' ----.---~- Pass 
________ ,I~ongitnf],e. J.ati~~ _8'_\_~\~:_L~~12~~1 200. 200. 

')02 _____ .________________ °3-38-13 34-!)-~9 0 01 1~.5 2Q.31 63.2 6.0 .7 
93 __ " _ .... _____________ . 9R-38-7 34-9C,40 I) 0 .4 &.0 64.9' 18.4 3.2 
9'.j _._.__________________ 9R-:18-12 ~1-9~~9 0 0 1.2 30.4 63.3 4.01 .4 
W ______________________ qR-38-22 3·j-9-1() 0 ()I '1'1'. 5.7 86.0, 6.7' .il 
'Jill -- _____ .___________ qR-87-21 84-Q-2YI 0 01 G, 4'.1 74.0'1 21.11 .7 

102 ---------------------- ,\vel'agr 1 <;;i,amples in I' I' 

fInne e1'O" s~etion __ 1 () 0 2.3 41.4 50.71 5.0 .6 
103 ____________________ ._ Sort b point "Goat! 

r'lanrl" .... ----------- () 01 Tr. 4.1 72.2
1 

21.Q .3 
95 - -- .. --- _____________ Sec. 23-5 S.-13 W.: I' I 

~6 ___._ _______ " S 7~{~a~~~Jas.::-ii--W:1 0 01 0 5.5
1 

82'°1 12.11 .2 

______ . __ ... OklahOIl1~_-----=i_~ 01 0\ 2.8
1 

57.5 21101 .B 

Averag-o arnount of flnf' material na.;:sing a. ~200-meqh ~rr(lpn in top 80il of Dnne 
Serif'.';' Ko. 4 jn the Big Tknd, aq detenninen by analysis of ninp. samples ______ .88% 

It will be seen that these analYHes indicate a progressive 
increase with age in the amount of fine material in the top 
soils. The amount of material passing the finest screen, the 
200-mesh or 40,000 openings to the square inch, is the most 
striking', varying according' to these results from an average 
of less than one per cent. in samples from the new dnnes, 
dune series foul', to slightly more than twenty per eent. in thr 
oldest dunes, dune series one. 

It has been previously noted that in Q,'eneral :1ppearance the 
soils of dune series one and two are similar. Accordingly it is 
not unxpected that the top twils of dune Reries two are found 
to contain almost m: mnch fine material as those of dune RerieR 
one, the average as obtained from nine samples bf'illg sixteen 
and three-fourths per cent. as against twpnty and onp-tenth 
pet' cent. in dune series one. In contrast to this are the In1lPh 

younger soils of dune series three, where the average fine 
material in the top soil nppPRred RS five and three-tenths pel' 
cent. 

'1'he conclusiou dra'wn from tlH'sP analyses is that the fine 
material in the top soils of dnnes nndergoes a progressivE' in­
crease with tIle age of the (hlllcs. 'rhis incI'case in finE' mate-

- . 
rial is evidently onf' of thf' factors in the alteratioll of soil" 
followed as it i- II,\' tllP I1ltf'l':liiol1 in plant gl'()wth, inclucling-
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successive plant associations nnW the climax stage of plant 
development is attained, 

In a study of the alteration in top soils dunes present 
special advantages. Most soils include as formed a mixture 
of coarse and fine material. This, however, is not true of 
dunes. In the work of the wind the coarse material of tlHl 
sand bed is left behind while the very fine material is lifted 
high into the' air a.nd entirely removed. Th(' dune inclndcs 
sand grains of selected sizes such as the wind is able to lift 
and transport short distances, without dropping and finally 
to push up the sides to the crest of the accumulation dune. 
The result is the accnmulation of sand having the grains of 
Ulliform si>:e within narrow limits. The dnne hegins its life 
history, therefore, with a soil of uniform sized gl'aim:. The 
pronounced increase, in the relative amount of tine material 
in the top soil~ of the dmles is therefore a('cepted as an age 
characteristic. 

The Actual Age of the Dunes. 

Although the relat.ive age of dunes in the river valley is 
indicated by the charade!' of the t.op soils, their actual age 
l'emains nnknown. If, however, it he assumed that age of 
anyone of the dllne s('ries, as EoI' instance the youngest, can 
be approximately determined by its .timber growth, and it' 
uniformity in the rate of accumulation of fine material in the 
lop soils he assumed, an artnal minimum age can then be 
computed for all of the dunes. Calcltlations of this kind 
were given ill tll e testimony. (R.-7 -3931.) 

CAUSES OF INCREASED I<'INENESS IN TOP SOILS OF DUNES. 

rrl1e agencies which operate It! soj] format.ion in t.he nunes 

are dOllbtlcflS esscntially the agencieR t.hat bring about soil 
formation elsewhere. 'iVhen first accumulated, as already 
noted, duneR consist of Rand grains approximating uniformity 
in size'! They include at. this timE' sueh material as the win<1 

ifl able 10 transport no more than a short distance beyond the 
margin of the sand plain of the river, which is the source of 
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supply, tllC vel'Y coarse material being' left behind and the 

vet'y fine entirely removed. However, once cut off from the 
~ource of supply a~ by an intervening strip of vegetation cov­
ered land the dunes no longer receive additions of sand of 
this degree of coarseness, and after coming to rest or approxi­
mately to rest, soil formatioll begins. Thel'eafter alteration in 
the soil materials so far as concerns meeltanical constituents is 
necessarily in the direction of increased fineness, as coarse 
~ ind blown material can no longer reach the dunes. 

Disintegration of Soil Particles. 

Agencietl bringing a bout diRintegration of rock particles 
operate universally over the earth's surface. In the processes 
of decay, r\lcks fall illto smaller particles. Heat and cold, act­
ing alternately bring a bout exp:-lllsion and contraction result­
ing in fracturing the rocks. By reason of the expansive 
force of icc freezing' promotes fracture of rocks and mate­
J'ialfl. 80111tion, in so far as it operates, reduces the size of 
the mineral particles affected. In estimating the effect or 
these agencies on sand dunes and the time required to bring 
about changes, it is necessary to tal<e into consideration the 
('haracter of the sand of dunes, which is chiefly silica, a min­
eral very resistant to these disinetgrating agencies. Increased 
fineness in the top soil of sand dunes if brought about en­
tirely by the ordinary agencies of decay would necessarily­
be a very slow process. An appl'eciahle change in the texture 
of the top soils oE dunes attributed to these agencies, there­
fore, would indicate long intervals oE time. 

Addition of Fine Material to the Soil by the Decay of Plants. 

The deeay and disilltegratioll of plantR adds fine material" 
to the top soils. Since these dnnes became stable successive 
generations of graRsr~, weeds, :.;hrubR, and trees have 
grown to maturity a110- decayed. fn the woody structure of 
plants are illduded, more or less inorg'anic material SUdl as 
remains aR ash when the plants are burned. Upon. decay 
this plant ash or a part of it become:.; an ingredient of the 
soil and adds to the relative fineness of soil particles. 
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Wind Elo\> n Material ill the Soil 

In conlleetion with the work of the wind it was stated that 
,the very fine material taken by the winds are lifted into the 
ail' and entirely removed. The distance these"lighter mate­
l'ial:-; are narried is Ilnknown and the place ,Nhere the fine dust 
ultimately falls has 110t been determined. 'l'hat it becomes 
widely scattered is certaill, alld that some of it settles on tht' 
dunes as on other lands is a reasonable assumption.. If this 
is true, the duneR in the valley are constantly receiving some 
fine material from this sonrce, bringing abont increased fine­
ness ill the top soils r01lghl~T proportionate to the age of the 
dunes. 

Dust Settling from the Atmosphere. 

That dw,t in RIllall <]llalltitit's is \'eI'Y grnerally pl'esent in 
the atmosphel't' is a fact made known by a nmulwr of seien­
ti"t.s. T'he slow aef'nmulation of dl1Rt f10m this source affects 
all lalld more or less. On thc high early Pleistonene ten-aces 
"9f the Red River are loess deposits which in the vicinity of 
~l'idgetowl1 reach n thickness of about t.hirty feet. (R.-7-
3837.) 'rhe loess deposits are by some regarded as including 
ehiefly dust deposited from t.he atmosphere. If loess depoc;its 
have accumulated to a thiekness of thirty 1'ret, since ern!)' 
Pleistocene time, it is not unreasonable t.o assnme that simi­
hlr materialt; deposited 1'1'0111 tIlt' atmosphere have materially 
affected the top soilt; of the older dunes ill this valley. 

It is t.hns shown that among agencies operating to bring 
;a bout increased fineness in the top soils of dnnes are: (1) 

Decay, diSintegration and partial fw1ution of the soil particles, 

a proeeRS operating Rlovvly in the case of a dune composed of 

Rillceous Band i (Z) decay in p1antR, tllUR anding the lDorgal1 C 
constitnents of ash of the plant stem to tllp soil, a process 
}IY which the fine matprials of the a8h an- added i 0 the soi18; 
(3) plant root.: traversing the soils, promoting partial solu­
tion and hence l'eduetio]] in size of soil particles; (4) fillfl 
wind blow material gathered from the sand plain of the river; 
and (5) atmospheric dnst which SE'UIE's gpllerally ovel' thr 
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land Hml lS nerirrc1 fl'om unknown ([ll(l pl'ohnhly "anon,; 
sonrces. 

'[,herc are (hmhilcss other agenelPs a f'Cpciing' the top soil 
Howeyer, w1111e it may he Ciiffielllt to l'e('ogniz(' all the agen­

cies opel'ating a11<l tb(' relative importance of f'aeh, it is pos­

sible to l'eeognize the l'esult which is n grHdual development 

of a soil with diversity of soil partielcs in eontraCiistinetion 

to the 10o~e sand or approximate uniformity of si~e of par" 
tiele8 of the orig'inn1 sands of the dunes. 

WORK OF THE UNITED STATES BUl:UiJAU OF SOILS ON DUNES. 

Aft('1' t11e di8e11'8Rio11 on the top ':;.oi1s of (hmci'i and OIl soils in 
'general in this valle~T ha(l heen presented, the United StateR 
callen into thc flaRe erda in men of th(' Unit('d States Bll1'eall of 
Soils, including II. IT. Dennett, h B. OhlIllstead, B. H. IIpll­

driek>'ol1 and otherI'. The 'PurPORP or (',aIlillg' in theRe lIlen was 
to' C'he('k th(' ohservations made by the State of Texas on dune 
soils alld on ~oiJ:;: in !~cnera1. 'With regard to the top i'ioil of 
dnneR their reRnltR may lJP hriefly stated 111'1 follows in terllli'i of 
materialR of Rufficient fineness to 'Pass il, 200-mesh S'Cl'('en: FOl' 
DUlle Serie~ 1, 1 R.5% ; for Dune SerieR 2, 11).7% ; for DUll(~ SA/,­
ieR 3, 12.;)7~J; and for Dune SAries 4, 8.2%. (R. 9-fl092-5098). 

l~pOll eomparing tlle"e reRlllts -\vith those [H'evionsly ohtained 
h~' 111e 1nitrl' it will he ohs(~rved thnl with regard to the ques­
tion of relative age of dnneg, 1he results are in agreement to the 
extent at least of indicating that the oldrr the d1ll1e the higher 
the pel'('(,lltag'e of fine ma.tC'rials in thc top soilR. As regard" 
Dlllle S(,l'ieH 1 and 2 it vvill he seen that therel arc- no material di:ll' 
fercllI P'i ill ]'('Rll]tS. l j'ol' Dun€' SerieR 1, the writer's averagc 0 [ 

material pasH'ing a 200-mesh screen is 20.1 !ft), aF; against 18.1 % 
ill this du:,ck test: and for Dune Seriei'i 2, 16. % as agaimt 
1fj.7c~ in the eheck t<'8t. Tll Dnne Series 3 and 4, howc'V('r, the 
c1iffel'ell('e" in this rcspect are materiaL The ,vriter's test on 
DIi1le Series ~), indicated an average of fl. 0/" , paRRing tIl(' 200-
mesh sC'rePll, \\'hile BrllnC'tt and Ohlm8tead obtain an avel'age of 
]2.5%. [n Dune Series 4, the differenr'es in l'Csults are mnch 
greater, the writer '8 :1Verage heing' le~R than one pel' cent, while 
theirn if< in fxC'eRS of 8%). 
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The method of treatment of these samples' of top soils were 
intended to be the same alld probably were essentially so. In 
the methods of iakin!,l' the samples, howe vel', there were diifel'­
('nces, which may have materially affected thc results. As al­
ready explained an samples taken by the writer were essentially 
('ores of soil. That is a hollow rylindel' was pushed into the 
ground to a depth of three inches and upon removal brought 
with it a C'Or€' of soil to that depth with llO possibility of includ­
ing an undnc amount of soil from any particular lcvel in the 
three illch s('ctions. '1'he method of taking samples followed by 
jUps'scrs. Bennett and Ohlmstead as described by them was to 
first excavate into the soil and to take a, sample to the depth 
of three inches from the side of the eKea vation by means of a 
shovel. 

A sample fOl" this purpose should ('ontain a trne and proper 
amount of soil from each inch or fractional part of an inch of 
the whole three-inch sec:tion. When a shovel is, 'Used there is 
lle(~es.sarily a breaking down and ca,ving of the soil at the sides 
and particularly at the tip of the 'shovel, the result being pos­
flibly an imperfectly proportioned sample. 

Whateve)' may he thc explanation of the consider'able differ­
cnce in result with res'Pect to Dunc Serics 3 and 4, the differ­
('HC'es are not such ar;; t.o affect the coneiusion of this observation, 
namely that increased age of dunes is accompanied by a relative 
increase ill the fine materials of the top soils. 

Mr, H, H. Bennett of thc United States Bureau of Soils 
states (R.-9-5129.) that he had read the tes,timony in the case 
and that he understood the writer's cOllclllsions to be that the 
fine material of th(' top soils of dune'l came from the atmos­
phere, and based his discll'lsioll on that nnderstallding. How 
imperfect was his understanding of the testimony will become 

apparent hy referring to the writer's testimony all tIlis pojl1~ 
where the followillg' 'Statemellt was madc and wa,", available to 
him at the timp his tes,timony was gi I'ell': 

"* * '" I will say in that connection that settlings from the 
Htmos]Jhere would not be the only factor operating in making fine­
ness in the soils of the dunes, that is to say, sand piled up will of 
itself gradually disintegrate, particularly when it has a lot of 
vegetation overlying it with the roots running through the sands 
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and the juices or acids of the roots operating on the sand, also the 
organic matter of plants growing and falling into the sands all will 
influence the fineness of the top soil. So that the factor of settling 
from the atmosphere is not the only one concerned in increased 
fineness of top soils in such an accumulation of sand. However, 
the principle involved does not materially differ. The point that 
is sought is to find first if there is an increase in the amount of 
fine material which might be epxressed as an increased loaminess of 
the top soil, incre8Jsed amount of loam in the top soil; hence the 
idea that I had in mind apparently could be followed regardless of 
what ]Jarticular factor may have been influential in increasing the fine. 
ness of the top soil. * ., "." (R.-7-3928.) 

AGE AS INDICATED BY BORDERING BLUFFS. 

'I'he bOl'dering bluffs in many cases, may be used in determin­
ing relative ages of the valleys' or parts of It valley. A bluff 
recently abandoned by the riYel" is, in general steep and abrupt, 
but a,fter being abandoned gradually decreases in steepness, the 
slope becoming progressively gentle with age. Given uniform­
ity of material:-; and conditions therefore the slope of the bluff 
will indicate the relative age of the valleys' or parts of a val· 
ley. Thel'e al'e however, many eouditions which modify the 
operation of this process. :B'il'st among these conditions is the 
eharaeier of the material of whieh the bluffs are composed. In 
ROlllf'o Im'alities the bluff may consist chiefly of rock, which of 
eOurse is resistant to decay. At other localities the hluff may 
('()mi~t of layeJ'fl of rock, alternating' with softer' materials. Un­
del' either of thrsc e'onditiol1s the bll1ff retains its steepness for 
relatively 1011g' periods of time. On the other hand the bluff 
may consi~t of soft materials, either loess, elays or shales. These 
mat('rial~ although hnt little indurated may nevertheless, behave 
(liffel'(,lltly ll11cler processes of decay. 'rhe loess, in pa,rticnlar 
frequently maintains in erosion and disintegration a verticaJ 
front, practieally regardleils of agt'.l 

'Dr. J. A. Udden in a personal communication has suggested the 
following explanation to account for loess bluffs weathering vertical. 
Assuming that the loess is wind deposited it certainly accumulated 
very slowly, and in the course of its accumUlation there grew up 
successive generations of plants of various kinds, including grasses, 
weeds, shrubs and in many cases timber growth. The roots of these 
plants. particularly the larger plants such as shrubs and trees, must 
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J II additlOll to material" of whieh the bluffs arc compo'ied 
the 1'(' arc other laciol';, H ffectlJlg' the development of the 
slopc~. Thlls Hprillgs eIllel'~iJlg at tile foot of a hlnff may Hf:]­

sis'l· in mailltaining tllP steelmess of the bluff. 'rhis effect is 
lwought about dOllhtles,s l)y 1 he f:ld thiat the water-soaked 
material at thc foot "ill under these conditions (lisintegrate 
Ulore rapidlr than the le'ss watcr-~oaked material higher in the 
hln£.[, thns maintaining lhe '~tecplless of the bluff. Timber 
~ro\Vih on and at the foot of the bluffs presnmably assist in 
mainTaining' the stcepne~s. The presence or absence of a lmck­
water stream flowing adjacent to the blnH likewise affects the 
rate al which the blllff lose~ it:-; steepnc:-,s. There me doubt­
less other factOl sand c011<lition8 that shol1ld be enumerated in 
thi" connec·tioll. However, notwithstanding all such factors 
the general obs,el'vatioll holds that the relative age or the va1-
le~'s may in general be detlermined hr the r-haracteristics of the 
bhrff. In ge'neral PUTts of the valley, which upon other chal'­
aderistics are classed as the oldest land of the valley, have the 
most gentl(' OJ' gently s'loping bin fl's , while the newest valleY1> 
or newest parts of each valley, have in general relatively steep 
bluffs. Wherel exceptions are found to this rule, the explana­
tiOll is usually apparent either from the cha,racter of the mate­
rials of the 1>lnff or from some 0110 0.£ t11e other conditions mCll­
tioned. 

,V11ile the bluffs ape thus of aid 111 determining the relative 
a,ge of val1e)Ts, 110 o]lporinnity has heen Immd to utilize the 
hluffR in determining' actual age in yea,rs. 

Among other phYRi<'al features of Ow river valley should be 
mentioned. perhaps the flats between the dunes. In most cases 
the""!' flats as clsewhere stated merely represent so much of the 

original river vaHey land not covered by the aecumulatioll of 
duneR. In Rome c'ases, of conrse the river at overflow stages rl!l~, 

passed acros,s sl1('h lands, and ha::: l"ft an accumulation of secli-

certainly exert in the course of their growth lateral pressure on the 
accumulating deposits. In the main the Toots penetrate downwards 
flO that the compacting of the deposits tends along vertical lines. 
The stems and TOOts of plants upon decaying likewise create lines 
of weakness. It is this lateral compacting by plant growth accord­
ing to Dr. Udden's suggestion that accounts for the lopss weathering 
to vertical bluffs. 
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l1H'uts or il\, some insta.l)('(,R has produced t)'COUl' ebauuels. 'rhere 
an also 10rnl gO'ngcs eaused 11y the J'ivet' at ovcrflOlv stage 
SlIell gOllg('S, forming ill some ill~tan('es small ponds of water, 
are particularly likely to OCCU1' at the place where the ri,vel' 
'water in ovcrfiow stage pa~ses from higher onto lower land, 
the gouge being- due to the inrl'eased yelocity of the water in 

pas~ing down the slope', rehese last named features however, 
]Wyp not bpl'll fonnd to be of service ill determining the relative 
Or aetnal age of the' river valley lanel. 

'I'll" di~enssi()n of the allnvial fans of the river valley with 
l'eg';Jl'(l jo lIll' age of jhe Jantl 'will follow the discns",ion of th(' 
timher growth. 

AGE AS UETERMINED BY GEOLOGIC FEATURES. 

It is prohahly true that thl' flood plain 0,[ this river is of sO' 
late date that extinct animal" cannot be expected to be found 
ilH'llldrd m; prima,r~' fOf,s,i}sl in thp secliments. At lealst no fmeh 
fossils ",pr'e ohtainetl in c'onnertion wi1h this' invpstigation. 
However, rrmainR of the rxisting bison, and some assoe:'ltecl ani­
mals were taken froIll V:UiOl1S plarrs in thr valley." 

The bison i, knowll jo havr he(~ome extill(,t in this valley so 
rerently as SOIllC' fOlty 01' fift:v years' ago. 'I'be re('overy of the 
hiflol1 l'emaim, therefore has no pIH'tirnlar' signifieallC'e as to the 
age of tlw' valley, th(' range 0 r this species being from prohably 
late P]c"iRtoeene to the pl'C'sellt. It Wa's thought. possible how­
eyp]" that elwmieal analysl'si of the hison and other bones might 
cOlltrihntr information of some valne in this eonnection. Ae­
rordilHd~- chemica.l analyseR were made nndrr direction of Dr. 
E. P. 8choeh of a number of bOlles from the valley land, check­
ed by the analyses of two bones from the known Pleistocene ter­

race, and a recent bOlle, Thr resnlt of these analyses' a.re indi­
cated in thl' accompanying table. (R.-7-3967). 

'The writer is indebted to Dr. 0, P. Hay for having reviewed the 
identification of all bison remains obtained from this valley. 
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'I'ABlTT.ATRD S'l'A'I'EMlcNT OF (;H.I£~nCAL ANALYSES OF FOS:::TT, nONES. 
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Recent llone 
No. 24 __________ 4.20% 37.59% 22.7c% ~1.80% 0.60% ],03% 1.JO% 

Bones from the 
river valley 

;"lo. t __________ 1() 40% 22.68% 17.78% <1~.88-% 1.&1% 1.24% 1.18% 
No. ,1 ______ ---- .'1.90 24.41 23.89 :13.45 068 029 0 .. 13 
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'rIlE' locHlitiec.: frolll ",lJi('h theRr hones Irerc ohtaillcd an' HR 
follows: 

No.4. Scapula of bison, found about one-third mile above 
Grandfield Bridge. at a depth of three and one-half feet [rom t.he 
surface. Locality 4 on geologic map. 

No.5. Astragalus or bison, same localit.y and depth as No.4. 
No. Ui. Pelvic bone of bison, found approximat.ely one mile ahovB 

the Grandfield Brirlge. 
No. 20. Bison bones, found at. the entrance of Wild Horse Creek 

into the valley. Loc~lit.y 20 on geologic Illap or the Big Bend 
topographic sheet (not republished). 

No. 23. Part of rib [rom locality in the Dig Bend, 4,000 feet 
from the Texas bluff, found in sand dune at a depth of seven feet. 

I,ongitude 98-38-18. 
No. 26. Buffalo spine from about one-third mile we~t of 

Bridgetown and neal' locality 4 on geologic map of the Grandfield 
topographic sheet. 

No. 27. Part of vertebra of lJison from same locality as No. 26. 
No. 28. Rison bone, from same individual as skull shown in 

Plate 4, found 2,000 feet west of Bridgetown at a depth of six 
feet from the surface. Locality No. 2 on the geolop;ic map of the 
Grandfield Bridge sheet. 

No. 31. Rone, unidentified. from sand dune at depth of three 
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feet. Locality No. 31 on the Big Bend geologic map (not repnb­

.lished). Longitude 98-38-4::', latitude 34-08-fiO. 
No. :~2. Bone, probably bison, fonnd imbedded in clay at a 

depth of two feet and fonI' inches. Fonnd, in tho valley about 
3,000 feet north of Wichita Falls and Northwestern raill'Oal[ and 
1,000 leet from the Texas bluff . 
• Nos. 2!i and 30. l<'rom tile Pleistocene terraces on the Tex,ts 

bluff, neal' Bridgetown. 

In thc ('H~e of all bOlI('S usc(l jll makillg chemical analyses 
the cOlldition of OC111'l'ence i:-; snell aR to indicate primary fossils 
Nos. 4 and :"i are prolHlb1y of the Rume individual and show no 
erosion, tlw thill margins of the scapula being well preserved. 
::\PN. 2fi cilld 27 OC'(,llr under similar conditions. No. 16 ill' 

elncltR pelviC' lJOlles. l\t tlw 10(,<llit) fl'om whieh No. 20 camp 
fire fOlilld IlllJnerOllN bi~on hOll(,~ ill<'lnlling teeth aTIct parts of 
the sknll. 

The s1\1111, Fig. 1, Pl. 4, aml a'osociated hones, No. 28, aTe 

[Ollllll ill thp I c-e11tl'<1nt valley of H smHll st],pam imbrdc]rll at it 

dept h of (,ix feet. 

'1'1](' lo('nlitil's at wllieh Ih(" Los"ils \Yerc fOllllcl nre inrlieatrd 
on the geolcgieal maps of the UrancHield, alld Big Bend 
topographie I-lheets. Of these tl1(' Grandfield B l'idg~ I-lheet 

is J'epl'()(lueE'rl in this report. 
111 )[o\'Plllher, 1C)~1, alld ",11i1r tpstim011Y in this case was he­

iug giYPIl ill vVasilingtoJl, 7If1'. P. rr. SpasllOre, working 111](le1' 

thE' w1'ite]' 's (linl'tioll, llisrOYE'l'e(l parts of a hison skeleton ill 

ihe river \'alley 1H'al' tile 1l01'tllf'Tn mal'gin or the Devol I1ridge 
topographie sh~et, at a distance of abollt 8200 feAt from the 
Texils hlnff. (lJollg'itucle 9H-86-80. latitude 34-08-55.) Thil-l 

I-lkcletol1 was fOHnd in a slight (lepresRiol1. The parts preserved 
im'lnded tIle gl'eatel' pad of the fOll], legs ,and parts of the seap­

ll1ac. The animal had eyidE'lltly beC'ome mired in the poml, 

011l~7 that pa Ii of the skeletol! ],emaining, whieb \\'as ill the 

mnd. The bone~ are \\'ell mineralized ancl have the char­

al'tni"t 'Ceo of fossil ClS disti1l!.!,nishe(1 from ]'rce11t hOlles. (Plate 
liT, l<'ig. :2.1. 

Thr skpletOll ohtaillrd at tlliR 10(·ality was shipllccl to 'Wash­

illgtr 11. []owe"e]', ('wing to delay in tl"anl-l[lol't.ntion it was not 

reeei\,i'd llntil tabng of teNtimollY had hern completed and it 

,vas not [lm;"ihlp, tlw]'dOl'e. to snhmit pvidf'llCr relntillg to thi" 
fossil. 
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With regard to tlwf,e analyses it will be ::;een thai the bones 
obtained from the rinT valley arc millel'ali7,ed and in some 
installees are as much mineralized as are the hones from the 
kno\\ 11 Plcisioerne terral e. On the other ha11(l it is ohserved 
that the b011eR are not uniformly and c011sistantly minel'ali7,ed 
to an equiYalellt degree among themliClves nor h~' the same 
ehcmi('al agem~ies. The votalile matter is considerably lower in 
the fo~::;ils than in the reeent bone, rrIrc fossil bones have on the 
average aeqnired an ilwreas.ed alllount of siliea although in 
~()me bOlles the alllo 1 llli of silica is not at all illcreased. One 
hone obtinrd from a ::;aml rlnne was Ilotably high in irol1. 

The mineralized ('OIH1 iiio11 of thE" hones of the bisoll and other 
s1I1allel' :mimalR found imbedded in the ]'ive1> valley lands sug­
gests with othn feahHes a eOllS·iderable although undetermined 
ag'e of the valleys. 

AGFJ OF' THl<j RTVBJR VALLl:<jY AS INDICATED BY THE SOILS. 

The soil" in tht' Big Beue! \'alley were ::;todied and mapped 
liy the writer, a:-,sis1t'd hy ~Hr. P. T, Sea~hore. Soil maps we['e 
mad!:' for the folll' 1opographic sheets coVC'ring this yalley, the 
Gl'andfield Bridge, Illig Bend, Devol and Brushy Creek sheets, 
OJ these maps tIl(' Big l1e11(l sheet is re'llroduee ill this bulletin. 
The soils WP1't' treated fl'mn the standpoint of diversit)" sncccss­
Nioll and 1hieklless. 

Diversity of Soil. 

The diye1'~it,\, of soil is expreRsed hy the soil map. With re" 
gard to age charact.el'isti<,s the initer express'rd the opinion 
that divel sity of soil in this valley was an indicatioll of con­
siderable age. The particular ageneies mentioned as hringing 
a l)(l1lt eli \'ersity of soils progressive with age were the following': 

The river valley land when first h11 ilt in by the riYe1' is level 
or flat, sandy and prl:'senis ill a broad sense but little diversity. 
However, when 811 bjected to ovprf1ow by the river the soil lS 

modified hy the aC<'1111111 latioll of vel'y fille s.ediments. whieh 
settl!:'s out of the river water. '1'he soil at this time is therefore 
e haraetel'izecl h,\T a relatively thin COy('l'illg of fine loam or silt. 
rlldel'neath ,this silt forming the sub-soil is found the river-ae­
cnmulated semel. Soil of this blld iyaS TJlared by the writer 
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under the gCllcl'alized clasisifiratloll of river-loam Hoil. In the 
areas which have seal'cely l'eceiYf'd allY pa l't of this overflow 
silt and whieh al'(~ limited in extent, the sOLI is sandy and was 
designated merely as new soil. A fmther step in the differentia­
tiOll in the soils is the accumnlation of sand d11lleR which an' 
piled by the action of the wind onto the river valley la.nd, The 
presence of the wind blown ~and introduces an entirely diffel­
ent tYPe of soil. The (lunCR themsclveR, as has alreally 

beell explained, undel'go lllodifLcatioll pl'ogressively ~\Yith 

al2'(> presenting varintion ill soils. In addition to the wind 
blown sands sediments are ,Y:JHhed ill directly from the hlnUs 
or eal'1'iod ill hy the llllmerOl1S '-ireamq which enter from the 
high lands, fOlluing fallS. The mat(,1'ial of the alluvio] fans 
(liffers ill eha ['aete1' from thai COl'ricd hy the ],iver. Sil1(~e 

therefol'e the lanel in the conrse of time I'eeeives a<~cnmul:1tion 

in the form of silt ill the overflow of ihe river, sand dUlles 1'e­
'ililtill!!, from wind 3c-tivi ly, ami aUn vial fans, resulting 1rom 
"ash :frOll1 the acljacent bluffs, tl1e'l'e is developed incl'ea:>ed 
divel "ity ill soil progres'sivE' with time, Aside [rom stating 
that sneh inc-reased diversity of soils indicates considerable age 
the writeI' (li(l l10t lltiempt to detenniue aetnal age from these 
observat ions. 

,Vit h l'e!!,:1l'rl to <1ivC1'si I irs of soils SCiP1ltists representing the 
Fllite(l Stale" BILrpan of Soils in their report made suhseqnellt-
1." on this yalley ('Olliellriec1 th:1t ~n'eat rlivcrsity in soils indl­
catps yonth. [n their elassification the soil mentioned hy the 
'Hiter as 1'ivel' loam is Lroken up according to its minor moclifi­
('aiio]]R il1to 1111mel'OUS "oils. No objection is made to the break­
illg np of OIl(' gel1E'1'ul t,vlle of soil, mapped by the writer as the 
l'il'(Tloam, into varioll~ soil iypes, provided of cours8' that sneh 
RnhrliYi~iolls ean «duall,v he l'P('ogui7.pd, '1'he principles on 
,,'lIi('11 the wl'iter\ (llg1Llnellt~ 011 age of this, valley <lee base(! are 
not aitr('ira hI' ihe tllo]'E' <letail('(l ~111)(li,'iRiolls of the RoilR in the 
11e\\,('1' jlmts of the l'illleYR. 

Age of the H.il·er Valley Lands as lll(1icated by Succession of Soih. 

'['h(' soil in this 1'il'er yallpy land doE'S not <'ons.is,t of a single 
Roil, hnt f1S a rule (,OllsiRts of a sncc-ec;sion of soils, one overLyIng 
the othE'r. ,\lmoRt witllOl1t exception in excavating in this 
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valley there can hc recogllized the fil'st 0)' orig'inal valley land 
soil, that is the soil that first ac<'um 11lated a lld on which vegeta­
tion undoubtedly had its first undisturbed grovvth. This soil 
corresponds in a general way t.o that which the writer has 
mapped in the newer parts of the Big Bend as river-loam soil. 
Overlying the 1ivel'-loam Roil in all the older paris of the val­
ley are soil mat('l'ials snl)Rpqnclltly a('cllmulated to YHryillg" 
depths. 

As in the casc of divcrsit)T Ilf Roilfi 110 attempt is madc from 
<;lH'CNIRi(lll of '~oils to df'terlllille adwll age. 'I'll(> fact, howeve'r, 
of the pxisience 0 t' R\I('( CRNiw soilfl ill these vallcys, togethel' 
with the reasonahle a<;~l1rallce that eaell soil Ntl'atmll rcprcflent-; 
clmngiug conditiOlll', llllcl rCfjuil'ec1 time for itN aC('lI111uJatioll, 
111)(1 ulldonbiedly supported' its own characteristic timbcr Ot' 

plant growth, is in accordance' with the general vimy that the 
land of the valley is of considerable age as meas1lred ill years. 

Age of the River Valley Lanel as Indicated by the Thickness of 
Eoils. 

Soil matelial;; havr acclllllulated abovp the origina1 river­
loa tll I(wpl in 1lli;; valley froll! olle to right fect ill tlriekues:-,;. 
III the 1>and dUlles of eOlll'N(' there is a ll1uch grcatcI' aCCllll111-
In tiOll of wind blo wn ma h'riu Is, alllOl111tiug in somE' im;i;lllc<'S 
to as mlleh as twenty 01' iwenty-ti\'C feet. 

'1'11e thiclmcsR of the Noih, togethel' wi1h tIll' timber gro1yl h 
\Vas uRed aN a baRiN ill lllakillg sOllle estimat.e'S as to approxi­

mate age of the vulley lands. In this conedioll til(' soil sec­
tion nt certain loealities 1ras deNnihed in (let.ail nnd i]JII~­

ll'ated hy ~oil tnhcs showing the aetnal thickneRR awl charac­
ter of the entire soil seetioll.l 

'The soil tubes of which a total of twenty-five tubes representing 
twenty-three soil sections were submitted were put up in the fol-
1011. ing form: An ex<,a vation was first made through the soil to the 
underlying river deposited sand. ,"rom the sides of this e..{cavation 
thore was then taken from each recognizable stratum, enough soil 
to fill the tube an amount eqnal to the thickness of the soil stratum. 
Thus a five foot soil would require a five foot tube, and the tube when 
filled would show each soil layer according to its true thickness and 

character, The excavations were made by pick and shovel, except 
in the high dunes where a soil auger was used. 
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The increased thickness of soils obviously would be on the 
a verage an indieation of increased age. Particularly is that 
true in valley land that is being bllilt by the settling of silt 
from the J'iver water and by the accumulation of wind 1)10W11 
sediments and by materials washed from the bluffs. 

One of the loealities 011 which detailed observatiolls were 

made is located hack of the Dune Sel'ies No.1, at 01' ll('a~' 

longitude 08-38-41, allc1 within abollt one hundred and twcnty­
nve feet of tlie Texas bluff (locatity 35 011 the soil map). ']'ho 
soil at this lo(~ality down to the original rivel> sand has ," 
depth of eig'ht feeL An elm tree growing in this soil upon 
being' cut was found to have au age of one hllndred and elevPIl 
or one hundred and thirteen years, as indicated by the growt h 

rings.J1}xamination was made of the tap or bra('e root;.; 0 I' 

this tree, whieh were fonnd to he illlbeddrct in the soil to a 
depth of from tIll ee to six: inche:-;, l\lea:ml'iug', llOwever, to 
the eentpL' of the tap 1'oot there would possibly be indiellie(l 
a fill ol about nine illches above the (~entel' of the tap root. 
Assuming that the soil has accumulated at an approximately 
uniform rate and tltHt as much it::; one foot has accumulated 
within the life of thiR treE', ,ye shonlcl have indicated Ilere 
soil aeeumulation at this locality at a rate approxiIlll:lting' Oll{~ 

foot pel' (·elltnry. Upon this basis a rough estimate of the 
timE' lIecessary to fl(~(~nmn1ate the eight foot section would 
hr in round numhel's (light hnmlJ'pd years. The locality as 

will he seen from the soil map is hack of ])une Aeries No. 1 
and near the Texas bluff. 

'With regard to the estimate of agE' as indicated by titi" 
soil sedion the original testimony (Recol'd page 3941) is in 

part as follows: 

"With regard to the soil sample at this particular locality I wish 
to repeat in a general way the statements about time being required 
for the accumulation of Each snceessive soil stratum from the voint 
that is above the material identified as nver sand to the snrface. 
I will not attempt to further describe each particular stratulll 
except to say that there seem to have been materials forming top 
soil from t.ime to time and on which, from their organic content 
and their appearance, I would naturally infer that vegetation was 
growing. Now, 1 have stated with regard to the soil tube previously 
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introduced that I had no basis by which to calculate into years the 
lengt.h of time required to build the, soil. With regard to the locality 
immediately in question at this time, there is a tree growing quite near 
whore the soil sample is taken and I have observed tho ]'oots and 
root system of the tree to see if it showed any indication of bogin­
ning its I';rowth when the land level was m11ch lower than now. 
I found that the lateral roots or brace roots were quite near the 
top ot the present soil, between three and six inches under the 
present soil. I therefore interpreted the fill at that place to be from 
three to six inches. However, those tap roots are of eOllsi<1erable 
size and if they were put out a little under the original soil and 
also grew and expanded, the centor of tho root remaining about 
where it started, but all sides growing, the top might have he en at 
the top of the soil if the soil had remained stationarY. So that I 
should say the fin there must be estimated at something like nine 
inches since that tree put out its brace roots. The amount of fill 
may he a litHe moro or it may be a little less than that exact 
H1110unt stated; 1 obtained my results by digging with a shovel 
down to the roots and making a measurment. and that is a close 
~tatelllent of the amount or fill. " '" * 

"I wished to use this tree to try and get an idea of the age of 
this soil. I met with the difficulty that there are numerous strata 
of soil-several strata of soil in the section. I cannot tell that 
each stratum accumulHtes at the same rate as each other stratum, 
in other words, there is no assurance of a uniformity in tho rate of 
the accumulation. Thoreforo, I could make no progress in esti­
mating the age of the land unless 1 make, for convenience of 
getting a concrete idea, some kind of an assumption as to the rate 
of progress. And not knowing whether the rate of progress 
OIl the average was faster than in receni years and not 
lrnowing whether the rate of progress of aecumulation of soil was 
not so fast in former as in recent years, I merely assumed that 
probably the rate of accumulation taken stratum by stratum was some­
thing like an average uniformity. By that I do not mean that each 
stratum was necessarily the same length o[ time in accumulating 
the same number of inches, but taking stratum by stratum and 
strike an average, that you can then apply the SUPllosition that 
something like uniformity ]lrevailed. The tree, as stated, is cer­
tainly above a hundred years, but I would rather consider it simply 
as a tree one century old ill this estimate, all of which is an approxi­
mation. Then I would also reel that to be safe we should think of 
those brace roots as C'oming out down as much, we will say, as a 
foot below the present surface, if we wish to be safe, and then with 
that estimate we shall get the result at something like gOO years 
as a minimum age for the accumulation of that soil, and since the 

whole estimate is a very rough approximation I would not wish to 
go beyond that statement." 
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AGE AS INDICATED BY TIlYlInJR GROWTH ON ALLUVIAL 
FANS. 

69 

'rhe tilllbel' growth of the l'iyer valley will be discussed by 
P L'ofessor 'l'hal"p, lJlld reference will be made here to only 
a few tl'res. As a means of making an approximate estimate 
of the time illterval involved in accumulating fans in front 
of the streams entering from the high laud, the writer cut 

and made observatiOJls on two trees. One of these trees found 
growing Oll an alluvial fan entering the valley near longitUde 
!}H-;)~J-D, latitude 34-08-39 (tree No. 26 of the tree map of the 
Big Bend topographic shert) , when CLlt was found from the 
growth of the rillg:-J to have an age of about one hundred 
and fifty years. ExcavatiorlH made arollud this tree uncover­
ing· the tap roots indicated that the main ,tap roots were 
covered hy fill OJ" wash froIIl the bluff to a depth of no more 
than a few inches. An excavation made at the side of this 
tree indicated the total fill at this place above the river de­
posited sand amounted to about four feet, varying from three 
and one-half to foul' and one-half feet. If the fill arollnd 
the tap roots of the tree represents an interval of time coin­
cident with the life of the tree amounting to one hundred and 
fifty yeari'i, and if it be assllmed that the rate of fill in front 
of this small stn~am has progressed at a lmiform rate, the 
length of time ne(~essary to accumulate this amount of fill as 
will be seen is six hundred years. That this represents the 
actual interval of time during which fill has been accumulat­
ing at. this locality is noi to be assumed. It doeR appear, 
however, that this method assists in giving a concrete idea 
of the fact that some centuries have elapsed since this strealll 
began to ac(mmulate a fan on the river vallcy land.1 

'Mr. Janes expressed the opinion in hi·s testimony that this 
particular tree grew not in the river valley proper, but on the 
bluff at the side of the valley. 'While the trees stood near the 
bluff, a soil boring made by the writer between the tree and the 
bluff established the fact that the river deposited sand extends 
under the tree and that the tree, although near the bluff, is in fact 
in the river valley. The relation of this tree to the bluff may be 
seen from the photograph, Figure 2, Plate 3. 



70 Univc;sity of 'lre.EaS Bullelin 

The SE'cond tree cut for the purpose of making an estimate 

on the age of the river valley land is located in the river 
valley in front of the E'ntranee of Wild Horse Creek (tree No. 
25, as shown on the timber inap). This tree, an elm, wa~ 
found from the growth rings to have an age of about one 
hundred years. Its tap roots were covered to a depth not 

in excess of six inches. The whole soil section at this local­
ity to the river dE'positecl saud was found to be four and 
~even-tenths feet. According to these measurements and al­
lowing on(~ foot as the amount of fill in one century, and as­
suming uniform rate of the accumulation of sediments it 
would appear that the sE'diments washed in by the river and 
the tributary had been accumulating here du'ring an interval of 
between foul' hundred a,nd five hundred yearS!. 

1111 conection with this locality in front of Wild Horse 
Creek, howfvE'r, it is to be observed that this creek heads 
~everal miles inland and becomes therefore in times of flood 
a considerable stream. 'Within the valley it has in places ex­

cavated a trench or channel for itself. It cannot be assumed 
therefore that deposition at this place within the valley of 
this stream has been continuous throughout the whole history 
of thE' valley. The soil on the particular spot where the tree 
is growing may have beeD reworked more than once by tl1<' 

strE'am itself. The only conclusion whi('h this particular tree 

affords therefore is that the soil immediately at this spot has 
not befll reworkE'cl within an interval eRtimated under these 
observations at four huwli'ed Or five hundred years. '1'11e ac­

tual age of the valley during which tile strealll has been oper­

ating may be several times as long. 

The L:ontention advallced by ecologists representing the Unit­
ed States and Oklahoma that all or the trees in the valley of an 
age in excess of one hundred years began their growth on 
islands is very properly characterized in the opinion of the 
Supreme Court as "speculative and not a proper basis for judg­
ment." The absurdity of this contention in regard to the trees 

is very well shown in the case of an elm known as "rfree No. 
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12" loeated ill the depression oee11 pied by "Vild Horse Creek. ir 

Upon heing eut this tree Was fOlllld to have atta.ined an age of 
Olle hnndred and forty-one years. (R-8~4344). '1'he soil in 
which the tree gTew is unlike the soil formed from river sedi. 
ments. On the contrary it is soil derived from the red Permian 
elays of the adjaeent uplands carried in and deposited by 'Wild 
Horse Creek. 'rhe processes incident to river transportation 
J esnlt in the complete pulveri7.ation of the earth and the sep­
aration by flotation of the fine clay-like materials from the 
sand. Transportation by the lateral streams is intermittent, 
the material is carried relatively short distances, is moved quick­
ly, and the separation of materials is imperfect, resulting in 
soils differing from those formed from river-borne sediments. 
The tree referred to very evidently began its growth on laml 
attached to the mainland and in soil carried intO' the valley 
from the mainland by the small stream now known as Wile I 
Horse Creek. 

How 10Jlg the land wa~ attached to the l1winland before the 
small stream established itself and deposited the soil in its 
valley is undetel'mined. "Whether the particular elm in ques­
tion belongs to the first generation of elms that grew in this 
soil or to some suc(~eecling generation is unknown. The firRt 
timber growth on nC'w land in this va 11ey is invariably willow 
and cottonwood and the length of time that these trees hold 
possessioll of the land before giving place to the hardwood tim­
her growth is likewise to be taken into consideration. That 
eonditiom; in this part of the valley one hundred and forty-one 
~'ears ago were a~ at present is witnessed by thiR elm. For 
how long pl'evions to that time the conditions have been as 
now must be determined on other evidence. 

In dosing the discussion as to the age of the river valley 
land, it may be said that the attempt here has been to find 
methods which may be available in determining the ap­
pl'oximate ag'e of river valley Janel. It is not asserted that ac-

*The location of this tree is shown on [he Tree map of the Devol 
Bridge topographic sheet which is not reproduced in this publication. 
The approximate location which is near longitude 98-35-53 and latitude 
34-08-34 may be determined from the reduced topographic map, in 
pocket. The distance from the Texas bluff is about one·half mile. 
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tual ages have been established in any case. It is believed, 
however, that an age faJ' ueyond that of one century is estab­
lished for all of t.he older part of the Big Bend valley and for 
similar valleys on the rlver. 

,]'HE DES'l'RlJC'1'IVE WORK OF '1'HE RIVER. 

Along with land building there is of eourse the destrue'­
Live work of the river including erosion of the bauks and the 
SCour channels formed by the river whcn at flood stage. With 
reglud to the crosion of th<, uallks there is nothing in partic­
ular to be said, as this phenomenon is a familial' and recognized 
feature of the work of rivers in general. In the Red River 
erosion of the banks is oftell rapid, but does not differ other­
wise from erosion OJ] other rivcl's. 'rhe pcolll'ing activity of 
the' river is of ('ourse likewi~e common to riven:, in general. Ow­
iug to the relatively low lands of the river, together with the 
violence of some of t.he flood~, the scouring activities in the 
yalle~' lanel in the 1,p1)e1' river is often very pronounced. 

'1'he larger Rcour eha1111els at times ('ut off areas of relativrly 
old land. Sn,ch a channel ill 1920 cut of:!' a part of the Curtis 
Creek valley. Less IH'ououllred seoul' channels develop in many 
locaLt1es when the river overfiows newly f0'l'Illed low lying anel 
relati vely incoherent land. 

Emphasi;;;ing the cOllRi<1erahle gradient of the stream, the 
rapid rise of floods, the heav7 load of se(liment C'arried, and the 
g'l'eat width of flow in flood stage, tho 'Scientists who 1'ep1'ese11t­
t'd the United StateR awl Oklahoma have ela.borated the island 
Imilding theory. '1'0 he sure many land areas lare fonnd to lie 
detachrd from the mainland. 'rhe detachment of one f'lllch area 
in Cmtis valley wa.s obsel'Vt'd to take place while this suit was 

in pl'ogl'e~;;;. 'rhe detarhment of anothet' such area in Ayers 
vnllcly was proven by lay witnesses to have taken place in the 
same way a.bout 1902. Similar detachment of land areas are in­
dicated in the B:ig Bend, Gilbert Creek and other'vallt'ys. That 
these isolated land areas were formed as a part of the mainlan(l 
mId ha.ve snbsequently been detarhed hy sconr ehal1lwls. is a 
C'onrlnsion much more in at'col'd with the observed habits of tho 

river than the .as:mmptioll that they represent land areas origi. 
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nating in the sand flat and now in process of heing' nnited 
with the llH'inlalld. 

'I'H}] HA BiTS ()~' TUE RIVER IN BUILDIKG 1'1'S 
VALLEY LAND. 

Rivers in general lmild their valley lauds for tlw most part 

by depositing' lIedimcllts on or against the (lxisting land~ and 
such in 1 he writer's opinion is th c controlling method 0 (' 

building hy the Hed River. However, as already stated, 

scientists 1 epresentillg the United States and Oklahoma COll­

iendfcl that a different and Ullllsual method of building th0 

river valIe~' prevails ill the upper part of the Red River, the 
addition of llew land heing through the fOlInation of islands, 
which subsequently became attached to the mainland. As 
previously explained if new land is added in the valley in 
the way mmal to most rivers, that is by gradual deposition 
of sediments, 01' by accretion to existing banks, changes aris­
ing in this way would not be material to the suit since the 
boundary would in any ease follow with the river. On the 
other hand if the nevY land formed is first an island and If 
this island snbseqnently becomes attached to thr mainlarul 
this nnnsnal ffature of land bnilding wonld pedlapR llot be 
covered hy precfdcnt in ] ega I proeedm'e. F'or this reaSOIl the 
habits of the river in building ih.: valley lands lwcame a proh­
lem of great importane'e in (lonnection with the bonndal'Y sui'. 

It has already been Rhown that tlw Heientists repreRenting 
the United Statl"s presented two main ('ontentions under th1R 
hl"ading. The firRt 1s the i,.;land building theory; the seeond 
preReuted hy Dr. h C. Glenn iH that the dl"structive work of 
the rive)' pl'lweeds at SLwh rate as to entirely (iestroy alll1 
remake tilE' Jive1' vallpy land within Fl perioa of' one century. 
-"nth neitheJ' of these propoRitions if; the writer ahle to agree 
On thl" ('011trary it seems certain that the controlling method 
in the addition of new lalld to old ill the river valleys heth 
in the upper and lower river is by thl" process known aR ae­
eretio11, and that the making and destruction of the river 
valleys doeR not proceed at such a rate as to renew tlw val-
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leys of tIw river within so short a period as one hundrrd 
years. In fact, the larg'er valleys are proven to be of an 
age much in exC'ess of one hundred years, 

\Vith regard to the habits of the river in building the val­
ley lands one cannot do better than to observe what is tak­
ing place at nnmerous localities where the valley land at th~ 
present time is being added to. In this connection we arc 
conC'erned of C'OUI'8e not with exceptional [eatureR but are 
seeking that which is the controlling process of adding to the 
1'i vel' valley laud. Likewise we are not in this connection 
concerned with the processes that build the vallE'Y lands to a 
high level, but are concerned only with those which extend 
or enlarge the valley. In the ea'rlier pages of t.his paper the 
writer has described in some detail the proceRses which build 
the land when fOl'lned to all inc]'eaRed elevation above the 
river. The processes now to be dcscribed are those that ex­
tend and enlarge thc river valley land. 

THE PHOTOGRAPHlC RECORD. 

To 011e who ('[I]11Iot visit tIle river, the huilding proreRses 
are perhaps best described through the usc of photograplH. 
For this pUl'pose twenty-nine photographR were presented in 
this case. Of course the numbe]' eould have been indefinitely 
extended si.nce the river is in fact building at iUllumerable 
localities. Of these photog'l'aphs six with tll eir legends are 
included in this report. Reproduction of a large number of 
theRe photographs, although desirable, is not pl'aeticable. 
However, those included are illustrative of couditions com­
mon to all parts of the rIver. (See PIs. 7, 8 and 9; also P1. 1). 

In these photographs of the river two features of river 
building- are repeatedly illustrated. It is observed first that 
whell the river Or a ellannel of the 1'iver after ('Iltting or 
E'l'oding the Texas bank turl1s away from the bank across the 
sand plain or sand fiat t.he1'e is t.hro,vn up invariably a saud 
har-like accumulation of sand agaillst the cnt ballk just he­
low or downstream from the tmn of the ehannel. Not i11fre-

~nentl'y the accumnlation of san(l under these eonditiom; 
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brings the sand plain to a level with the adjacent low vallcy 
lands. Under these conditions all that part of the sand plain 
or sand bed of the ri vel' which lies on the right side of the 
channel is thereby llllited to the Texas bank, and is united 
without having first lwen formed as an island. 

The second feature illustrated in these photographs is that 
of the gradual spread of vegetatioll from valley land onto the 
sand plain of the river. If conditions remain undisturbed for 
a brief space of time, some weeks or some months, vegetation 
makes 110 inconsiderable growth riverwards. In addition t) 

the spread from the older land,. vegetation of course to some 
extent springs IIp ovel' the sanel plain, converting it into val­
ley land. 

In tbis connection the writer made the following statl'ment: 

"The method of building which leads to the enlargement of the 
valley land is typically and usually the accumulation of new mate­
rial adjacent to the old land when and at such times as the direc­
tion of the currents are such as to permit such accumulation. 
Then after such accumulation there is a spread of vegetation onto 
the new land converting what was sand plain into land in the 
ordinary sense. 

"Subsequent rises lllay destroy such new made land or they may 
cut into it 01' wash it, depending upon the course of the currents 
while crossing it. On the other hand such new made land may 
persist intact and build higher and be termed a part of the river 
valley." (R.-7-4071.) 

The bnilding processes as a whole are perhaps hest illustrated 
in thl' photograph of plate one. 'rhe well derrick in this picture 
st:mdR at the margin of the newly accreted level vegetation­
eoverpd land. younger in age than the sand dunes seen at the 
Idt. J\. 1. the l'ight in the picture iR what. may be described a,s 
accl'<-lting lalld.. This land altho a part of the sand plain of 
the river stands at a relatively high level and. is being reclaimed 
by the extension of vegetation from the mainland. Farther 
out is the silnd flat with the Oklahoma bluff in the distance. 
Similar building of new lands arc seen in the photographs of 
pliltes seven, eight and nine. 
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BUILDING PROCESS,ES AS ILLUSTRATED IN THE VALLEYS 
OF THE RED RIVER. 

The photographs referred. to as having been submitted in 
cOllnection with the testimony, illustrate the building processes 
of thc river valleys. '1'0 describe the observation:s in ea('h 
valley in detail would unduly cxtend this paper and in order 
to economize space further refcrencc will he made only to 
those photograph:s herc reproduced. A more complete ar­
count of eaell valley will be fonnd in the Record. 

The first valley to be considered is a valley on the 'rexas 
side of the river at or jllst below the one hundredth meridian. 
As illustrating building in this valley two photographs vyer~ 
5ubrnitted of which one is here reproduced. This photograph 
(PI. 7, Fig. 1) is taken at a locality where the sand plain is 
built up approximately if not fully to the level of the vall.,.\' 
land. The vegetation is :seen rrceping) out onto the sand 
plain and thus reclaiming it, making of it valley land III the 
ordinary sense. 

Another valley in which the processes arc recorded 1Il the 
photographs is located llCal' the Hardcman-Wilbarger Count.v 
line on the Texas side of the river. 'l'wo views were sub­
mitted from this valley of which one is here reproduced. In 
this photograph as in the one taken at the one hunuredth 
melidian, it may be Reell that the sand plain, a part of which 
shows in the foreground has becn built IJY the river fully to 
the level of the valley land at this locality and that the gJ·asser; 
are spreading and com~ng' up thl'Ongh the sand. (Pl. 7, 
Fig, 2). 

Another valley in which the huilding processes are here 
illustrated by photograph is Electra valley, somewhat 
above the Big Bend. Of the two photographs presented from 
this valley one is here reproduced. (PI. 8, Fig. 1). This 
view taken a short distance downstream from the ElectrJ. 
Bridge, shows the sand plain of the river built almost to the 
level of the vegetation covered land, and the vegetat.ion gTad­
nally spreading out onto and reclaiming' the sand plain. 
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Another valley fl'Oll} whieh the building processes were 
jUustrated is what is known as the Stein valley in Cla~' 

Connt)T, 'l'his valley is also on t.he Texa:;:; r;ide of the river, 
The phot.ograph taken looking upstream shows sand formed 
against the ,oldee laud an(1 being ]'f'('laimed by the growth of 
ilit' vegetation, (PI. 8, Fig, 2), 

Similm> conditiolll; in 1lle hl1ilc1ing of upw land an sepI! 1I1 

ihe photographs reproduced III plate nine, showing land 
lmilding' in Stanfield valley in Clay County; and in the 
Npanish }I'ort valley in Montague County, 

Other photographs illustrating' lalld building ill the Big 
Bend valley and in Gilbert Creek valley 'V(~l'e t-mbmi1.tec1, How­
evpr, for these valleys detailed topou;raphic maps arC available 
\\'llich lHlve the aclvaniagp over a photogwph of depictillg t11(' 
yalleys as a whole, By relerene(' to the soil map of the Rig 
Rend topographic she('t, it lllay he sP('n that while the rivct' 
has hecn euUing recpntly at the llorthprn part of the valley, 
hp~T(m(l the tnrn 0]' point of lanel llovVllI';iream the river iq 
huiJdillg' a cOlJsiderable strip of rivpr land (rnalked NS on 
the UHl p, S('ell also ill photograph PI. 1) having been a(lc1ed 
·within r8cent years, extending the hlllU beyond the newcst 01' 
the sand dunes, This extpnsion of the new land beyond ex­
iSling' ([111](,;';, Oll which snbsequently new lines of dunes will 
aCC'1ll11ulate typifips the (:ontrollillg' huilding processes \Yhi('h 
Jll'evail on this part of the 1'ivel'. 

r!'he building procef'ses, as illnst1'ated hy tliese photographs, 
are ill 110 HPnS(' exceptional. On the contrary the photographs 
illustrate tlt(~ 1)1'ocelsses ('ommon to 1lie l'ivt'], and sep11 ill oper­
cd iOll in all of tlJp vallpys, 

INTliJRPRETATTON OF THE HISTORY OF THE RIVER 
VALLEYS, 

The halJit<; of the 1'[\,er in l)1]ildillg' its valley lands, as ,Yell 
as the' ag'C' eharaC'te1'isti('s of the Yalle,YR, if corl'Pctly under­
stood, afford the h3lsis for interpreting' tIl'(' history of the in­
c1ividua,l yallpys, '1'he oldest lHl1t of ('a<:11 valley a'S determined 
by itH physiographic, geologic, :;,oi1 [wd ecologic eharacteristirs 
IS fOlmcl to lie adjacent to the bluffs, Around this older land 
is found H'uc('essi\'e additions of llC"'Pl" land, 
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'I'll(' h is10l','> of the formation of the Big Bend valley inter­
preted in acCOrdalH'(, with the~lO pl'inriples is as follows: (R.-
7 --1:082). TIlt' oldest land of this yaney is tha1 which lies adja­
rent to the 'l'exas blnEf and mec11nl with respe«t to the length of 
the yalley. On the outer margin of this older land are fountl 

tltf' dnlle'l designated Wl <1l1ne c:e'ries one. TlI a('(~ordnnee with 
observations ('h:ewhere on th(' river we lllay be S111'f' th[lt this 
"trip of land was built up first as low lying level riv('r valley 
land and that in its eal'ly stages it ,yas elltirely or fJr1)(·tirally 

dest iillte of dnnes. At this early stage without doubt the land 
was covered with grass HR ,;;neh new lands on tIle river usnally 
are. It Illay have had shruhs antl trees; the llewly built level 
1'1yer lands ill somA illRtancps have shrnhs or tl'ees 01' in N0111E' 

plaeeR only g'l'aRses. As an illw::tl'atioll of land in this early 
stag'e of deyelopment note the land' on the Oklohoma side, at 
thr GJ'anfliieM Bridg'e. 

Thr Iwx1 stage ill the <1"v('1011men1 of 1his valle~T was the for­
rnation of dnne ~wI'ies one. '1'hi<: dune RerirR, Il'hich HR 11l'el'-
1011sly stated, ties onto 1he Texas bluff neal' longitnrle 98-89, at 
fin:t diverges from the bl1lff as ShOl1'Il b~' its e0m'se on the Big 
Bplld topographi« sheet. Followed downstream, however, as 
seen on the Drl'o] Bridgp topographic sheet the (hlllelS' ag>ain 
('oU\'el'ge aud tie onto the 'L'ex:as bluff downstream, At the 
time of the formatioll of this land and the acc'Ompanying dune 
NewiE"s tll(' Hand plaill of the river accol'dillg to the observed 
ha hitH of (lllne h\lildillg extellded outward or northward from 
t hc nO! th IlHlrgin of the dnlles. This is hrlieved to be h'nc sineI' 
large dllne series in thi>; valley bnild in no pja,('e other than on 

the margin of the valley land a<lja('C11i to the sand flat. The 
sand flat was n(,c(,Rsaril~' uorth of the c111neiS Rinee at both cnds 
the (lunes tie to the '1'exaR hlllH. l\'I(,reover, that the sand flat 
waR 11ol'th of the (lunes iR deady imlieatecl hy the evcn llorth 

or riverwanl margin of tllE' dune' series, Ou the south side 
(here is lack of a uniform or even margin. the dunes I'ltringing 
ont in an il'I'eg'nlar a11(l mOl'e Ol' le"s detached manncr. Thm::e 
f,'utHl't'S uniformity of tht' JT\'envards margill a11(l lack of uni­
formity of the inland liHlit~ of tl1(' dUlleR nr0 il1n~tratf'd at va 1'-

iOUf; pla,cfls' alollg the l'i\'er whel'(I d\lIlP~ are llOW a("rnmnlating, 
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as, fOl' 11lstallGe', at th(l outeJ' m9rgin of ihe pl'cseut Rig B't'ml 
v::111ey. (See maps.) 

Tlt(, ncxt unit 01' part of the Big Belld valley to be reclaimed 

from thp ~<llltl plaill I'~ that ',ovhirh lies iLtlmcdiately l'iverwal'd 
from dUIlI' SPl'il'N Olle. r\ COlJR,idel"ab]e pa,rt of this next belt of 

lalltl i~ M'Pll 011 tIlt' maps or the Big Bend topogl'aphiC' sh('et, 
11 E'xtl'lld" hom the llorth IllHrgin of dUII(' RE'l'ieN Ol1e to the 

Ilorth mm'gill of (hlne seriE's two. '1'his part of thE' valley is 

l'e!:!;Hnlpll a~ llilvillg 1I(,f'11 built at H tillle .,.yhen the 'sand plain of 

tIll' l'iYel' la~' inlm('dint('l~' north of thp pn'sellt north margin of 
(llllW 'rlip~ 1\1'0. It is not necessary to assume that thi,s whole 

strip of 1'<1]]('\' land wa" ImiJt l'imnltanrll11s1y. It is rather a 
Imit of l'iwl' hllilc1inc; adi,'it~,. 'l'hnt th('re wen, aclvancrs with 

j)erli~p" pflrt~ of thr llC',r llllili. limd hrillg cut aWH.V is possibly 

inclir'ntet1 h;" il frw fwaitel'ed dUlleS l"rsting on thp land. A 
T1eJ'ioc1. howewr. when the :;;and plaill remainpd for a time 
f,(at'onal'.\· is indicated by dune series two, which is intrrpl'ptp<i 

ils having' fOl'llIrd at the llorth nHlrg'ill of this lWW hnilt lalld. 

At thr time of the formation of (htne seriei' two we mnst he­
licyr in il('('01'(1<111Ce with known prill('ipals of dlllle 111lildillg that 
the ~all<1 flM of the J'ivp' WilS spread Ol1t imme(liately to the 

north. "H tl,i,s time the trend of the sand plain in this part of 
the vall('~- ,,-as approximately eaRhvr'l't, Wl shown hy the trond 
of the ~HlHl clnneR. '['be trrnd of Ille ~mnd plain at. that time 
thcrefore cliffe'l'ro Rome\\'lwt £rom t1Jr I.rclld of the sand plain 
at th" 1illl(' (11111(' serirs olle was formed. In the mise of clulle 
"crir~ hyo H'l in (l'lllIE" sel'i(,s one' it is 'leen that the dunes have a 

<;ell<.;ihl;- ('\ ('II nortll llLargin, !1Hl1 is 011 t11r mal'gin tOWHI'<1" thc 
Rill1cl plaill. Oil the Jpposite Ride HIVa,\- from the sand plaill the 
dmH''l string ont 1I10re or Ie'S". 

'rile ,;1 rip of land nOlI' uuder discLlssion pi lIoltcs Ollt ail seell on 

the Big' Belld topogTaplJie sheet by tlw 3PPl'oaeh dOwllstl'eam 
of (lllllr ~(l\'i(';., Olle and two. 
elml ]I'itl'(,:llll it i" ;.,pen tlwt 
illto thr \'alle~' again thn8 
1"11(1 <lIH1 c1l1lle~ of thif1 u!!;e. 

IIowe\'cl', on the D('voi ~heet w:xt 
laud and c1nl1t's of this t;\'pe ('omr, 
complcting tb(' l'IlCil'C'ling helt of 
'1'hr cntting ont or this lnnd Heal' 

the HU11tll man..:ill "f 1he Big Beml slleet is of ':'(I1I1',;r ineidellt 
to the tl'end of the sand plain at that time, not paralleling' its 
trend of :Itt Pllrlier date when the older land and dlilles of ([Hill' 
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~el'ies one v"el'e fOl'med. DUlle serief': two is showl! by excava­
tions to have been f01'med 011 the pl'e-t'xisting valley land of 
that. time in the way the dunes art' commonly fOI'lllPd at the 
mal'gilJ of existing land Ht the pl'esent time. 

All tlle laud llol'th of dune selies two is fOUIHl to he appre­
ciahly younger than the land SOllth of that line. 'I'lie land 
S011t h of this I ine forms a bench whieh stands OIl an average 
at a higher level than the land farthcl' to the north. In fact the 
lal'!!,c~1 p,vsiograpliic 11l'eak formd within this valley occurs at 
1 he llorth margin of d1llH' <:eries two. 

North of clllne 8c1'ieo; two tl](' valley l:md asidc frOI11 1he dnnes 
('omists of a comparat:vdy thin covering of l'iYel'-(leposite<1 
loam overlying the l'ivl'1' sand. It is of the type of land that 
in its soil characteristics must he classe(1 as llewC'J' land having 
l'eceived relatively little material other than that which has been 
addecl to it in ihe O'verflow ~tages of the river. On tbis land 
(Innes haye, Hccllmnlatcd which dre ,YOUll!!el" in age ihan are the 
(1'lIllPS of" eiiher c1ll11e sel'iC'1' one or two. In the piU·t of the valley 
110W pl'e'~el'vec1 tlw~e dllllPR are s,ome.-what il'regnlarly sl·atterec1. 
The it'end o[ 1llE' (hl1les is suell as to inclica.te that the trend of 
1he salld plail] a1 thi'i time differed fl'om thel trend at the time 
pitltel' (hll1(~ series one 01' dune series two were formed. ]'rom 
Ilw t1'eml alld the age Cllal'aeterlsties of ihese dlllles it seem:;; 
pl'oha hip 1 hat c11111C series three origirJ:lll~' exteJl(lC'd through 
what is now Coat INland 811(1 eamf' ha('k to",unlN thC' 1'exas 
hhdf, at H point farther c1ovvllstream, as show)) on the Devol 
[\I1'i(12.e and 131'll~hy Creek topograpllie sheciR. 

An extension of the valley was mack in tl](~ wmal n1l1111lr1' be­
yond d\lllC' sC'rics three 011 which is built dune "el'il'!,; fOlH'. Be­
yond dlll1(~ serirs f0111' at the Older margill of the yalley is seen 
al10ther alld ne\Yer exte'us-ion of tIl(' valle~' land, markc(l "NS" 
on the soil map on which ill time (ioll!JtlesR anotlleI' line of dunes 

will (1ecl1mulatc. T1 iR the w1'iter'H interpretatioll l)a~cd Oll ihe 
"Ioil and (ll1ne charactel'istics that Goat Island at onc time wa" 
a part of the Big' Bend valley and subseqnently became de­
lached. 

Thc interpretation of the history of the development of this 

valley as will be seen ]8 wholly in opposition to the "island 
building" theory and is inconsistent with that theory, The 
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fact that the north or riverwards margin or the dune series is 
a uniform unindented line, means that the sand plain was nori.h 
and not south of the dunes at the time they were formed. 
Likewise the fact that the dunes tie onto the 'l'exas bluff means 
that the land on which they were built was likewise united to 
the Texas mainland. 

CONCENTRIC BUILDl)\:G OF THE RIVER VALL~JYS. 

In the interpretation of the history of the Big Bend valley it 
'HIS indicated how :mc('essive belts of new land had been added 
which morn or leRs eompleiely encircled and SUl'roundod the 
older lands. '1'0 th i.., habit of bu ilding, which is commOll to the 
,alleysl in gelleral, 111(:' writer app1iec1 the term (oncentric huild­
ing. (R.·8-464;).) 111 illustrating the faet that this method Ol 
hllilding' if; common (0 the \'alleys of ihis river the ·writer de­
scribed six vall eys in som e detail: The valleys descl ihed in 
this connection in addition to the Big Bend were: Doan val­
ley, Electra valley, Burltburnett valley, Curtis valley and Gil­
bert Creek yalley. 

Doan VaIley. 

Doan va Hey is located on the Texas side of the river 1nWi1. 
harger County. Tt is a lal'g'e valley three or four miles ,yide 
nlJd aboni nille milrs long. '1'he available ntaps of Doan valley 
illclnde 11w ollHilie maps of thc riYer made by the Unitcd 
;::;1 atr'~ and Okla homa, and by the ;::;1 ate of Texas; a special map 
of this valle,\' made l)y Dr. h C, Glenn amI a map made some 
yt'ars ago hy ihe rllited States, B1nreau of Soils, known a'S the 
V t'l'l101l area. Of thrse 111 a PH the last mentioned is the only 011e 
pllhlished, the o(llen; ilavjll~' been snhmitted as exhibits in this 
"Ilit fl]Hl !lot J'epnhliHllec1. 

It iF) a neticeable featllre 0'£ the Doan vallcy that it consists 
ehiefly () r 1 fllI(1 matH! e ill its <.;oil alld physiographic ft'n LlI res. 
Dune::; comparable in age to those of dune sel'ies one and byo of 
the Big Bend or pORsibly older arc found to extend in plaees to 
the pJ'eqeni hank of the river. This is true of the dunes oppo­
site to the Doan settlement neal' the north end of the valley and 
again two miles Routh of Fargo. In places the upper endR of 
theRt' older duneR are cnt by the river indie<nting a former larger 
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extellsiol1 of this valley now lost by erosion. However, around 
these older lands newer lands havE' formed at several places. 
The formation of newer land is not eonfined to the downstream 
end of the valley. At a point slightly northeast of Doan Settle­
ment it will be found that there C'an he recognized no less than 
three or fonr ages of land. 'rhe newes,t land is that which has 
lwell very recently reclaimed from the sand plain. It is low 
level hmd lacking- sanc\tdnnes and on which tbel'(~ is a sparse 
gl'()\\'th of vegetation. The next older land is slightly higber in 
elevation on which practically no dune material has a('cumu' 
laled. Tbe third bench is higher and appreciably older. Of 
1hiH bellcl{ there remains at the present time only the dOWll­

~1ream end, the upper part having beell cut away. ;\t the 
margin of this bench there i" a sall(l cll111(' which at it:;; down­
HtJ'ea ll1 end ties onto the next highf'r hcn(~h. '1'he f,ollrth bench is 
the much order land of this part of th(' 1'iY('r valley. 'fwo miles 
l'a1'lhel' dO\Hlstrcmn 'where the C'lll'l'ent passes ar01II1c1 a project· 
illQ' point of land there is agaiu building' of valley land. a 8trip 
of lam1 approximately a half mile in widlh ltayillQ' bePl] alliled 
to the vlaHey. 'J'he new land is iu part detached from the val­
ley owing as the writer believes to the formation d :,l;011r chan­
lwh. At another locality examined within about th1'l:e miles (,f 
the lower end of the valley at a ])oin1 where the chnnae! turns 
awa,l' frOID the 'rexas side, th('1'e is fOl1lld l'xtellsi I'e hnildin~ 'If 
lWW land. 

,Vith regal'd to this valle~T as a whole i1 i" fmlllrl that the 
oldesl land lies not exclusively at lIlt' dOWllstrNln] ('Del jmt ill 
the centlal part of the valley adjacent to thr 'l'exaR hluffs. 
Aroulld this older land newp]' land has formed 01' is forming 
at various places. 

FJlectra Valley, 

The secolld vallpy described in this conncctioll is that 
known as the I1Jlcctm Bridg'e valley, Oil the Texas side of the 
river at the ,Vichila-vVilbarger Connl)' lille, or this valley llO 

Jll1hli"hed ma.ps al'e :lV'ailahle. 'I'he valley is, however, shown 
'011 the outline maps of the 1'iYel', made hy 'Texas and by the 

rnitell ~tat("s, and Oklahoma aml in :1 R[l(,C'l<Il] map made. by Dr. 
Oll'1111. 111 thi,s. v,lll!'), ihe land wbit'll ha"~ phal'artel'ic;til's of bc-
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illg the oldcHt land of the valley is located adjacent to the 
Texas bluff and extends from ueal' the upstream end of the 
valley to a point somewhat below the el'ossing of the Electra 
Bridge publie road. 'TIlis land is in the main level although 
there are Rome dnneR at its outer margin, whieh tie to thr 
Texas hluA' at the upstrelltrl f'nd of' the valley and aItel' (liverg­

illg' from the blufI again approach the rrexas bluff clown­
stl'ram. Ontwar(l Ot· l'iverW(l.I·d iH fonnd a belt of land thai. 

appears youllger in itR age characteristics. The dnne!'; on thi!'; 
younger land arf' bellf'vpii to rOl'l'eRpond in age in a general 
_ray to the (hmes of dune series three of the' Big Bend. 
Thesp dllllf's tie to tlJe 'l'pxas hlufC at the pxtl'emp np­
stream rllel of tllp vallpy alld althongh in part cut OHt 
hy the action of tlw rivf'r in til(' eelltl'al pInt. of the val­
Ipy, farther uownstremn they again approach the Texas 
hlllff. this newC'r he11 Ot land with itf' lieeoTl1panying dunes en­
tirely RlllT0l1l1ding the oldrr IRnd. At. the pl'e~,ent time nrw 
land iR t01I11(1 bnilcling' llea.r the nodhern rnd of the valley, 
and at various other point.N downstrram. '1'he l1raximum amonnt 
of huilding of new land ill this valley, however, is at or near 
the lowel' ('1](1 of the valley. (1'hel !lew la1\(l is low and has been 
(,11t through b;,-- nnmerO'ns S('OUI' ehallnelR of the rivet'. Build­
ing ill this' YHlley inrilldes the addi1ion of nrvver "land S1lHonnd­
ing the oldee land with maximllm umOl1nt of receJlt Imilding at 
i he dowm:lream eml of the valley. 

Burkburnett-Bridge Yalley. 

A thil'd valle~T ('o]lf;iderec1 \vaq the Bnrklmrnr:t.t-Blridgr vallry, 
whirh is locatecl 011 the Oklahoma side of the river. This val­
If'Y lir<; within 1111' Bnrldmrnett topoQraphiC' sheet of the Unit­
rel Statt'R Geologj('al Survpy, whirh, however, is a small 8('ale 
map lincl of little servier in detailrd ,;tndy. Maps f'nhmittrd in 
the suit, not republishecl, il1duding' this valley were the ounine 
maps of the rive]' ana a special soil map ma(le hy the Ullitf'd 
Statf''' BnreaH of Soils. 

111 the Bnrkhnrnett-Bridge -valley it will he fonnd that there 
is a, pronolll1eeil linr of (llmeR hllvimt the ehal'actcl'lstirs of old 
dunlO'S, which at their downstream end tic to the Oklahoma 
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hlnff. At the llpstream rnd this series of dunes approaches the 
Oklahoma bluff. hut does not tie to the bluff, the extreme up­
,wr rnd ha vin!:!, been removed hy the cutting action of the river. 
ArO'lmd ihi~ older land and dnnes are found other flat lands 
followed by a second series of dlll1CS ,yhi('h in general ('orres­
TJ(llld to dune sel'ieil' two of the Big' Bend. Ncar the present 
riyC'l is fonnd land and dunes eorrespond,ing to dune series 
three and dune srries four in order. IJRnd building at the pre­
sent time in this valley inchldes a limited amount of buillling ill 
the uDper part of the valley and somewhat extensive bnilding 
in t1Je ('entral part oC ihe valley. At the extreme lower end of 
the ,"alley as at the extremp upper end of the valley the river 
is elli.ting thp hank, no new land being in evidence at the present 
1ime. The hnilding of this valley i8 distinctly c'on('Clltric in the 
Reme that newer land afi a, rule R1Ur0l1nds th(O> older land. The 
ma,ximnm amonnt of recent bnilrling ha<: heen opposite 11](' cen­
iral nart of the ,"alley or fllig-htly downstream frmn th(' ('entral 
part. 

CUl'tis Creek Valley. 

ellriis Creek Vall,'y Oll the Oklahoma Riele, the valley next 
npstream from the Big Benel valley, was also referreCl to in this 
('onner:tion. The 10\\'('1' pal"t of this valley is s]lOwn on the 
firaurlfielcl Bl'idge topogJ'aphic sheet. '1'he valley is shown also 
on the ontlin(' maps of the river. (See geologic. mar in pocket.) 

,Vith re!:!'ard to thi" valley tJ1C following Rtatement was made: 
m.-R-46G2.) 

"If this valley be examilled with respect to the relative age of 
land within it, it will be found, I believe, that near the ecntral part 
or the valley there is a broad belt of land now to a (~onsiderable 

extent in cultivation, extending from the Oklahoma bluff outwards 
a distance wbich is more thall a quarter of a mile, and that at the 
outer margin of this belt of land there are found dunes, a line of 
dunes. Those dunes followed downstream will be found to reacl-j 
their maximum distance from the Oklahoma bluff, afterwards to 
turn in and unite with the Oklahoma bluff before reaching Curtis 
Creele If followed upstrpam the same line of dunes will be fonnd 
to tie themselves onto the Oklahoma bluff before reaching the 
extreme upper end of the valley. '-IVe have then a belt: of old Janrt 

next to the Oklahoma bluff nearly encircled and enelosed by this 
line of old (limes, a condition identical with that seen in the Big 
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Bend, where dune series one serves to enclose such a belt of land. 
Outward from this old dune series will be found newer land, and 
such newer land extends entirely around the older land coming to 
or near to the Oklahoma hi uti upstream and coming to the Okla­
homa bluff downstream. It one continues out into the valley, one 
comes finally at the present time to a channel of the river, carrying 
the greater vart, in low water stages, of the water of the river, 
and beyond that channel a considerable area of detached land. 
* 1n examining the present day building along this particu­
lar vall'2Y I observed first the new chanllel to which I have referred, 
aLld I have taken a photograph to illustrate how that channel is 
cutting one bank and building another, in the way in which this 
river usually cuts and fills. The photograph which illustrates that 
feature is Photograph No. 115 of Texas Exhibit 1\0. 51, showing 
the behavior of the channel, not yet a year old. Following up­
stream I took at a point not more than half a mile above that 
particular area of detached land Photograph No. 116. This photo­
graph is taken at a place where a channel of the river is turning 
away from the Oklahoma side into the sand plain, and gives the 
characteristic land building seen at such places. A little further 
upstream, not more perhaps than one-fourth of a mile I took 
Photograph No. 117 to illustrate in the same way the features of 
new land building." 

Land building in this valley is thus seen to consist of the ad­
dition of newer land surrounding the older land. 

OlLDERT CRT'}.\( VALLEY 

'rhe sixth valley nsed in illnstrating building is that known 
as Gilbert Creek vallcy, which is located on the Texas side of 

the riYe!' in vVi~hita County. rlovYnstrelam from the Big Bend 
valley. Of this valley a special map clcsignat<'d as a lJil,nd Age 

Classification map was made and is rf'produced in this bulletin. 
(In pocket). ~An examination of this map will assist in under­
standing the (' haractcristics, of this valley. Upon cxamining 

this valley it will he found tlmt the oldest land 0'£ the valley 
marked" High Bench" all the map is loea tecl next to the Texas 
bluff ane! stands at an elevation somewhat higher than other 
parts of th<' valley. I\ext towards tlle rivcr from this high 
bench is a belt of land which stands at a lower elevation and on 
the map is marked "Intermediate Bench." This intermediatE' 
hench, as will be seen, ('oIPpletely surrounds the high bCllch on 
th(' rive]' side, extending from the 'l'elCas bluff upstream aml 



86 University of Texas Bulletin 

again touches the Texas bluff downstream. At the margin of 
the intermediate benell there is an appreciable terrace and a 
limited development of sand dnnesi. Towards the l'iver from 
the margin of the intermediate bench is a considerable belt of 
land of appreciable younger age. 'l'he dunes developed on this 
l:md for the most pal't are of the character of the dune marked 
as dune Beries three on the Big> Bend, and on this. map they are 
mal'ked as "DS3." At the upstream end of the valley this 
b€lt of land touches the Texas· bluff above the upstream termi­
na60n of the inteirmediate hench. Downstream below the mouth 
of Gilbert Creek it is Clut into by a channel of the river. It 
f,.eems probable, howevelr, that in former' times this belt of land 
was continuous with the detached land area seen somewhat be­
low the mouth of Gilhert Creek. 

T~aJld building is seen at the margins of this valley at sev­
eral localities. At the upstream end of the valley is a very 
narrow strip of new land not indicated on the map. At and 
neal' the mouth of Gilbert Creek a belt of new land 
several hlllldl'ed feet wide has recently been addd in this valley, 
On the map this new land is marked' 'Level Land, Salt Willow." 
On this, newest land a few small dnnes, of the chara,cter of dune 
series four have accumuhlted. As previously mentioned the 
channel which separates the mainland from the area of detach­
ed lalld s'011th of the mouth of Gilbert Creek is, interpreted as 
a SCQlur channel. Since this land becamB detached land build­
ing has gone ou more 01' less alt cithe,r' side, the newly built land 
being designated as new land on the map. 

r1'he "ntire evidence relating to these valleys indicates that 
they originate at some place along the bluff favorable as a 
locality for the deposition of sediments. Around the land thus 
bnilt a newel' belt of land: is added, more or less completely en­
dosing the older land. To this in tum other land is added. 
The process, however, is by no means continuous. The river 
may build at one place and by shifting of the currents destroy 
building at this place and build anew at another locality, only 
to <le!'ltro,Y and shift again its place of building. On the whole, 
however, there can be recognized in these valleys cycles or per­
iods of building follmved hy periods of relative inactivity in 
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building' in so far as this particular valley is concerned, the 
whole resulting in thc concentrically built valley. 

CONCLUDING STA'l'EMENT. 

'rhe controlling pl'inciple in the enlargement of the valleys 
on this river as described in this paper is the gradual addition 
of new land to old by deposition of sediment in accordance with 
the processes known as accretion; the habit of building is by 
the successive addition of llew land more or less completely 
enclosing the older land; the life cycle of each individual valley 
is not such as is completed within so short a time as one cen­
tury, but is on the average meas'ured by an undetermined num­
ber of centuries. 



ECOLOGIC I:\"VE8'l'IGATlONS 1)[ THE l-U£D RIVER 
VALLEY 

BY D. C. THARP' 

Introduction 

The ecologie illYeJstigatiolls upon \\"hich this paper is lJa.~ed, 

made in <w1111eetion with the Oklahoma-Texas boundary suit, 
were bCgllll on July Hi, 1921, am}' extended intermittently 
through O('tobcr 14, 1921. Data were gathered lor the most 
part dllril1g" the interval of July 16'22, incillsive. These data 
were compiled into the ta,bles and lists embodied in the present 
paprr during the month of Augnst, 1921, under pressure aris­
ing from two s'ourees: (1) Instmetions to have the material 
ready for presentation by Sept8mher 1, 1921; and (2) respon­
sibility to a flllltime tea(!hing position from July 26 to August 
31. 'rhe illvest.igations were made chiefly in and ncar a valley 
of the Red R.iver in ·Wichit.a County, 'rexas, known locally as 
the "Big 8end." 

SlLmmary of Results 

'rhe rpsnlts of the investigation IlIay he briefly f,ummarized 
as follows: 

'l'he e1imax stage of plant development for the region in which 
the Big Bend area is located is that designated by Clements1 

as the short-grass plains modiiieation of \nixed prail'ie associa­
tion. 

'rhe tl'c<'lc;.;s portions of the Big Beucl valley have virtually 
attained the climax asso(~iation, as is indicated by eomparing an 
analysisl d the vegetation of suell PtOytiOlU:l with tluljt of the 
blllffs on 1Iot11 sides of the rive'Y. 

While the length of time required for the Yeg0iatioll of a 
giYcn area to pass from initiation to climax C'allllot he definitely 

'The writer's testimony will be found in full in the Supreme Court 
Records in this case, Vol. VIII, pp. 42:38-439,!. 

'F. E. Clements: Plant indicators, Carnegie Institution of Wash­
ington, Publication No. 290, p. 139, 1920. 
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f>tated in years, there is mueh evidenee to support the view that 
it must take at least several hundreds of years: e.g. 

1. Upon a tract on the Oklahoma side above GrandLield 
Bridge, which in its oldest portion must have exceeded 100 
years, only tell climax dominants had become established. 

2. At the sOllthemmost limit of the cottollwood savannah, 
along th(' transect which yielded List XII, estimated to be up­
ward of 150 years of age, only five of a total of eighteen elimax 
dominant'S noted for the valley in this area had appeared. 

3. Using the conditions as they exist in the cottonwood S[l­

vannah as a basis for judgment, it seems entirely conservative 
to estimate 150 years as the minimum time required for the 
cottonwood stage to pass from initiation to extinction. 

4. There is no eviden('e of grca,ter correlation between t11e 
age of 1he oldest trees in the valley and the maximum age of 
the soils which support thcm than there is between the same 
eomparative ages of the trees an(l of the soil along the upland 
stream courses. 

f). The contentions of the United States and Oklahoma as 
expressed in the opinions stated by Dr. Oowles and in part 
quoted in this paper are, in so far as ecology is concerned, oas'ed 
upon inadequate investiga.tion and 11p0l1 misinterpretation 
of the development and strnctut'e of the vegetation in the area 
studied. 

Occasion for the Illyestigation 

'I'he discovrry of oil in the Big Blend which enhanced values 
/'Itupendously, precipitating the contro;ersy between Oklahoma 
:md Texas on the qnestion of the loca,tion of the hOl1ndan' he­
tween the two stateR: subsequent investigations on the part of 
scientific experts in the employ of the U. S. Department of .Jus-
1 ice: the reports of these t'Xl e~ ill, which caused t11(' rnt1'an('(' 
of the United States as an intervener in the suit; and the ap­
pointment of a receiver to represent the United States Su­
preme Court pending the settlement of the controversy; all 
have been briefly ontlined in the general introduction and need 
not be repeated here. 

The ecologic prob]rm involved in the boundary suit, in vjew 
of t hr rontrntions of the United State!';, was to aseertain whether 
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there was :allY evidcner to be found i~ the vCg'etl1tlon of the 
river valley that would give a decisivc answer to the qnestion: 
Is the valley land in the Big Bend of the Red River less than 
100 years' old? If there was 8u('h evidence, to consider it c'ar'('­
fully. test its ROlmdness and place it 'at the disposal of the 
(·0111't. If there was evidence to show that any parts. of the 
vaJJcy land wt'rC' more than 100 years old, to cons-ider its sound­
neRR also, together 'with the extent of such parts and then to 
p}are this evidpnce at the disposal of the court. It was to an­
Rwer these cplCstions tha.t tlw ecologic. investigations. on the part 
nf the Riate of TelXas were undertaken. 

ContentiOl1R of the Hnitrd States and Oklahoma 

'1'hr rontentions of the United States' and Oklahoma in so 
far as they involvr ecology were la,l'gely the result of prelimi­
nary invcstig'atiol1s on the part of Dr. Henr'y C. Cowles of the 
Univrrsity of Chicago. 'l'hey may he stated in Dr. Cowles' 
own words as follows: ' 

"Since the climate of the region is arid or semi-arid, the general 
country level, avart from the valley of the Red River, is unsuited 
to tree growth. Instead of trees, the characteristic vegetation or 
the region as a whole is prairie or grass land. On account of the 
greater supply of available water, trees are found in the valley oj' 
the river, both on the islands and at the foot of the bluffs and also 
along the tributary draws. It was found that as an island grows 
in area ano height, it shows characteristic vegetation stages or sue· 
cessions. Indeed, the very growth of the island is largely made 
possible by such vegetation. At the outset, when the island con­
sists merely of a bar or sand-flat and consequently is subject to 
more or Jess frequent overflow, the only vegetation that can exist 
at this stage of an island, is a vegetation made up of short lived 
annual weeds or shrubs or trees that tolerate a greater or Jess 
amount of overflow. Preeminent among such water-tolerant forms 
are willows and cottonwoods. Both of these species are a:bundantly 
founo as pioneers on newly formed bars or sand-flats. These wil­
lows and cottonwoods, on account of the abundant water supply, 
often grow several feet in height the first year, thus starting out 
almost as vigoronsly as would be the eaSe in more humid climates; 
consequently when winds hlow along the valley floor carrying a 

'Tn the Supreme Court of the United s.tates, October term, 1919, 
No. 27, original, pp. 106-111. 
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load of sand, theRe willow and cottonwood saplings furnish an 
obstacle to the sand-laden WIllUS. In this way therefore dunes are 
formed about growing plants. 

"Cottonwoods and willows are admirabl.y suited to life among 
dunes, since they grow rapidly in height as the dune grows. The 
higher the dune grows the higher the trees grow, seemingly as if 
to keep above the sand. This makes it possible for the dune to 
grow higher and so things may continue for many years, both the 
plants and the dunes stimulating the growth of the other. This 
stage of dune formation with willows and cottonwoods lllay be 
terrned the seeond stage in the successional history of the Hood 
plain vegetation. As the dunes increase in height and thus get 
farther away from rich supplies of ground water, various grasses 
and shrubs of arid regions begin to get a foot-hold. Shortly after 
the third stage is well under way, it was noted that many species 
of grasses and weeds come in abundan tly forming a relatively 
dense mat of vegetation over the dune surface, Henceforth, the 
sand dunes cease to blow-the dunes being fixed or stabilized by 
the mat of vegetation. It was found from the second day's study 
that this fourth stage is reached in the strikingly short time of 20 
or 25 years. 

"In this day's stndy, as noted above, we had the perfectly definitp 
date of 1875, the time of the United States Public Land Survey, to 
(:olllpute from. It may be noted also that the age studies of the 
trees served as a check on the line as reported by the surveyors, 
in other words it would have been possible from ecological evidence 
to determine the positiou of the 1875 line from the living trees 
alone. Tn this case the trees agree exactly with the records of the 
surveyors. * * 

"Age Studies Of '1'j'ees:-There are no more faithful witnesses to 
past ecological conditions than trees; in fact one may be a1bsolutely 
certain as to what the conditions of an area have been from the 
time of germination to the present. No trees growing in the region 
are able to germinate in water; consequently areas now occupi"c[ 
by trees must have been land throughout their life; also areas 
suitable for tlw growth of trees will have trees growing on them 
so that absence of trees from a given area commonly indicates con­
ditions unsuita1ble to the growth of trees. In the area under investi­
gation, however, the conditions for tree growth are not so good as 
in the more hnmid regions farther east. 'rhere is ample water on 
the fiood plain of the river but the numerous rapid changes that the 
river regularly undergoes make the establishment and growth of 
trees somewhat difficult. Agaiu because of the relative absence of 
trees in the region, as a whole, there are often difficulties in the 

way of sufficient seed formation to seed new grounds, For these 
reasons there seems to be more abundant tree life in draws or near 
the mouths of draws than elsewhere. -I' * * 
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"On accoullt of the careful study of tree ages made by Mr, Janes, 
1 pair! comparatively small attention to ring counts. However, I 

made a number ot such counts in representatIve areas and 1 made 
careful estimates of age based on tree and growth conditions. As 
a result of this, I alll satisfied that the entire area of the 'Big Bend' 
is less than 100 years of age. No tree with an age greater than 
100 years was Reen on the flood plain, whereas several trees of an 
age of 100 years 01' over were seen on the adjacent bluffs. 

While trees are not abundant on the flood plain as a 
whole, they are abundant enough to form the basis of an 
accurate ecological estimate of the age of the flood plain. From 
this aspect of the study, I conclude that in 181!J a channel of the 
Red River was running along the foot of the Texas bluff, that it 
had been there for some years previous to 1819 and that it was 
there some years subsequent to 1819 and that at some time between 
1819 and t.he present, the rher abandoned this channel. It is 
likely that the avulsion occurred more than fifty years ago, sinc€' a 
ronsidel'able amount oi side wash material has come down over the 
channel floor and because the old ('hallnel now contains, here and 
there, a consideralJle number of young trees. 

"SII1n111U1'1j:-lt if, conelnded from the evidence herein submitted, 
that in 1819 and for Home years prior and subsequent theret.o, the 

main channel of the Hed River in the 'Rig Bend' area was at tile 
foot of the Texas blnff. 'f'his conclusion is base.d lllJOn the follow­
ing facts: 

"1. Pflys'io[J1'aph~c I'VUrl1lcc:-In tl18 Red River flood plain new 
land appears in the form of islands rather than by accretion from 
the bluffs; later these islands may become joined with t.he bluffs by 
avulsion or less commonly by aecretion from the island sidf'. 
Specifi(:ally in the Rig Dpud area, several islands originated mostly, 
if lIot wholly, since 1819 and since have become merged by the 
abandonment of channels by the river. They have also become 
merged with the mainland, this process having taken place by avul­
sion, 

.. 0 IV('ological evidence :-Apart from trees, the vegetation of 
the mainland bears signs of conHiderable ecological antiquity far 
antedating 18·9; on the other hanel, the veg€'tation oj" the fiooel 
plain bears signs of ecological youth. From a perfectly definite 

study of the length ot time necessary to secure dune fixation, it 
was derided that any area of the flood plain not bearing trees, 
could haye reached this present st.ate of stabilization within fifty 
years. At no place in the flood plain of the Big Bend alea was 
there seen a place where the evidenC'e indicated an age of more 
than 100 years. ~inee the age of th€' bluff is more tban 100 yearf> 
and the age of the fiood plain less than 100 years, it follows that 
the Red River must have run along the foot of the Texas bluffs 100 
years ago. 
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".J. Evidence ]rom aun ot. trees :-This evidence follows closely 
that submitted under 2. That is, trees were found on the bluff 
over 100 years of age. None of 100 years of age were found on 
the flood plain, although some of this age were found in the mouths 
of draws at the edge of the flood plain. Thus the tree evidence, 
which is the most exaet and predse o[ all lines of evidence bearing 
OIl tlle iJfoblern shows that beyond qul'stion, the channel ot the Hed 
River in 1819 in the 'Big Bend' area was at the foot of tho Texas 
bluff. 

",'iufJplelncntal Repot'f:--As f\ll\lplelllental to my report, further 
investigations were made in the 'Big Dend' area on May 9 and 10, 
1920. In these investigatlOns, my attention was directed to a line 
of red posts which were said to lla ve been placed for the llurvose 
of indicating the thread ot the channel oj' Red River as it existed 
in 1819. All of tho trees which I 0 bservOd to the north of this linl', 
either at this time or during previous investigations, are less than 
100 years aIel, so that the establishmenc of this liue is in harmony 
with my investigations." 

The testimony ill (,hid of Dr. ('owles, testifyillg' in Okla­

llOllla City, SeptelllI.H:'l', 1921 (H, j)p. ~G79-2(77), ,vas in essen­
tial harmony with the opiniON, above set forth, exrept that 
Ill' testified as to havillg sprn il'eeR 011 the yalley t\oor mOl t' 

thall 100 yean:: old, one (Salllpl(> No, 0) beill~' ,IS 1I111('h CIS 

170-180 years of age, Bui all these he di8posed of by 8tat­
illg the belief tlwt they were on islands ill and for 80mie' yeanl 
sllbspqnellt to 1819, 

I Iowev('l', on rehnttal, ill the ('it,v oj' \\'asilillgtoll. I). C., 
[\oyelilber 28, 1f)~], after having read the eeologie testilllOllY 

OlL IlPlullf of '['exHs. l)r. Cowle's (n. I'P. fi:1Gfi-fi:18(j) adlllittwl' 

I. That a large part of the valley of the Red River in the Big 
Bend had attained the ecologic climax charactAristic of tilA uplands 
on 'both sides of the river, citing the river valley south of Goat 
Island, and at the longitude of the Boner Refinery as typical climax 
areas. (See table II.) 

2. That he nmrle no partieular sludy of the Big Ben(j area with 
a view of analyzing the climax vegetation. 

3. That there is no means of judging in years the exact or 
approximate age of a plant formation. 

4. That practically all of the planls characteristic of the climax 
are unable to make much headway in moving sand; and 

5, That he never liked to make an affildavit without having gone 
more carefully over a thing th'an he had up to the time when the 
abovp report and its Rupplement were made. 
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DJ'. Cowlet-l at this time, NovembeJ' 28, 1921, t-ltill eOlltendcd 
that the ecologic dilllax chalactel'i;,;tic Ol the viciuity mighL 

be e;,;;;entially attained ill 43 .real's, hut with cottonwood still 
present as a "leftover,') The hody of the present papel' will 
seek to prrsent the cLuta which caused the writer to (lisagl'ee, 

in general, with the original contentions of Dr. CowLes aud 

with thp specifi(~ cOllten1ic)ll 10 which lw Hti11 llt~ld ill 11i:-; I'e­

huttal teNtimollY. 

l<Jxpla llatioll 0 r '['enlls. 

Brfol'r ontliuing' tll(' ecologic' illYestig'ai ions llPalt with ill 

this papel' and thp l'esnlts ,vhieh ihey yielcled. it may 1I0t Ill' 

Ollt of pla('e to llIake a frw genelal statements which will ai<1 
1 he It Vi' 1'(1 goP laymalJ ill opttel' Hud \' I'standing the discussioll, 

Ecotouu is that phas!' of botany whil'h deab; with plants in 
relatioll to tll!'il' ellvil'OUlTIent, lilld with 1hr inter-reactions 1w­
tweell the two, By Growth-form is Illeaut the response ill 

forlll whirlt a rlant makes to tlIp inftnellCE' of its ellviroll­
meni. 'rn illW';tl'ate: there is a ('ommOll oak (querells /;~'('vi­

toba) W11ic11 Oil the limestone hills of Central 'l'exa:-: has 1 he 

11'ee form. This sallle ~peeies of' oak gl'ovving' tlpOlJ the spmi­

ilrid ,wndy soil of nppc/' Red Rivrr iN il HCl'nbhy shlnb oftrn 

not mol'(' than knee higb. '1'his differellce in fnrlll which it as-
snmrN 
lOrIn, 

plants 

ill response to itR ellvil'omnent if' knowll aR g'nnyth­
Thi!'; I'PSpOllsive ci1mlgl' ill u.rowth-forlll on the p,n't of' 

is a ('OllllllOl1 (well/Telle(' alld qllite sigllificani ill eco-
logic ill \'esti ga tiOllS. 

etl( I1t (}I 011 pinus :~--Lul'ge areas elcthed wit.h a 'iolllewhat 
Un'fOl'l1l t.\'pe of \'cgeiation are called p,lunl /o1"1)lut'io'!ls, e.g'. 

gl'HSNlalHl fOl'mation, deReJ't sCl'nh formatioll, coniferOI1H forest 
fOl'lTIlitil'll, pt('. 8n bdiyisions of the formatioJl are (fSSO(1'({­

t101l8, e g'., the post-oak-hlack-jack associ;ltion of 1he deeic1n­
OtiS fOl'e,~t formation; the BOlltelo/la-Bnlbitis aSfloC'iatioll of the 
g'l'asRlund fo IIllHtioll. All the a hove are cZ'iIlMl;c fornwt/O'lis 
and <lsl'W('iatiolls, BCg'il1nin~ with the ilnival of the fin;1 

pioneel' plall1s l1pOll a hal'e arpa, wllE'thpr new m; ill llIe easr 
of a sandhar, or merely del1nc1pcl, as by fire, cnltivatioll, etC'., 
there will, ill tll!' <lhSl'lH'P or furthel' llltel 1'el ell('(', t'1I:-'lle hOJll 
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year to year a ('unti1l1101lS change both in the nnmber of in­
dividuals and in ilJ(' number of speries to be £onml UpO:1 
such an arca, tCl'minating' ultimately in a stable balanced 
yegetation incapable of fllrtllcr change under existing condi­
tiOllS. A ctiJn(u; [ol'JJ/ation or association is thcrefore th<lt 
fOlmatioll Ol' association ~which will finally result and be per­
manent in It giVPll a.rea so louIS as certain climatic factors 
for sLich an arca are J,platively 8ta.hle and uncha,nged. Any 
association between the fin;t (01' initial) and the laRt (or 
eJimax) is called a He1'al or successional association, the term 
f'oo'lludion being' properly applicable only to climax vegeta­
tion of vast terrilorinl extent. 

Climatic Factors :-The elimatic factors influencing the 
eharacter and l'il'lilless of vce,'etatiol1, in the order of theil' 
importan ce are: 

1. 'Vater. 
a. Atmosph~ric. 

b. Soil. 
2. Light. 
3. Tempcl'ature. 
4. Soil. 

a. 'Texture. 
b Richness or fertility. 

G. Wind. 

( 1) Mineral content. 
(2) Organic content, includ iug soil organisms. 
(3) Air content. 
(4) Depth. 

Liyht beillg the SOHrce of enerKi' for all green plants, is 
of the first magnitude ill imporimH'E'. Dominant prairie and 
plains form" of vegetahon make the strongest, demand of all 
plantfl fol' li.ght; iherefol'f' fl1lC'h phmifl are not to he fOlll1il 

growing in the Rhac1E' of foreRt trl'PR. On the other hand, 

there :1J'8 plants, pspecially the lowel> forms such as mORRE'S 
and ferns, hut also sorne seed-plantR, which not otll~' tolel ate 

hut demand shaded places. 
Moistur'(', iR ns important as light. 'Without an adequate 

supply any plant will RllfFer, and, hpYOllcl n cprtain'minimnm, 
will die. 
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Tcmpc)'((tllre plays an important part In determinillg the 

form ot vegetation, hut it is subol'c1inate to light and usual1y 
more or less dependpni llpon it. 

8011 is a very complex factor, containing watel', subject to 
temperatut'e change, having some light ill the uppermost layer, 
aud in addition made up of particlps which give it texture. 
The textllt"c is coarSe or flllC a('cor(ling to wbethe]' tlle pa1'-
11('le8 are large or small. Soil of fine tpxtnre holds a higher 

pCl'eentage of water and holds it with greater tella('ity than 
coan;e soil (loes, 'rhe rielllless or fel'tility of soil depelHls 

UP011: 

Its toxture and capacity to hold water; 
Its mineral content, or those substances in solution which are 

essential to the life o[ plants; 
Its organic content, or humus, including soil organisms, which 

not only furnishes elementary materials used by plants, but also 
materially increa.3es the water-holding capacity; 

Its air-content, soil ail' being essential to the roots of all plants 
except those adapted to marSh, swamp, or llOg conditions; 

Its depth, that is, the depth of the layer containing the materials 
above mentioned. 

1Vind :-The stronger the wind the greater the consequent 
rate of evaporation, hnmidity heing constant. 

Ta ken in their entirety the fac·tors sugD;ested a hove consti­
tute a complex thp potency of ally 011P of ·which it is frl'­

qllcntly diffieult to estimate in a specific case. "\Vatel' and 
ligllt, howevpl', arC' always in the gl'catest (letlHmd, anrr when 
the former is used to irwlude atmospheric as well as soil 
wat(,l" the importance of that factor increases still more. Ii) 
the area nntlet' eOllsideration water is by far thE' mOf,t irnpor­
taut [aeiol', Sill(,(, light is pt'adically always at a maximum 
and ('venly distrihuted. 

l\Iethod 0 E Stucly. 

'I'll(' llsllal eqllipll1C'llt llecessal~T for botanical study and 
analysis of vegetation composed the field apparatus for the 
work. 'TIms eCjllipped, field Rtndics were made as followR: 
'l'ranSCels were rnn along the l'Ppr('sPl1tatiYe lines indicated 
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below; that is, these lines were traversed "lowly and carefully 
and the name of every known plant enconntered, together 
with a stateIll811t of its relative abunc1anc(> and importance 
was noted, Unknown or dOllbtfnl plants were collected, llum­
bered ane! provided with thp lleCeBSaJ'y data to make them 
valuahle as ROOll as theil' i(lentity should be determinec1. 
These ullknown aml dOllhtfnl JllantB were then pressed and 
hrought to tlH1 lahol'at01,Y, thp gTasNPR latp1' 11eing sent to 
tllP U, S. National Hprharilllll, all otber plants to the New 
YOl'k Botanical Gardpll for vprifieation 01' ideni ification, as 
the (~ase might be, 

Admowlec1gment, 

The ,niter wii-ihes hen' to PXPl'PfiS his !.('ratitllcle to :\-Trs. 
Agnes Chw,;e cf tIl(' IT. S. National Herharium anel to Dr. 
,Y. K. Small of tlIp :i\ew York Bobmieal C:anlpll fol' yall1ahlp 
assistance giYPll him ill identifying llnfamilia I' plants. The 
writer wiBhes also to thHnk 1)1', Frederi(~ l<~. Clements of the 
Tlcselt JJalloratory of tIl(' Carnegie Institution or Washingtou, 
Tnc:-mn, Arizona, for the opportunity afforded by his in vita­
tion of agaill yisiting (September 22, 1022), in his company, 
the principal area covered by the investigations; for the gen­
erOllS ('ol1nsel which he gave at that time; and, for reading and 
critieising the manuscript of the present paper. Dr, Clements 
was invitetl by the State of 'l'exas, ill the fall of 1921, to make 
a S11l'VP,\- of the Big Bend area and report his findings in order 
that lip might teRtify in the case. Prcviolls ellgagements of a 
pressillg natme prevented hilS accepting the invitation; but he 
kindly offelwl if possible to do so during' the fall of 1922. 
Hencr the oc~asiOll fm the visit mentioneu, with the writer as 
his gneRt. Colleagues who' have also been kind ellough to read 
ami eriti('iRe the paper are: Dr. Fre(lel'ickl\'kAllister, Dr. E. H. 
Spllal'ds, and, }If]'. George Finlay Simmons. 

The Big BellCl Vielllity. 

The p:eogra]lhic location of the Big Bend of Red River 

has already beell g'iY€n as thE' northern part of Wichita 
County, Texas. It l'emnim; lwiefly to (le1;('rihe the physiog-
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l'ilphy and fertility of the land8 constituting the upland back 
of the river on lJOth Hides, and to state the ecologic loca­
tion of the general area il1vesti~ated, together witll it~ eCOll­
omit, history, 

PHYSIOGRAPHIC FEATURES. 

'l'hr 1'e.ms Side:-ljying back of the hluff on tlw Texas side 
tlwl'r i~ all nlmm;t levol Rtretch of country whose Randy soil is 
very fille ill texture" rieh in fertility, and of the reddish color 
('haractpri~tic of the region. 'rhI'ollgh thiR level country small 
stl'('am~ ha vc wt their way, their ('Olll'SeR being marked by a 
:.;('11nt growth of elm, hackbeny, pecan, and cottonwood trees. 

The Okl'ahO"lna Side :-Back of the bluffs 011 the Oklahoma 
side, which are decirLecUy lower in this vicinity than are those 
{In the Texas side, there stretches for three-fourths mile or so a 
series of old sterile sand dUlles. 'l'he rough topography of these 
dunes stands ont in contrast to the level area lying back of the 
'['exm; hi'l1ff, a<;, does also their great sterility compared with the 
fe1,tility of the lanel on the 'l'exas side. Beyond th(, dunes, the 
soil on the Oklahoma sic1p abo is fe1·tilc, Rnd givell over to the 
culiiyution of the same kind::; of crops as grow on the 'rexas 
side. 

g(,ologie /,omti01z, :-']'110 Big B/'lld of TIed Riv01' lies toward 
the PClst0l'll limit of that part of the gl'assland fOl'mation kllown 
as 1l1e mixed prairie associa.tion. Tnteillsive gl"m:ing' fnlqllently 
so <;uppl'e~s('::; the tall bear(l-gTasses of this as~ocioatioll 1hat a 
sub-climax (~oIlditiOIl known as short-grass plains appears. '1'his, 
howcvcr, is a pllrely al'ti ficial condition, thongh contiYllLOlLs 
oVPl'-gr'flzillg may l'anse it to be in effect permanent. 

Trces:-,Vhill' no native t1"("e8 occur except along stL'eam 
courscR, pla,utcc\ tr('eR, especially cottomvo{)d, thrive, quite well. 
]'a1'1n hom;cs are often ~'11r'l'olllld('c1 l)y grO'nps of 'these shadr, 
trces. 

Economic Histor'!l :-'[,he area has I>a~sec1 thl'ougb periods of 
both the graziug' and iarmill!.'>'" industry. At the present time, 
except in sitna,llons where the oil industry ha'> 1nterferc(1, it 
snpport< crops of wheat, oats, corn, grain-sorghums, and cotton, 
thongh the growing of the last named crop is maclci somewhat 
precarious hy the semi-arid climate. 
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Deta.iled Strllci1/'l'e of the Vegetalion:-As to the details of the 
native vegetation, both as regards the uplands on both sidet-;, and 
the vallry betwren the bluffs, as careful a study as time 
would permit was made ill the ma1111er sllggrsted ahove, and the 
l'e~mlts of thiss.tndy were rrduced to tabular form. ~While it 
is thoronghly recognized that a tabnlated statement of detail is 
some\\'hat hnrdensomc, there is no other \Yay to get the mass of 
detail into an OJ'derly intelligible for111. 

Areas Stlldied in the Big Blend Vicin ity 

1. TEXAS. 

Detailed observatiollR on the Texas side were made along the 
lines indieated below. For these locations see l'edueed topogTa; 
phic map of the Big Bend area in pocket. 

1. Following approximately longtitude 98° 36'40" from the 
Texas blnff on the south to the riv8r sand-nat north of Goat Is­
land, referred to in the tables 01 this report seJlarately as River 
Valley ,>outll of Goat Island and as Goat IsJand. 

2. Following approximately longitnde 9R08WlO" from the 
'I'exas bluff on the sOllth to the riYel' sand-flat on the north, 
hereafter referred to as longitude of Refiner~T. 

~-l. An area including' both Rides and tor of the 'l'cxa~ bluff 
for a distance of somp 600 feet begilllling at longitude 98°40' 18" 
and extending eastward, or down strc~alIl. This locality lies 
just west of Bridgetown. 

4 }1'ollowing the base of the 'l'exas bluff from approximately 
longitude 98°38'30" in a general pasterly direetiol1 to longitude 
98°37'15", this being the longit.ude of tlH~ mouth 01 \Vild Horse 
Creek, thence following the channel of this creek to what is 
generally known as the Lone Cottonwood (Sample No.5), longi­
tude 98°36'16", thence back along this creek to its entrance to 
the river yalley, t.llPl1ce in a general north-easterly direction t.o 
longit.ude 98°36'40"_ 

5. OlJservatlons and collertiolls were a1,>0 maue oyer the 
whole road system of the rivpr vallry on the Texas side from 

Bridgetown to longitude 98°36'0" where the Devol roar! 
crosses tb e river_ 
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II. OKLAHOMA, 

Detailed observations in Oklahoma, were made as follows: 
1. A long the top and the sides of the Oklahoma blnff, and 

extellding 800 to 400 ft. into t,he dune area whieh lies ba,(~k of 
thiR hluff, heD:illuing at the north end or the Grandfield Bridge 
and (·ovC'l'ing n, di,~tance of some 600 feet westward. This area 
js referre,l to ill the tahles of this report as Oklahoma,Bluff. 

2, Along the hase of the Oklahoma bluff for several hundred 
yard" heginnillg at the Grandfield Bridge and working in a 
g'pn('l'al wPRtprly direetion, Rpecial attention being paid to seeps, 
of whi('11 there is a conspicuous line in this locality. This area 
is included in the tables of this paper under River Valley Okla­
homa. 

3. Along a general southerly line aPPt'oximately paralleling 
the Grandfield Bridge and some 600 feet to the westward, be­
ginning at the Oklahoma bluff and working southward acrm;s 
thE' valley to the river channel. Tho valley in thiS' speeial part 
of the Oklahoma side is made up of very low dnnes and separat­
ed by rather brOad flats. '1'l1(ose are ineluded in the tables 
under the IJeadinQ' "River VallE'Y Oklahoma." 

4. Along the river vaHey in a general westerly direction 
from the Grandfield bridge' to tllp draw throllgh which Curtis 
Creck ruter's the valley, a distance of perhaps two miles. 

G. A speei'al trip was made on Jnly 18 to the vicinity of 
Augur Creek, abont six miles lip-stream from the Grandfield 
Bridge, studies being made of the trees, tOo be fOllIld a,]ong it!'; 
(,OIll'N(, from a point ~,('vcral hUlldred yards above where it en­
ten; the l'iYE'I' valley to !l point 'Somewhat. below where i1s ehan­
ne'] elltel'S illtn that of the river. rrl1C dista,n(:e cO'vel'ed heJ'(~ al)­
proximates ~% miles. Since tll(' purpose of this trip was' not to 
rna kp a Rtlldy of the general ecologic condition of all plants bnt 
ollly that of trees, this area is not ineluaed. in the tables. 

DATES OF INVESTIGATIONS. 

In all, twcnty cla,ys were spent in field investig'atiol1s m the 
Big Rend and vicinity, distributed as follows: Jnly 16 to 2~ 
inclus'iw; A'\lgust 10 and 11; August 28 and 24; AU2;ust 30 to 
September 1 ; September 10 and] 1; September ~6 aml 27; 0<,-
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tober 2; October 14; Oklahoma side of valley, Augur Creek, 
July 18; Oklahoma side of v'alley, Curtis Creek, July 19. 

OTHER LOCALITIES VISITED. 

'1'he following additional localitie", an except Bnrkhurnett 
bridge area lying up the river, were visited for the purpose of 
comparative studies: Oklahoma side of valley below Burkbur­
nett bridge, July 20; Tenth Cavalry Creek and China Creek, 
September 27; Electra Bridge area, September 28; Doan Area 
and Picnic Valley (3 miles above Doan's) September 29; Round 
'1'imbersl Ranch, Mulkey's Ranch, Wanderers Creek and Ayers 
Ploace, September 30; 1'OOth Mleridian, Bnck Creek Ford, Twin 
Windmill Valley, O('tober 1. 

'rabIes and .r~ists 

Table 1." Having made as complete a list as possible along 
each transect, there followed the necessity of getting the re­
"nlts into tabui'ar form so a", to facilitate comparison of the 
"a rim!!'; localities 'studied. In order to do this the name of each 
plant on each transect list was transferrcd to a separate cnrd, 
whi('h contained also a R-iatement of the locality when('(' it came. 
The cards were then alphabetized according to plant names and 
Table 1 was compiled. Prom this table one may tell at a glance 
the local di'ltribution of any and all the plants it contains. For 
pxample, Acamptoclados sessil1'SpicHS (Budd) Nash, was found 
in the river valle,y south of Go'at Is,land, on the Oklahoma bluff, 
on the Texas bluff, and in the fiver valley at the Blaner refin­
ery (longitude 98°38'10") as' indicated hy thc dash in eaeh of 
those columns. 

Table TI waf> (lompilecl in the same manuel' as 'rable I, except 
that in Table If the three areaR Oklahoma seep, Oklahoma low 
dnnes, and Oklahoma flood plain are condensed to river val­
ley, Oklahoma; and the common name of the plant whel'e known 
was givpn in addition to the scientific name. 

'Table I, since it is practically duplicated by the fuller Table II 
Is not reproduced in this paper. All references to it maybe applied 
equally well to the latter table. 
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'Pable III was compiled in the same manner 'as the two pre­
('eding', but c'ontains only the names of plants found to be COll­

I:ipicuolls and considered dominant in the various localities. 
Prominence and dominance were used in the same sense ill the 

testimony and are so to be construed in this paper. Though 

there is good reason to limit the term dominance much 

more na,rrnwly, snch limitation would not essentially change the 
interpretatioll placed upon thol l'esult~ of ecologic' investigations 
as found in the testimony and in order to avoid confusion the 
same mean ing al:i llsed in the testimony will be retained in this 
paper. 

List I rel:i'ulte(l from a comparison of the colulllu headed 
HiveI' Vallcy south of Goat hland with that headed River Val­
l<,y 01l:1'ahoma_ The significance of this Hnd other comparisons 
will be brought out la,ter. 

Dist II. Plants found both in the river valley south of Goat 
Island and. on the bluffs of Oklahoma (sides and top) as shown 
by a <,omparisoll of thoRe two ('olnm11s in Tahle II. The pur­
pose of thi~, list is to !.!'rt a dcfinite statement in terms of plant 
spe('it,s al-! to the similarity of the veg(~tation in these two loca­
tioJls. 

List III has the same l1Ul'pose as Tji~t TI, except that it con­
cerns itself with a cOl\1pal'i~:Wll between the rivel' valley area 
flOllth of Guat Island and the Texas bl11ff. 

T,isi IV ("ompares two arcas in the river valley abont 3Vz 
miles apa.rt, ill order to permit of a (lefinite statement as to the 
uniformity of the valle.y vegetation. 

"1'81 V. compri;:;es a few pl'anis found along the Refinery 
'rl'Hl1sect that were also found on the Texas hluff bnt not in the' 
valley south of Goat 1sla1](1. The fact tha.t they were not found 
along the laiter tramw<'t does' llot necess'arily meau their ab­
sence in that area: they may have 1)('en there but happened 
not to be encountered on thc transect. Following this list one 
plant (lsoTJaTJ Ims divaricatns) is noted as having been found in 
tht> I'iver valley at the Refinery longitude and Oil the Oklahoma 
hluff, hut neither on the 'l'exa" HI nff nor in river valley sonth 
of Goat Island. This plant, 'nlso, may have o('cnrre<1 in either 
of the latter two localities, hut was not encollntered in the tran­
Reds 1'1111 thereon. 
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Ilisl 1'1 is lor 1he p1ll'pose of showing the particular plants 
common to the 'l'exas side of the valley in the Big Bend area and 
the bluffs 011 hoth :-:ides but not in the Oklahoma side of the 
valley ill the areas, studied. 

I~isl' VII shows tlw plallts common to the valley area studied 
on the two 'Sides of the river but 1l0t on the bluffs of either side. 
rrhe vegetatioll of the yallcy on the Texas, side is shown, by a 
cOlllpal'isolJ of lists VI Hwl V II, to' be nlllch more like the bluffs 
on both sides than it is like that of the valley on the Oklahoma 
side. The al'ea studied 011 the Oklahoma side was known from 
maps aml testimony introdueecl by the United States and Okla­
homa to he in pa,rt more thau 45 year/,; old. 1 t therefore, ac­
cording to the opiJlioll of Professor Hellry C. CO'wles, (see his 
quoted affida vit, pp. Dl-94) should have had ample time in which 
to reach the climax typical 0 f the surrounding country. It is 
still far from 11a villg reached snch a elirnax as is at on(~e 

apparent frolll a comparison of LJists VI and VH. 
L·ist VII J (~o1l1PJ'iRes those plants "which were Hot fOllnd ill 

the river yalley in any of its areas stl1Qie(1. It will be noteu 
that nearly all of these specie;; arc confined to the Permian 
red clay and gravel t.erraces of t1H~ Texas bluffs, as indicated 
hy the word "Permian" following the lett.er T after most of 
the plant nam es. 

List IX segregates those spe(~ies which were fonnd to be 
dominant ill some oYle or more portions of the riYer valley 
on t.he Texas side alld ali'!o dominant npon either t.he rj'exas 
bluff or the Oklahoma bluff. Sneh plants as were in addi­
t.iou found to be domimm1. in some part of the valley on the 
Oklahoma side arc markeu with an asterisk. 

List X shows the dominant planti'! COlllmon to both the 
'fexas and Oklahoma sides of the valley. rfhose plants domi. 

llUut on both ~)il1es of the valley and on one or the other of 
the bluffs, 0]' on both, are marked with an asterisk. 

L i,i TI "llOws the plants fonnd to be dominant in the val. 
ley on both i'!ides of the river' and also upon either t.he Texrr:o; 
hlllff or the Oklahoma bluff 0]' upon both. l 

1The number on this list as it apl,ears in evidence is 5. Worl, On 
the man llscript for this pu bliea tion revealed an error in til e cap­
tion of the list, and als,) in the number of species listed. Both are 
corrected in the list as it here appears. 
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Li~ l X 11 results from a transeet begillning on the sand 
fiat of tbe rivel', a 11(1 running ill a generally southerly direc­
tion, appl'oximately along Thiel'. ~)8°38'2'J" until the real prai­
rie portion of the Big Belld south of the cottollwood timber 
is reached-a ditltalll~e or approximately 3500 feet from the 

point of begiIlll i ng. 

DitlClll'lsion of List XU. 

\Yith relerPllee to Ijist XJl it may not be out of place to 
go into somewhat greatel' detail. The transect ,yas beg1lll 
ahout 4,,}0 feet north of the cnt-bank of the river, 011 what 
would he called in ordinary (Jarlancc tlw bed o[ the l'iver. 
This bed, or sand-fiat, is so nearly devoid of vegetati(1Il that 
anyone upon casual observation would be inclined to tlay 
that there was no vegetation at all upon it. It appears to be 
pure sand. But on closel' investigation and by walking over 
the riyer-bed sparse vpgetation is found. It is fl'om this type 
of locality that. the six plants under the caption "f;and fiat" 
were found. 

N owly Acct'eted Land :-rrhe "newly accreted land" consti­
tuting the heading of the next section consists of a vegeta­
tion covel'ed fiat. extending as a lwrlOw marginal strip 50-60 
feet bad~ from the "cut bank" to the "first dune next to 
ne,,'ly accreted land." The vegetation on this l1ewly aecreied 
land is quite appreciably cLem,e, but the llIunbel' of species is 
not great as reference to the list ~will show. Four of the six 
species taken from the "sand flat" an> again listed on the 
newly accreted land. 

PI/'S! Dlliie:-The "first chllle npxt to 1le\dy aeC'retcc\ hmd" 
shows eigllt species not. before listed, together with {~oitOtl­

wood np to 4.9 It. in circumferenee. Of the eight species llot 
before listrd all ('xeept poison iyy and grape are typi('al dun!' 
pioneel'~ for th(' vicinity. Revrm:hon'ia, Clwmaesyec and 
Apoc/JlIl1 JJl normally are the first t.o yield io the competition 
of latel' immigrants, while Othake, grape, cottonwood and 
poison ivy al'e snccessful in maintaining' t11emse1 ves for con­
sidera.bl)' longer and in the face of much keener competition. 
The two ~ldro}J()[Jons, especially A. s(J,ccharoi.d'es, are perennial 
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constitnents of slightly gl'a~ed sandy portion of the mixed 
prairie climax association typical of this gencral locality, and 
are enabled to bccome suceessful invaders of bare areas by 
rcason of the feathery nature of their seedR whieh admirably 
adapts them to wind dispersal. 

Second Plat:-The "becond Hat south" yields twelYc speeies 
not previollsly eneountel't'd on this transeet. Praetically all 
of these are (~onfined, throughout this entire vicinity, to moist 
flats. F;Tiogonnm, lsopapp1ts and E'Tagrostis spp. constitute 
thc cxeeptions. ~Willow (Sali.r Zuteosericea Rybd.) is yield­
ing to too strong competition, as evidenccd hy the dying 
eondition which it exhibits. Its ability to compete with it" 
neighbors is appreciably lesst'ned by the ravages of the pine­
COlle gall insect, BhabdophaglL skobiloides \Valsh., whose 
white eone-shaped galls resemble snails dustered ahont the 
stems. Each gall r<~presents a blasted blld. Thiekets of wil­
low often persist fol' ypars, however, evell in this decrepit 
condition. 

Second Dnne.:-The vegetation of the sccond dune is essen­
tially like that of the first, exeept that the second contains 
willows, which the first did not, and that these willows are 
in the same dccrepit condition as those of the second fiat. 

Third .fi1lal :-'1'he third flat adds six species. only two of 
which are of special ecologic RigniTIeanee: Eragrostis seclln,­
diflora and Tva ciliata. 'rhe former is a common member oif 
the climax formation while the latter iH a conSpiC1l011S dom­
inant on alluvial Hood plains of this portion o[ the south­
west, frequently forming almost pure stands on the older 
ones. This is so conspicuously true of the tiood plain tra­
versed by Wild H01'se Creek (see redueed topographic map 

in pocket) that civil engineers engaged in making: maps of 
the vicinity, for the United States ana Oklahoma, and act­
ing upon thc advice of h h .Janes, g;overnment ccologiHt, 
delimitec1 "channels" from "islaTIds" by thc lines along­
whieh I1Ja C'I:7iata snddenly gave way to the grass dimax as­
sociation common on all the oldest treeless areas except the 
loweflt alluvial g·ronnds: at leaflt this was the general rule 
as sworn to hy A. N. Kimmell (R. 2588-2542) .Whereyer the 
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exigencies of thc occasion seemed sufficiently to demand, the 
rule evidently was not followed. ]'01' example United States 
and Oklahoma exhibit No. 80 shows tree samples Nos. 10, 11 
and 12 as having' come from trees located 0'11 "islands." As, 
a matter of fad the only vegetation that surrounded anyone 
of the three at the time it was cut was the "wild ivy" (Iva 
ril:~alta) described hy A. N. Kimmdl as signifying­
"old channels"; and the actnal elevation of the soil at the 
base of ~ample No. 10, as compared with the very lowest ad­
ja('ent portion of the slough channel was 0.58 feet, while that 
of sample No. 12 was, upon the same basis, 0.99 feet r 
(R. 4354). The elevation of sample No. 11 was, through an 
oversight, not taken, but its position is lI,lore than 50 feet 
farther Ollt in the slough ehmll1pl than is that of the stump 
from which sample No. 10 camp. It is safe to say that the 
elevation is considerably less than one foot above the lowest 
point in the (·harmel at; that pl1ace. 

Th'irdJ D1l11C:-Returning to a discussion of List XII, the 
third dune adds a dozen plants that are very interesting. 
Everyone of them not even excepting the grape, in the 
a bundalll~e and condition in which it here occurs, is indica­
tive of considerably mOL'f' matnrity than was found in the 
vegetatioll of the second dune. The associatioll here begins 
to aSSUIllC' some of the aspects of tIlt' mixed prairic climax, 
thong'h some cottonwoods are still presPllt. It is also inter­
esting to note that thiH podion of the transect traverses the 
area from which irep sample No.7, a cottonwod 75 years 
old, was ('lit. Using the age of this tree as a basis fOl' form­
ing a judgment the territory is more than 7f) years old. An­
other intel'esting point is the presence of the prickly ash anrl. 

plum shrubs. Neither of these specieR was observed any­
where in the investigatiollEi as occurring upon any but rathc,' 
mahll'C dllnps; and both IWI'sist as scrubby shrubs scattered 
sparsely among the othf'r members of the climax long after the 
typical elimax has been reached. 

~fi'()IlTth Flllt :-'rhe fonrth flat brings in a fcw other species 
indicative of drier and more mature cOIHlitions of vegeta­
tion ill the older, highcr flats. It also marks essentially the 
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southernmost point of the cottonwood and the beginning of 

the climax stage, which extends from this point as a strip 
SOHle 3000 £1. wide, more 01' less, to near the foot of th(' 

"rex as bluff. 

Develnpmental l-Ii,tory of the Climax Assoeiation 111 the Rig 
Bend 

S IIccess'ion 'In Sunil Dilnes :-Those portions of List XII 
which deal with the vegetation 011 successive clunes are ilhw 
trative of the usual sllceession of pIants in dune al'eas. At 
first both the numbcr of species and of il1dividuals is small be­
CallS€' of e'Ctreme cOllllitions of moisture and becanse the wind 
('om:t1t.utcs a disturbing' factor of more effed than ii' normal 
for it in this area, both by iis shifting of the position of the 
growing dune aud by its addition to the dune of sand from the 
adjacent sand plain. '1'lw pioneer plants are able gradually to 
increase ill numbers, however, whieh has two important effects 
upon the environment :*/1'irst, the vegetative covering exerts 
a stabilizing influence whose effect is directly proporilonaI to 

the density of the velg'eiation. Thi'S at length not only stops the 
wind from hlowillg the heavier partielps, [)\1t also (:atche8 and 
holds the very fine partiele" that Hift down from the atmos­
phere as it calrm: after a gale. Thm:, aH time goes on, the tex­
tnre of the surface layer of soil 011 a stabilized dune comes to 
contain a la rgE'r and larger proportiOll of small parLicles, so 
that snrfa(:e evaporntioll is lesselled and the water supply avail­
able lor planh: is increased.' Second, every rootlet of every 
pioneer, and of every subseqnent plant, upon death, adds its 
mite< to tIlt' orQ,'Hnie, content of ihe soil. At fir:-;t, the wind­
blown sand contains scarcely any organic matter; but as S11C­

ces:-;ive gen8rations of plants in continuouRly increaRing num­
bers die and c011tl"i1mte their remains or are eaten anci later 
mueh of them returned to tIw soil as waste from animals, the 

*See Plates I J. and VT. 
'The percentage of fine soil thus contained in the surface layer 

of dunes was llsed by Dr; E. H. t1ellards in computing the relative 
and the approximate ages of different dUne series. See his account 
of it, page GO. 
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orgamc eontent slowly hut steadily increases, This orgamc 
{'Olltent, or b nm I1S, also 1ms a deciued influence in lessening the 
(xtreme ronditions typical of a primary dune habitat in that 
it ('(,ntrihntes, upon decay, valuable solutes necessary to the 
~Yllthetic process of its living su(~cessors and also vastly in­
(,'eap('~ ihe watrl'-hole1iwl capacity of the soil ill which anpl'e" 
(,iahIc· quantities of it are rontained. 'rhus, t.he cumulative 
process of alleviating extreme conditions goes on, and as condi­
tiOIlS become less extrellle, and as seedS! and other dissiminules 
of plants adapted to the mor(" favorahle (~ollditions are brought 
into the area, 11ew pl:mtR Hl'is,ing from them appea,r and become 
f'stallliqhed. 'l'hese nevY-eomel'S snc(~('ed in (',rowding ont those 
pioI10e1"'1 which arl' especially adapted 10 extreme pioneer con­
ditioll'l, hnt which arc not well enom~h adapted to thc generally 
1e~s rxtll'emc ("Ollditions, which tl1CY thcmfje1ves have heen 
lllrgr1.v instrument'al in cTeatin!.!:. to compete with the ever in­
creasing number of hetter adapted new-comers. AR a rcsult 
sUl·h plants as Revel'chonia, Uha:m,(nesyce and A }Jocynlwm HroOll 

.v ield to competition from 'Hle'h plants as tho-se listed as ocenr 
iug on the 'I'hird Dlltle. 'I'he two And~'o}Jogons, on the other 
hand, are capable llOt alo11e of wilhRtancliug extreme pioneer 
eOll(\itio11S, hut also of meeting the kcenest competition on the 
part of any of the i1l11 a11itan1s of later ~llcceSS,iollS. so that. they 
constitute dominant member::; of t1lC' climax aRso('iation for this 
area. 

,VwmlJer of 8pe('ics in Serml Stages :-Another important. and 
interesting' matter roncel'lled with tIle developl11rntal history of 
plaut association<=;, aR illustrated in dnne successions, is that of 
rhanges, in the nnmbC'l' Ol specie;;; l'eprcsentrd at variom: Rtages. 
Tn the initial 'Stages thr number OL specicR, as RhoW11 hy the 
list of thoi;e on the First Dune, is' small; frequently there may 
he hut one or two. But as, conditions become less extreme, a;;; 
stHtecl ahov0, others ('omc crowding' into an area, SI() that the 
oh1er a dune gl'OWS the greatel' the number of plant species re­
presented nl10n it, np to that. stage at ~which it bcgins to take 
Oll the aspect of maturity. After that there is' a steady dpf'l'east" 
in the numller of Rppcies of plants 'as eompctition gradnally 
(lperates in favor of tho<;r 1lC'~t rmited to dimax conditioni'. 
Thns the climax, though comprising a denser vegetative covor-
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mg, comprises actually fewer species of plants than did those 
'of fanner HllC cessional stages, 

)'hl,cces'sion 'lII}Jon, Ji'ZUlisl:-rrhe ]'lats also, as illustrated in uist 
XII, s'how a mal'k('d progressin' changel as one compares each 
with that wh[(,h snm;eedf; it. 'rhe first two (those designated 
as "newly accll'tec1 land" and as "s('cond flat south" re­
speC'ti vely) diffcI' from each oth('r maillly in the grea tel' I'idr 
11<'1'18, of tlw V('gr~tation in the "secolld flat sontil." Both arc 
yet unfilled to the poillt whe]'(' the,v b('gin to show aridity 
dLlring' drouth, hence the plants they cont'ain are preemin­
enily illhabitants of moist soil. Bnt the' next two, th(' "thircl" 
and" fourth flats," both show developmental signs of drying; 
out. Not a single one of the additions offered by the fourth flat, 
hut is 11 typicI11 inhl1hitant of dry soil: while of those offered 
by the third flat t11('rc arc two, fI})'(llyro~ti~ and Tva whic;h are 
indieative of ,~tages dccid('clly removecl from initial. 

Ascellde11 c1/ of Dom i?1(l1Iis :_rl' 0 the sonth of the fOlll'th flat 
the elimax ('onditioll is reached by tlw increasing dominance 
,of such grasses as Bontelana, the AlIdropogons, A camptocZados. 
An:sticln, BnbW'is, Eragrost1's, CC11chrlls, and other semi-a:rid 
pCl'cnll tills, associated with sueh annnal or perennial subdomi­
tlallt herbs iI'S Amb1"osi(ll pS'l~Zastachya, Er'iogon'llm. Ganra, spp., 
fJ el'e'rot h('ca 8/1 b (li.T m (lrisl, TIy mClllOpa [1'1) II S SI( lpllltr'ellS, Phyla 
(IIneijolia. ctC'. HeTC' a1<:0. as stated befol'(" tiJCl'E' I'pmaill n'­
lic,ts of Baccha1'1's, priddy ash, Bwrnclin, andl plum as scrubby 
shrubs .. rl'hp sil~nificnl1ce of cottonwood awl the pal't it play,; 
in the progTPssive ('hungcs toward tile elimax of vegetation ill 
the Big Bend are n'sprved ror di~'Cll"si()n in conncctiOlI with the 
snhjed of Timher Growth along upper Hed River. 

Jlirdure Flalts :-lVIntnrc flats ill tlw B'hoet grass plains modi­
firation of the mixed prairie assorilltioll are frequently occu­
pied almost excllisivel~T by a single dOlllinant. For example, if 
the [lal is normally kept fRirl,Y moisi 1Iy streams entrring from 

lBnlbilis. not being in fruil: at the time of the investigation and 
'being a short-grass, was overlooked. This was a very unfortunate 
oversight, as knowledge of its presence in quantity would have been 
another potent factor in the evidence. It was found in September, 
1922, UJlon the visit to the area in company with Dr. Clements. 

~'See Plates IT and VI. 
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the llpluml, as! the flood plain Wild Horse Slough, there will 

be an almos,t pure stulld 01' consocies of marsh eldel' (It'a r,il/.­

a/a'l. If. howevcr, the flat has no sHch source of moisture, and 
a'i n ('Oll..,eqllence hecomes dry, thc domiHallt consocies, will be 
111p 1-,111 a 1] pNcJ1nin 1 1 ng weed, CtllnlJrosia psilostu\ch'ya,) This 
1at1e l' plant is also a normal dominant upon mallY aUn vial fans 

adjau'l1t to the TexaR hlnffs, and ill certain very finc·textured 
soils at the top of the bluff. Both ma.J'sh elder and the small 

pel'(,llJ1ia 1 l'agwep(l are eommO]l dominunts ill 10eatiOlls along 
creeks, l'lyer,~, amI nats thl'ougllOut 'l'pxas, wherever alluvial 
soil lllliy Hl'Clll111tlate and ll1oishu'p conditiOlls are similat, to 

tho~(' ill \\ hit'l! the~' are found along He? HiYer, 

Hc-lativc "\~PF; of the V'H]'ions Al'pas Studied 

,\f; to the lell/.ith of timc, CX}H't:'s-ec1 ddillitrly ill trnm of 
yean, "\\'hie11 it takes fo], an are;] to go through thp successive 
('hHll~('" hom initial siage to ('[imax, ther(' is 110thing ill tilc 
lJatUi t' of the herbacc'olls vegetation of an aJ'ea to indicate. By 

c()mll<ll im!; Val iOllS rcpresentative arcas ill the valley wiih each 
other anll with climax areas. 011 both bluffs, however, it is po~­

sible il) \!.et a yel'y clrl'inite e~timate of the l'rlative age of any 
g iy(' 11 a I'(,H. ?\ ll]Qr]"oUf, ~ll("h (~Oltl pari",,}]s hav(' hec11 made in the 
Rlllnma t';'>' of Plant Di~t l'il)11tio11, nncl It In'i(' E dispus<;ioll of t hf'He 
(·om]lal'i"()Il~ f()ll,)w~. All c()mpari'''.f)Il~ we're' made hy lise of 
'l'a hlp I1, (~X('t']lt those Rta ted in items number 21-~:' inclnsive, 

Of til("'p, i1ems 21-2;) werc ohtaillpd hy u~r of '['able III, while 
itcms 2.J:-2.1 \\"(,1"'e ohtailled hom TallIe IV.~' 

('0111 ri(I'I'/\aTl of .itYIIS :-Of the total of 165 plants (itc111 ~o, 
11 f()uml ill 1lie whole vieinity, 1;),1 WC1'P fO'llll(l O}] the Trxas 
t"ide (item '\0, 7) H'i ('olllpHred with 110 un thl' Oklahoma side 
(item \:0, i,l Of 111(' l:)·~ i'Olllld 011 l.tll' rrl'XH'i ~ir!e 18:1 (itpIT' 
No, .1) occ'1ll' in lhe valley as compared with 106 on the bluffs 

(;teHl '\0, D,) rfhi" illllieaies that the vcg('tatioll ill ihe valley, 
(01lI-;i(1el'e(1 a" a \\"ho]p, has Hoi l'mnplctec1 thc task of adjll~t­

l11Put to climax ('oJl(litic1IS, Hf; illdieatrd b~' the' greater nnmbcr 
(,f ']l('f;jr~ ill t1IP \'alley. nor ('all it be expeetrd {'vel' to become 
\\"holl~' ,](ljmtrd, so long as the stl'emn eontinucfl to work the 
yall('~', rj'lle YClllC',v eOlltains every c1eg'rC'e of moifiture from 

Table IV, u~ed in t.he t.estimony to show 1.he distribution or 
each of the variolls plants dealt with, is omiUecl in this paper for 
lack of "pa('e 
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,Yater to' arid soil, and every shade of soil texture from 

coal'se ~aJld ill ll10Villg t1uucs to silt in eY(~ry ('onccivable stage 
of pmity, Both t~'pes of soil al'e affeded 1))' the wide range of 
llloi\tllrc' so that 1he yaUe? as n whole is m11ch mOl'e yaried in 
the conditiom; which it pre~E'nts than are the blnffs, In tabl(') 
II the whole valley is eonsidercll. If onl? the older dunes 
were cOJ1sideTcd their veQciative covering' 1Y0uld be found to 
duplicate very dosely that of thc dLlnes hack of the Oklahoma 
hlufl'. In the consecutive RtaQ'eS leading up to the climax for­
mation there is at first, as suggcstpd above, a more 01' less 
rapid inl~rease in the number of specics occupying a giYen area, 
As the area 11ecomes more aJld morc croweled, competition be­
tween tIlE' vario11s species For water and solutes hccomes keener 
and keener, f;O tha1 those specips Ipast adapted to tlw:-,e eoncli­

lions of competi1ion are cI'owded out hy those hetier adapted, 
'1'he l'eslllt is that in the lat(~r 81ages of a sneeessiol1 the total 
11llllllwr of species will again diminish, 'rhe number of spe­

eies which \\'ill 11ltimatp]y O('eIIPY a I,l'iven 1 l'ITitory 'will de­
pend IIpon the l1eg-ree of extrcmity of the environmental con­
ditions; the more extrpl1lc the eonditiom> the fewer will he the 

nnml'er of ~pceies ('apable of a(,(~olll()dating t]wmsehes to them. 
The 'l\~xas valle~'. a~ stated abovl', exhibits all stages of sncces­
Rion and hellee a richer flora 1han either or the blnff", '1'he 
faet that the toial J1l1mi>el' of 00 811c('ies foun(1 Oil the hlnffs of 
Oklahoma (item Ko, 10) as compared with lOG on the bluffs of 
'l'exas, is 1J0t 10 he eOIIRtrnec1, however, a~, dll inclieation that 
the vegetation on thp Oklahoma si(le has apfH'oael1ed any 

nearer or less llPar to a elima,x than has that on the Texas hluff'. 

Both bav<, long siwe rea('he(l 1he climax for the area, h11t the 
much more extreme l'onditiollFl obtaining on the Oklahoma side 
relitl'ict its ilIllflhihmt" to those relatively fewp[' plallt~ eapable 
(If a("eomod;ltin[( themselvp>g to 1h{'se roriditions, 

The R'iucr' VaZZl'llj SOllth of GoM IsZllIlId:-Of 1he rrmaining 
items most have io do with comparisons involviIlg' the ri\'c1' val­
ley '>OlIth of Goat IKlalld a'> compared with the varJO\l,> otTlel' 
areaR HIldl'r invpstigatioll. III explimation it may he "aid that 
ihe reaf;Oll fOl' c'hoos,ill!!: this 11articular nl'ca as a (,0l1l111011 hasis 

of comparison was because it had every appearance through­

Ollt most of its: extent of having virtnally reached the dill1ax 
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:lsf.oeiation. ~\ !!,lance al the '1'1'('(, map will reveal the virtual 

alJSence of all~' trees. thl'OugllOUi the area. A secondary high 
water challnel 0 [ the river sepal'ates thE' valley mainland fro111 
Coat Island 011 the north, the latter being nearly or quite com­

parahle in age to the cottonwood area of the Big Bend lying 

on the valley mainland to the west. As OIle (',roSSE'S this (,hau-

1lE'1 from Goat IsI:md sonthwm'd. he ('lleolllltcrsl a. penwndieulal' 

"caving bank" som(' 6 to 8 fed high, hal'" of which stretches 

11 series of old dune:'! bearing essentially ihe climax: mlsoriatio)) 
ofRoutelolla., R Itlbilis aud other perennial grasses. Lines of 
thE'SI~ old dlllJE"~ stl'eteb lJa(~k to 1hl' alillyial flood lilain amI 
slollf>h of Wild I-Tor,~r Creek. This flnod plaiH with lhe lijjO 

or secps at tllC foot of the hlllff .ili.~1 heyond to the south, gives 
D variety of soil Dnc1 moisture whiel, hreaks into the monotony 
of vegetation on the (11111('S allc1 ac1rls tn the totalnumher of spe­
ei('s urcl'edited to thi" area. Moreowr, thp chmes thE'l11~elves do 
not aplw<ll' to lH~, so sterile as those lyiJl[.( llHck of tllP Oklahoma 

. bluff,,; at :IUY ra.te thr vegpUition whiel1 thpy contain is :'lome­
what 1'irb('1'. .A COlllpfll'is.Oll of the lI111nbcr of plant slweics 
found on them-100 on the river vRlley !-lollth of GOH.t Island 

and ;;0 on .the' Ok]ahoHw hluff (items No. ~ and No, 10) will 
however. furnish an inadequatp hasi.s for mnnpRrison, sincp t.he 
100 YRlley plants include thosp· fOlll1(\ npon the flood plain of 
",Vild IIorlw Crepk RS well DS those upon th" vall(>y dunE'S. 

Valley South oj' Goat lRlal1(l Compared -With: 

(See P]a1p V. li'ig. 2) 

1. The Teras r((lIey (lot the Lon,vltl/de of t71e Boner Be!'iJlCl'Y 
(D8°:38'10") ;-Items 2 and :3 show lhat as regards Humher of 
,pccic" pr"""nt, the yalley south of Goa1 Island Dnc1 at the 
longitude of BOlleI' RC'fillPry are ahollt tlw same; hut item 13 
sho\\'>- that olll~' 68 dnplil'atcs of a I)()",:-:ililr ~J:) are actually real­
i/cd. 'fhi" is largely lJe~'ause the tn1llseet at the longitude of 
ill(' B()ll('l' Hp[inery extend:;; entirely (\(TO!'.f;, the cottOl1wooi\ 
savannah to the :-;alld flat oj' river fwd. In order to have the 

same exteJl~ion the trall"eet l'lm 011 the rive1' valley c;outh of 
noM I~lancl would hnve to traverse Goat Island also. Another 
reason for the low number of duplicates is to hI' found in tho 
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fact that the valley sOllth of Goat Island exhibits in Its Oldest 
portion I-:omewhat more achaJl(~ed successional stages than are to 
be found ill the ol(le~t portions of the valley at the Boner Re­
finery longitude. In otlie1' wOl'ds, the complete climax typical 
for thp vicinity has 1Jeen more clearly attained in the vicinity 
sonth of Goat Island than it has in that of thc BOller Refinery. 
As a mattel' of fact, there appea,rs to be abundant reason. statpd 
presrntl~', for believing that tlw valley south of Goat Island has 
as nearly attained the climax as it can be expected ever to at­
tain, so long as present dimatic conditiOlllR, obtain. It is so 
nearly stahle that any dmuges, at pre:'lent are imperceptible. 

~. The llal1ey Area Htnd·iedin Oklahoma :--Item No. 11 
shows that of a, pos,sib,lr' 81 duplicate speeieR (see items No.2 
alld l\o. 8) to br f01md in both the valley south of Goat Island 
and llpOll the! area studied ill 1 he valley on the Oklahoma side, 
,only 49 are realiz:ec1. '1'he area ,~tlldied in the Oklahoma. side of 
the valley pxteudec1 a(~rOSR a :-;trip of land varying in width 
from about 1000 feet to' ] 600 feet. A map introduced in evi' 
dence as United States and Oklahoma Exhibit No. 40 purported 
to show the meander line (north cut bank) of the river as of the 
dale' of 1875. All territory to the north of that. line would 
therefore be more than 46 years old at the time investigationR 
for 'l'pxas were made. The line, in the area stll,died, lay, at tllr 
time the studies were made, about 600 feet on an a veragc north 
of the present cut hank This left a stri]) about 000 to 1000 
feet "'ide at the foot of the Oklahoma bluff wh ieh was more 
thall 46 yean; old ill its youngest part, and' prc·sumably pro­
gressively older as one approached the foot of the hluff. Us­
ing' the increment of 600 feet in 46 years as a basis of ealcnla­
tion, thp land at the foot of the bluff would RPem to be ahont 
120 yean; old. This area was Rtudied with the same drgree of 

rarc as the' othm' areas investig'ated ~ therelore, the fact that or 
a pOFJ1siblr 81 dllplieatcs only 49 are realized, is a,lone strongly 
indicative of ronsiciel'ably greater age, on the part of the river 
valley Routh of Goat Islm1(l over that under consideration on 
the Oklahoma side.f1-'ul·ther·1Ilore, chpcking off the 49 dnplicatpR 
agaim;t the Vallry Nonth of Goat Island column in 'l'able II 
will show the rt'maining ,il plants in that ('olnmn to he mostly 
climax forms, Whpl'eaR the 49 clnplirates tire mostly representa-
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1ive of early seral s,tages.! Another consideratioJ] not to be 
overlooked in this connection is the fact that, so far as general 
appearance of the vegetation on the valley south of Goat bland 
js cOllcel'l1rd, the youlJgest portion next to the caving bank of 
the snhsiclia,ry challllel to the north has more nearly reached 
the elimax aspect typical of the adjacent upland prairie than 
any other portion of that area. This is indicated by the pres­
("nce here ill dominant form d Bulb'il~s d(]JGtylO!~rles" as rcvealed 
on the "isit ill September, 1922. We are thus faced with the 
propoilition that that portion of this a,rea which must a<'tually 
be the youngest shows the most. advanced slu,ccession, indicating 
that sufficient. time has elapsed since this portion o,f the valley 
wa'S formed to give the vegetation ample opportunity hoth to 
bn,ild the soil and, by successive invasion, and the resulting 
comprtition and elimination of species" virtually to reach the 
dimax chat'acteristic of the surrounding countey. Having al­
ready attained thi::; climax condition of equilibrium hefore the 
Il1vestigations were made, it is as impot;sible to tell how long 
since the condition "vat; reached as to tell the length of time 
lH'CeSI'aJ'Y to rcm'h it. It would seem certain, however, that no 
competent, unbiased ecologist eould go over the ground and 
comc to any other conolu8ion than that to assume its age as 
less than lOa years vvould be the height of absurdity. 

In connection with the area in the Oklahoma side of the 
valley it is interesting to note fl'om 1;i's,t XI the number and 
identity of the duplicate dominants to be. fonnd in both valleys 
and abo on one or the other of the bluffs. These plants are 
(1) Amb1-oH'ia psilostachya, (2) Andropogon hallii, (3) A. 
sacclw1'oides (var. tortcyunllS), (4) !lristida purpur'ea, (5) 
Eriochloa (lcur/.inata, (6) Eriogonnm sp., (7) Cenchrus panc1:­
jlm'lls, (8) IIeterothecai slubalXiUarris', (9) IIymenopaPP1ts sul­
phur'ells, and (10) Enlgrostis spp. All of these have seeds 
which arc espe('ially adaptcd to transportation; the second, 
third, sixth, eighth, ninth and tenth by ,,,ind, the fourth and 
~evel1th by animals, including man, the first and fifth by water. 
Tllis adaptation, conpled with the ability to become established 
upon He\\" ~oils and by sllccesE,flll ('om petition with all snbse-

'See also the list of Oklahoma bluff plants not duplicated in the 
Oklahoma Valley in the area studied. 
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qnent new-comers to remaill domillant members of the vegeta­
tion throuQhollt Sllceessivc stages <lull illlO tht' climax, emlSes 
all of them exeept ::\f'umber 1 to he found wide:'<prcad throllgh­
out much of the entire prairie region, from the desert plains 
and Edvyards Plateau on the weRt to tIlt' pine forests on tllP 
east, and extending south to the Gulf. Number onc is also 
widespread within the limitH described ahove.1 

H. T71e Oklahoma Blllff:-Item f\o. 12 Hhows that of a pos· 
sible 55 duplicateS' (see also items No. ~ Hnd No. 10) hetween 
the river valley south of Goa,t Island and the Oklahoma hluff 
46 are realized. The nine species 'which were found on the 
Oklahoma bluff not .in the valley so nth of Goat hland are: 
Enploc(1I convoZ,lllar:ea, C(daanov1:Zfai gigamtell" EH1'ytae1l1·a lexana, 
Chm111 wClSyce pet!alrO,id('((., Chlor~ls S]J']J'., ClJcZo,Voma 11 tr7·p li,(,1 : 1'ol·ia, 
1'1'080p1s glandnlosa, Monarda, sp., and Isopappus diu'nricatns. 
Of the'Se all ex(~ept EII~'yta,en1a lexana o(,,(~llr in some part of tIle 
"alley stnc1ied on the Tex,ts 1'iicle. Thongh Pl'osop'is, not having 
been €,1l(~oulJiel"cd in any of the valley tram'c.cts does not ap­
pear OIl any of thc lists of these tra118ects, it OC'ClHS in i he yalley 
betweCYl tIle Boner Refinel'Y and the Grandfield bl'idge. FJury­
ta.eni.a iH a member of the ear1'ot family, with a. herbaceous stem 
('oming from a thick 1lcrenn ial root. It is signiiicant that only 
this one plant found occurring on the Oklahoma bluff shonld 
not have been found alAo in the Texas valley. 'l'he startling sig­
nificance of this fact becomes more apparent when the Oklahoma 
hlnff is ('ompared with the adjacent Oklahoma valley. This 
comparison was not included in tl1e teAtimony offered in be-

'Dr. Cowles in rebuttal (R. p. 5371), trusting to his memory 
regarding an area below the Burkburnett bridge on the Oklahoma 
side which was shown Iby the 1875 meander line (north cut bank 
as of that date) to be 45 years old at the time of his investigation 
in 1919, named Eriogonum, Yucca, and Artemisia as climax forms 
",·hich he recalled as having seen dominant on that area. He argued 
that the presence of these three indieated the attainment of the 
climax within 45 years. In this connection it is interosting to note 
that cottonwood itself, one of the first pioneers, does not. reach its 
prime within 4(; years; and 26 of the dominants found south of 
Goat Island were not shovv'u to have appeared. From personal 
study of the area the writer is of the opinion that the minutest 
search will not reveal their presence ill dominant form in this area. 
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half of 'rexas in this ~mit; however, the following list of species 
found on the Oklahoma hluff but not upon the adjacent Okla­
homa valley in the area studied, ean easily be verified by reo 
fere'llce to the rcspeetive <'olnmns in Table IT: 

Acamptoclados sessilispicliS (Prairie spike-grass). 
Argemone alba (White prickly poppy). 

Asclepias sp. 
Euploca convolvulaceae. 

Boutelolla curtipendllla (Mesquite grass). 
Eurytaenia texan a (Wild carrot). 
Cebatha carolina (Moon seed; coral bead). 
Chamaecrista fasciculata (Partridge pea). 
Com melina sp. (Day flower). 
Eng elmannia pinna tifida. 
Gaura villosa CWild honeysuckle). 
Vitis sp. (Grape). 
Rumelia sp. (Gum elastic). 
Celtis sP. (Shrub) (Hack'berry). 
J'atropha stimulosa (Bull nettle). 
Nuttalia stricta. 
Prosopis glandulosa (Mesquite). 
Paronychia jamesii. 
Parosela lanata. 
Paspalulll stramineum. 
Prullus sp. (Wild plum). 
Polygala alba (Milkwort). 
Othake spachelatum. 
Xanthoxylum sp. (Prickly ash). 
Ptelea trifoliata (Hop treo; Whahoo). 

Artemisia fnifolia (Sage brush). 
Smilax bona-nox (Stretch berry) . 
Styllingia salicifolia (Prince's spurge). 
Syntherisma sang uinale (Crab grass). 
Isopappus divaricatus. 
Sideranthus 8p. 

Yucca tenuistyla (Bear-grass). 

Since there is 110 evidence whatever to support a eonjecture 
of allY thing bnt extrelTlll age for the land lying back of the 
Oklahoma bluff, speaking in term;;: of years, all the above listed 
speeics mmt he members of a climax whi.ch was reached thou­
sands of years ago. ~When it is considered that of the 55 spe­
cies found 011 the Oklahoma blnff, thirty-two have not yet been 
found established upon the Oklahoma valley in an area the old-
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est portion 01 which may be conservatively estimated to be 
more than one hundred years old, and that of this same fifty­
five climax forms only one has not been found established on 
the Texas valley in one or more of the arc as studied, the only 
logical conclusion to be drawn is that the 'l'exas valley in these 
areas is much older than the Oklahoma valley. 

4. The Texas Bluff :-Item No. 13 shows that of a possi­
ble 100 duplications upon the valley south of Goat Island 
and upon the 'f'exas bluff (ef. items 2 and 9) 73 are realized. 
This represents 73% of the possible total, as compared with 
60% of the possible total between the valley south of Goat 
Island :md the valley on the Oklahoma side, these percent­
ages lying at opposite extremes of the ecologic developmental 
history. \¥hen the Oklahoma bluff column is considered in 
connection (item No. 14) the number of duplicates betwE'en 
the Texas valley and both bluffs rises to 81, showing in the 
Texas valley only 19 plants found on neither of the bluffs. 
This is surprisingly few, considering the general difference 
in moisture content in the soil, the presence of salt spots in 
tho valley, the difference in exposure, and other purely 
edaphic features, regardless of the question of comparative 
or actual age. 

As already stated, item 15 shows that of a pos:;;ible 93 
duplicates (sec items 2 and 3) between the valley south of 
Goat Island and at the longitude of the refinery 68 are real­
ized. Reducing this to a percentage basis it is fonnel to be 
73.1 %-the same percentage as between the valley south of 
Goat Island and the Texas bluff. 

Item 16 shows nine plants occurring both upon the Texas 
hluff and in the valley at the longitude of thc refinery but 
not found in the valley south of Goat Island. '1'heir signifi­

cance lies in their indication of likeness between the flora 
of the valley at the refinery longitude and that of the Texas 
hluff. The fact that nine bluff plants are here found estab­
lisiJC(l on the valley floor but not found in thc association 
at the longitude of the Goat Tsland transect indicates an al­
mORt equal age between these two loealities. Upon its faee 
it wonld seem to indicate greater age for the valley at the 
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refinery; but if the duplicates between the Texas bluff and 
the valley SQuth 'Of GQat Island not found at the refinery 
lQngitude are counted they will be found to number 21, which 
shQWS that th(~ c'Ollclu~ion a hoye 'lnggested would be erroneQUs. 

5. Both BlH//s Combined:-ltem 17 shows the total num­
ber 'Of duplicates between the valley in '['exas and the tWQ 
bluffs (Texas and Oklahoma) to be 94. Checking the Okla­

homa bluff against the Texas bluff the former is found to con­
tain 9 plants not occurring' on the latter. Add these to Ule 
total of 106 oecUl'ring on the latter (item 9) anCi the number 
of duplicates possible between the Texas valley and the two 
bluffs eorner-; to 115. Dividing 94 hy Hi) the percentage of 
possible duplicates realized is 80.7. The 27 plants fQund in 
the whole study to he confined tQ wet or mQist soil constitut,? 
16.3% 'Of the total of 165. In general they are not properly 
considered as bluff plants sinm' if they are found there at 
all it will be ill seepy draws; hence they eonstitute a ma­
jority 'Of those plants reRponsible fnr a lack 'Of higher per­
centage of duplication between the valley and the two bluffs. 
In this connection it is also interesting to consider the 15 
plants found on one OJ' the other 'Of the bluffs bnt not in the 
valley in any locatiQn (item 20). 'l'hese are fonnd named in 
list VIII. Of these, ten were fonnd only in Permian red clay 
mixed with grave] 'On the Texas side ~ three were fonnd only 
in moist, shaded slopes of the '!'exas hluff, one (.Tohnson grass) 
yirlcled 'Only Olle specimen in the whole study thnugh it should 
presumably beco111e widespread ulllesR moisture conditions are 
too extreme, while one (wild earrot) has already heen men­
tioned as the only Oklahoma bluff plant not duplicated some­
where in the Texas valley. The only ones 'Of the above plants 
that are of importance in this study are the ten first men­
lioned. I,ist VIn i::; appended, as it here appears, 1,'0 show the 
accredited distribution of t11('se ten plants. Assuming the 
specific determinations of Laduca and Neptunia to be cor­
rect, all except. PhaclJ, eia,tio(;(f?'pa are more or less CQmmon 
plants about Austin, where they are fonnel in dry clayey situ­
ations, with 01' without a mixtllre of gravel. The fact tlJat 
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none oj' the tell WC1'C fOllnd npon the dunes lying ~Jack of the 
hluff 011 the Oklahoma side woull1 seem strongly to indicat8 
that they arc unahle to make their home ill, or become promi­
neut inhabitallts of dune situations. HelH:e in 8111 probabil­
ity, all ten of them may he expected pel'manently to remain 
cOllfined: to the Permian re(l day-graoVel henchcR of Hte TexaR 
bluff where they at IJl'esent OCCUl'. Cissus in.eisa,. 8tropho­
styles plt1teiflora, and AmpeZopsis lDay with confiden(~(~ be ex­
pected to remain confined to the moist shaded north s]iJpe of 
the Texas bluff. Johnson grass aud Phaea eZcd7'ocarpa thus 
a'r'c left the only two exclusive Texas bluff plants couc<l.'rning 
whose Rpread into the valley t.here may be some chmb·t. There 
are thus left 13 bluff plants each 01' which seems to cO>l1s-titnte 
a valid reason for a lade of dnplication ill th(~ valley, and 
leads again to thc conclusion that the vegetation in the valley 
is in its older POl'tiOllH stahle, and has as nearly reaehed thp 
typieal mixed prairie climax as can l'ea;;onably b~' <?xj,Ji'e{~ted 

'.of it. 

Hem 18 shows that of the 94 duplicates fonnd in the val­
ley on the Texas side and either on the Texas flLuff or the 
Oklahoma bluff fl~i have not yet migrated io H'le' vatley ill 
areas studied on the Oklahoma side. the oldest portions of 
which are more than 100 years old. Since, as sncl~essions 

proceed and after the peak 01' invasion has passed, th~ nearer 
the climax is approa(~hed the slower and more difficult in­
vasion by and establishment of new sppcies beeomes, the above 
fi gnres tl~stify strongly to the much greater age of the val­
'ley land on the Texas side than that on the Oklahoma side. 
The 25 duplicates hetween the two respective valleys not on 
either bluff (item 19) are composed of plants of high moist· 
ure requirelnellt; and the number appr'oaches stl'iki.lIg1y 11('a1' 

to 1 he l1um bel' 27 shown in item 24 as being reRt deted to 
moist soil in distribution. 

Dominance. 

Dominance, in the sense in which it waR us cd in the t.esti­
many in this case, is synonymous with prominence and 
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l11lmelal strength, 'l'hat is, those plants vvhich were eOHspicu­
ous h~! reason 01 size and number were rated as dominant, 
'1'11is is a lUllch bl'oader sense than that in which the term i" 
currently used by leadillg' eeologists ami except that the need 
of simplif~'ing the lallg lIuge of the testimony as much as possihle 
il1 sufficient to jllstify a eertain eonsidelable amount of inex-

actness, the more eXU('L teclmieal terms consociation, society. 
clan, associcR, cOllco(lie~, Rocies, colony, family, etc., denoting 
c1egrer of c1cminaucp awl successional relation (whether seral or 
r limax) shonl(l have heen added, The nse of these woulrl 
havp permitted greatPI' exactness in definitioll, hut sincp thpie 
use in 11umber in testimony to be considered pl'imarily by 
thosp entirely unfamiliar ""ilh eeology wouM tp[l<l towanl 
confusion of mind, it was thought best to nse as few technical 
terms as possiblr, IIen('C the list of dominant species fOlllld 
in 'rable III includes in the one group plants which in ac­
cordance with beRt ecologic'Ol uRage should perhaps beRt be 
sepal'ated into several climax and seral units, 

Dislrilmtion of D0111 'ilumts :-The criticism that distribution 
of dominants is also too roughly shown is qnite justifiable. 
As List XII shows, the vegetation of each successive flat in 
the valley is diiferent from that of the one either in front 
of 01' behind it, an<l this difference is mORt pl'onounced in 
the younger portions. What is true of the fiats is even more 
pronolilwed in the intel'vcning dnlles, except the firRt and 
second. Even here there is a conspicnous difference due to 
the disappearance of sppcies that were present on the fir'Rt 
d Hue, notably R'e uen:h onia and the particular species of 
ChaIllIlCS!fCe which wac; "ery promil1ent on the first dUllc but 
almost or quite gom~ from the second. 

The '[('xu.s V1alley (illd the Two Blll!t's:-ItemPo 21 <lud ::l2 
show 50;'; more duplication of dominant specics hetween the 
valley 011 the Texas side and one Ot' both blllffPo than hetween 
it and the yalley on the Oklahoma. side, Of the lattcr clllpli­
cates, 10 (.f. it.em 23 and list XI) are also fOlllL<l upon ODP 

or the other bluffs and hence al'e induded in the 27 dupli­
cates of item 21 and the 18 dnplicates of item 22 (cf. also 
Lists ]X and X), These ten plants, as already stated, be-
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cause of their excellent adaptation to seed dispersal are 
among the early pioneers into ncw soil, while at the same 
1 ime their abliity to eOll1pete successfully with all later ar­
rivals enables them to remain throughout all the seral stage/; 
and bccome prominent members of the climax association in 
this region.' Deducting the ten duplicates for the three 
regions from 27 and 18 we have respectively 17 an<l 8 between 
the 'l'exas valley and the bluffs and between the Texas and 
Oklahoma valleYfl; or almost 100% more of exclm;ive dupli­
cation of dominants between the Texas valley and one or 
uoth bluffs than between the Texas valley and the Oklahoma 
valley. 'l'hese eight latter duplicates are all members of the 
early sera1 stages of sllcccssion only, while the seventeen 
formcr are climax forms.2 

Signifieance of Dominants. 

The l'exas and Oklallom,a Sides of the 1Talley:-Reference 
to List X will show eight exclusive duplicate dominants be­
tween the two valleys. Of these Bacchal'is and Distichlis are 
found in saline flats; Calamovilf a and Populus are dune pio­
neers which at length become exterminated or subordinated in 
the older dunes becaufle of too kecn compctition on the part 
of subseq Llcnt arrivals; Ga.1(rn viUosn appears later (see List 
X I I: Third Dune) but still later also either succumbs to 
competition or at least loses its dominant position; Eleochnris 
and Lytllrn1n arc found only in very moist immature :flats 
while Phyla is characteristic of flats o'f considerably greatcr 
maturity. All, in their dominant expression, are confined to 
seral stages in "llcccssioll; none of them arc dominant p~ants 
in the elimax association. 

'I'llc Texas Valley and the 1~exas and Oklahoma Bl~(fls:­
Consulting the list of (unmarked) dominants duplicated upon 
the Tcxas valley and one or hoth bluffs but not on the Okla-

'A'mbrosio psilostachya only on old alluvial flats of other fine 
textured compact soil. 

'Stating it differently, the Oklahoma valley, in the area studied, 
contains a total of 10 climax dominants, as against 27 contained in 
the areas studied in the Texas valley. 
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homa valley (cf. List IX) will reveal to onc familiar with 
them that thcy are all elimax inhabitants, able successfully 
to compete both with each other and with the other plants 
of the climax association, under the rather extreme climatic 
conditions imposed by their environment. Their appearance 
as dominants upon either bluff is prima facie evidence of 
their adaptation to the extreme conditions which obtain in 
these situations. A comp31'ison of this list with List XII 
gives further enlightenment. It shows three of these domi­
nants. Ac:a.n~ptoclad()s, plum, and prickly ash, first to appear 
upon the third dUlle; onefiJragrost'is secnndiflom, upon thc pre­
ceding (third) flat. Whether the Parosela found upon the newly 
accreted land is the same aR that listed as a dominant upon 
the bluff' is not (~ertain from the comparison because the 
species name is omitted in List XI. Of the remaining 13 
exclusive dominants in Ust IX, not one was found to have 
appeared up to thc point where the tranRect which yiclded 
l.ist XII stopped; 1 hough this point was in territory whose 
Ilge it sremed abundantly justifiable to estimatr aR exceeding 
]50 years. 1 It seems highly significant that only five out of 
eighteen rxelusive duplica.te dominants listed should have ap­
peared upon land so old as that of the region in which this 
transect was discont.inued. If only five had even appeared 
in upward of 150 years, and if the establishment of new­
('ome1'S and their ascendency to dominance becom(>s more and 
more difficult, as the climax is approached, how old is lano 
upon which the entire eighteen havc become dominant and 
which has been shown abovc already to have approached as 
nearly to the shol't grass plainR climax as to' the local valley 
condit.ions will permit? '1'0 attempt to state such age in ex­
:let terms of years is as absurd as to conclude that it can be 
If'SS than 100 yearR. 

'The evidence upon which the estimate of the age of this particu­
lar locality was based is stated in the discussion of TimbeT Growth 
along Upper Red River. p. 124. 
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rl'imber Gl'ovvth Along Upper Reel River. 

Geneml Statem.ent :-In general, as already pointed ont 
timber is very sparse all along the Upper Red River. Be­
ginning below Denison the tl'ees begin to decrease in size, 
and to 1)e eonfilled more aud more to hroken and hilly sec­
tions of the country. This decrease is more and more notice­
ahle the farther one proceeds up the river till at and just be­
low the lOOth m.eridian even such an oak as Qner'cus breviloba, 
which is norIlJally a fair-sized tree along dry limestone hill­
sides of central Texas, heeomes nothing more than a knee­
high shrub. Aridity, both oE soil and of the atmosphere, 
conpled with the eomparntively high and constant win<hi con­
Rtitute the main factor;; in the extl'eme conditions which pre­
clude the growth of tim her. Exceptions to the general rule 
are to be found in moist draws, along creek channels, and 
along mo:-;t of the river course in situations where soil mois­
ture, at least, is abundant. Even ill slwh localities, however, 
trees are stllnted in appearance as compared with thoRe nor­
mal to more eastern forests. Not only arc the trees scrubby 
in size; they arc also very s(~attered in stand. With one 
exception no really dose or dense standR were seen anywhere 
along the whole upper comse of the river.l All other stands 
were decidedly of the open or savannah type in which trees 
are scattered over g'raRRlands. Since the climax for the region 
iR mixed prairie, it follows that trees must be relatively tran­
sitory and unimportant members of the earlier stages of SllC­

~ession only, ex(~ept in those favorable loeations of stream 

'A very unusual and striking example of a typical eastern forest 
occurs on Round Tim1bers R,anch in Hardeman County, where the 
Kansas City, Mexico and Orient Railroad crosses Red River. Huge 
trees of lofty height here occur in dense stand; the long straight 
boles of the cotton woods carrying their crowns so high as to over­
top the giant elms with which they are mixed. This remarkable 
~rowth of timber occupies an exceptionally favorable location at 
the foot of a very rocky hill, almos1 a blnff, probably more than 150 
feet higb which 11l'otects it from the prevailing south and south­
east winds, while at the same time the trees' roots are growing in 
rich alluvial soil laid. by a tributary stream and watered both 
by the stream and by numerous seeps from the foot of the bluff. 
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bank and moist (haw already described. Ther'e al'e no excep­
tions to this rille on the uplands: on the valley flool' there is 
an occasional elm which has suceeeded in becoming estab­
lished in what mnst be construed as late sncem;sional stages. 
'I'bese will be considered follo~wing a list of both the trees 
and shrubs encountered in these areas of the Big Bend and 
vieinity covered by these investigations. 

'Frees and Shrubs of the B1:g Bend Vicinity:-A complete 
Jist of the trers anc1 S1l1'11hs fOllnQ ill the area covered by 
the Big Bend investigatiolls compiled from Table II follows: 

Amorpha L. (li'alse indigo; Rover Jocnst). S.' 
F'raxinus lanceolat:a Borck (Ash) T! 
Baccharis salicin a T. & G. (Salt willOW) S. 
Cephalanthus oeeillent'alis L. (Button bush; Button willow) S. 
Populus deltoides Marsh (Cottonwood) T. 
Ulmns, sp. crassifolica ? (Elm) T. 
Celtis sp. occidentalis ? (Hackberry) TS. 
Prosopis glandnlosa Torr. (Mesquite) T. 
Hicoria pecan (Marsh) Britton (Pecan) T. 
Bumejia sp. (Gum Elastic) TS. 
Primus SP. (Plum) S. 
Xanthoxylum sp. ameri('anum? (Prickly ash) TS. 
Ptelea trifoliata L. (W'afer ash; hop tree ; ~Wahoo) S. 
Schmaltzia trilo'bata (Nutt.) Small (Dwarf sumac) S. 
Sapinctus drummondii (Hook) (,Vild china; Soap·berry) T. 
Salix luteosericea (Sandbar willow) S. 
Salix nigra Marsh (Black willow) T. 
Yucca ten uistyla 'fre1. (Real' grass) S. 

Of theRe, the only oneR whieh were found ill this a['ea to 
form groves were elm and pecan. Freqnently these were al­
most pure, hut not infrC'quently there was an admixture, 
especially of elm and pC'ean wii h each other and also with an 
occasional hackberry, gum-elastic, or ash. 

The Cottonwood Savannah :-Cottonwood forms by far the 
most extensive savannah, covering hnndreds of acres of both 
the younger duneR and thC' intervening flats with stands that 
l'B11ge from practically pure on the yonngest land to very 

'S. signifies shrub. 
'T. signifies tree. 
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slightly mixed in the older portions. To be specific, one 
hackberry about 8 01' !) inehes in diameter, and two pecans 
5-6 inches in diameter were foulld in the whole of the cotton­
wood savannah in t11(-> north portion of the Big Bend valley 
011 the Tcxas side. The lo(~ation of these and the extent of 
ilw cottonwood savannah are ind,icated on the tree map 
in pocket. In addition to these three representatives 
of two spe(-ies of trees, shrubs snch as sand bar willow 
appear on the younger dnnes and cling rather tenaciously to 
their plewe throllgh the earlier stages of succession; while 
plum and prickly ash begin to appeal' later. Both normally 
appeal' about the tiUle the last of the willows al e disappear­
ing; the prickly ash usually somewhat ahead of' the plum. 
Neither of these shrnbs was found upon the youngest duneR, 
the place of their first appearance along the transect which 
furnished data for List XII j)ping typical of their general suc­
cessional location as observed in all the developmental areaR 
studied. Once established, both prickly ash and plum hold 
to their places with the greatest tenacity ,and al'e to be found 
extending well into the elimax: the former as all ocmtsional 
dwarf shrub, the latter forming rather decided thickets. This 
coneilldes the enumeration of ooth tree and shrub impul'itie'l 
as found in this particular cottonwood savannah, 'which i~ 

typical of all others ohserved throughout thp extent of the 
investigation. It shows how rpmarka bly near the stands of 
cottonwood come to absolute purity. The total absence of 
elm and the near absence of pecan from the cottonwood area 
will be taken lip presentlJ:' in connection with fmther consicl­
cration of detailed distribution of these two species. 

Conditio'YIs for O'l'owth of Cottonwood:~The ,generally un­
healthy condition of pra,ctically all except the youngest of the 
l:ottomvood treps wherever found upon the valley floor, the rep­
resentative appearance of which is shown by the repl'o'dnced 
photographs in Plate VI, OeHl'S testimony of the unhealthful­
ness of the environment for that species. Jnst what the causa­
tive factors in this ('ondition are was not determined with any 
degree of certainty. It fieems likely, howpvpr. that great fluc­
tuation in the h('i~ht of tlw water tahle, which normally varies 
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I:levcl'al feet during a twelve monthr-; period, may be thr ('hid 
fa(~tol': now, rising so high as to damage 01' kill the lower root" 
by drowning, now falling so low as to leave the upper layers of 
soil too (1ry to furnish sufficient wah'r for the inadequatr root 
sY8telll ",hidl they cOl1tain, Another probable cau:.;c is the low 
humidit~, of the ail' and the prevailing 'strong winds. If a 
sudden fall in the water table from a peak to near the minimum 
were to occur simultaneously with a strong' hot north-wind of 
the t~'pp wllich ill a few days will destroy the crops in this se('­
tion, the result could hardly be expected to be withont disas­
trous effect upon the (wttonwoods. Albllinity may also playa 
part in the situation: competitioll l111c1ollbtediy doe:.;. Then' 
may he otheL' factors, unsuspected, which arp more potent than 
any of the above, \Yhatevel' the cansc there can bp no qllPstion 
as to the result,: the environment is gPllel'ally llnhealthful for 
cottonwood, so that a dense ~tand of seedlings is in the first few 
.real'S so depIcted that it be~ollws a n open one,and thus remains 
till the final elimination of this specieR from the vegetation of 
an area wl1irh orig'inally carried a dense pure stand of sepdlingR. 
As a stalHl beromes open, howeve'r, ana other seeds arc scattered 
nvrl' the area, Hew Reedlings apprar dnring favorable ReaSOIlS, 
F'O tbat t11el'e is a variet,v of age represented from the oldest 
down to seedlingR of ilw ('n1'rr11t year, Of course during llll­

faY()l'il llIe <;eason<; <;l1ch seedling's nUl,,>, not appear, so that a com­
pll'tp range of ages one year apart is not to be cxpeeted; but 
that ill !!ellel'ai there is ~uc('essfnl rffort 011 the part of the cot­
tmm Ooa during the earlier ~tag'es of suc(·ess.ioll 10 perpetuate 
its ~jal](l hy the continuolls produetion of offspring as ahovc 
statec1, ther(, is an ahundance of cvidcnre to prove. 

Tltr ('ottomvood is ahle to Reed ih area ir,,, and less (' ffirient­
J~', the demc1' be('omeR the herlJa('Pons plant covering', c'IpcC'ially 
gra~~es, I"hich ral'pets the grollllcl heneath, catching and hold­
ing 11w tiuy woolly C'ottonwood see(1s so that they may not rraeh 
i he fiO;], 1'lw most critiral point connected with the e-ta bli~h 
ml'nt and maintenance of the cottOllwood Rtage in sll(~essiol1 is 
thns the period of gPJ'mination, which coincides with the period 
of ~llrdtlillg 01 the seed. Tf the sped ran reach moist "nil whrn 
shed, the)' will g!'rmiuatc and e,tHhli~h them~elvrs as seedlings; 
(lllwl'1visr J:ptahI~<,hn1Pn,j hecomes imp\)!'sihle. The inevitable 
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rewlt 1" that :"0 "o(m as the hE'l'ha::eons carpet gets sufficielltly 
dense to ('atch all the seeds, no morc seedlings will appear . 
. \£ter that it is only a qnestion of time till the last of thoRe 
already presellt \Yill yirld to the stronger eompetitiOll of otheJ' 
Rpeeies hettcr adapted to the emVil'Ollment and the cottonwood 
sne('cssion will, on that area, llisappeur. But it mnst he horne 
ill mind that aR new salldbars are thrown np agajll'it all exi:;;t.­
illg "bank" thus openillg np a new area for plant colonization, 
('ottollwood will he one of the first pioneers to be rome estalllish­
I,d npon i1, so that as lIw ri vel' hnilds its hanks outwarc] hy ae­
f'J'etion, the ('Ott011wood area progTesRes lonrard, 'rhe initial 
~tand of qeedliTl!!'R upon a Rand bar therefore represellts the ad' 
vauce gnard, tlw las1 one to yield hy death to the advanc.ing 
grass lam] il1<' rem guard of th(' rottonwood army, Ujl0n the 
tree map the advmwe £(llard is at the "cut bank" of the B1ig 
Bend apex, the rear gnard at the southernmost ('xtremity of the 
area 

T11C !][illilJl/I/J1 .L1g1' o( the Oldest Portions of the Cottollwood 
SI11Jannah :-Whil<' no atlempt was marle ill the testilllony of­
fered as a re~nH of Ulf'se iuvec;tigntiOllfl to :state the len~th of 
timp required for the variOIlSI stages of sllcepssion to pass from 
iuitial to rlimax, all effort was made to estimate the prohable 
minimum time elap;;;illg between the initiation and pnd of the 

cotlo11w()o(l ~tag\" This estimate, ~'ase<1 11p0J1 thc ('ollClitions 
outline(1 ahoye as ohtaining in the cottonwood area of the Big 
Brllct, helieved to he, ('OJli'Wrvative al1d wE'll founde(] llpon ade­
qnnte [lo~itivc data is here repeHted as follows: '1'he loeation of 
t1'('C sample ~o. 7 will he fonnd shown Uylon thp t1'pe map at 
Lat. :3-!°OW20" Lm]£!, DU' :38':17". 'l'his sample, a l'vlng tree in 
normal health, eut in the preSPllce of hoth Unltpo Rtatec;, Okla­

homa a11(] r['exas representativE'fl, was offered in evidence by 
1 he Uni1 cd ;;Hatc"i and Oklahoma, all witn('sses COl1clll'1'lng' in 

thl" estimate of its age as being 7S years at stllmp height. rro· 
pOQl'(lphieally, its ttnmp il'; loeated at the lo'Wpst point on that 
11]('1'i<li(111 Iwtwei'll hy() dnm's which ari' tied tOQ'ptllPl' im:t 

to thr west. -Within a hnndrPd feet the,re werp three or four 

other tree's similar in appearance, Iml perhaps "lightly younger, 
I n rver." directiol1, and within a radin<; of :)00 to 400 [1. there 

was an a Imndanre of younger trees, grad ing downward in agf', 
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some being seedlings of the Pl'('Vi01l8 year. rr'hel'l~ seem:.; no 

reason, visible on the gl'Ollllcl, for :l<;8uming that sample ]\10. 7 
neccssarily repl'esented the first stand of eoitomrood to appear 

011 this lo('nlizrd portion of tlw area, nol' eel'tainly to a~~ume 
ilwt the younge~t seedlings l'epl'e,eul tllP last 8tan<1 that will 

a p]lea1'; thrrrfol'8I hoth assl1mptiom; would fieem highl~' conser" 

V:11 ive, It 8('elllH reasonable also to a~snme that of a great many 

seedlillgs ~It lrast a few, lJal'l'illg any wholesale desil'uetion duo 
10 dislllJ'hallces of a catastrophic lwtl1l'e, lllay he expel-ted to 
1'ca:'[' thr a!!,e and appcarance of the group from among whieh 

sample No.7 "\\'AS taken. UjJOll these eons.rl'VAtive Assl1mptivns 
the cottonwood haR b(Wll all ocellpant of thiN particular lo('ality 

for at h~~lst 75 year::;; aJ1d it ,may 1)(' expcetc(l, Lllldrr normal 

pl'ogressi ve vegetational eha ng<,s, to remaill an occupant at 

least anothcr 75 years oj' until the last of the present staIHl of 
seedlings, having' lived to attain 1101111a1 age of the oldest trees 

of tlle vieinity, has SllCf'l1mbed to sl1pe1'iOl' competition of othel' 

sJ!(' .. i('~. '('hm the 7f) years whi(']l it ha~ 1111qnestiollahly already 

IJeell all O(:cllpBnl, addecI to the 75 yCal'S whieh it scorns en1 il'ely 

reasonable to predicl that i1 will continue to he an occ11pan1., 

will make FlO year~ 1lte minilllllm lellgth of Lime whi('h wlll he 
1 cq II i I'('el for 11l(' C'oiiollw()()(l }-,ta Q(' to he in it intrd, run its ('0111',8 

~m(l (lisappeal' in the RllC'cessi01wl histc",y of vegdation in thc 

Big nend nn(ler conclitiom: as tIIP)' h;lve existc(l in the im­

mediate gcologiC' past, exist :it pref'ellt, and may he expeded 

to ('olltinnr to exikt in the imllle(li<ltr geologie fuillre, 
Conuparati1!(; Aye of Jirc({s not Bwrll1[J (!oitulIwood :-Since 

('ottonwooc1 is a C'(1nsi~i eHt featllre 0 f nIl .'~ou ng ,.,oi1 l hroll!!;hout 

the "\1 holc Upper HiveI' l'('giOll, it follows that the eom[lfll'~ltive 

fI!:!e of all,V 10rali7,ed nrea not hearing ('oitollwooc1 call as a 1'111c 
he estimated fl'om its proximity to the npareRt cottonwood 

SaV1IJ1lHlh. rtR flQ'C val'ies c1ireeily 'II itll its clisiallee hom 1.hp 
rcar gual'd of Ruch fiavHnnah, the line where ihe rear guard 

di;;apjWl'S hayin!!, (l lllinimnm age of' at least one hllndl'ecl fifty 

,Vp;n's. '("1'0 exceptiom: p1'8RPnt thclllselves He:: [lopsibilities: the 
first (,Ollsis1ing of yonng l<md with 110 ('ottoIlw(Jocl, which it it 
()(,Cllrs :1t all mllst be very rarc; the serond ('om:isting of areas 
ill whieh the prairie elimax exiends elltirely to the ent hank 
(mmally in cueh a caqe also a eaving hank,) wholly eliminating 
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the fringH of' cotton-wood which normally lines this bank w 11er­
ever' accretion is taking place, In the first of these cxceptional 
ca:-;cs the comparative agc of the land may be cstimated by eal'W 

fully mapping thc ('olllpo:;;iton of its herbaceous covering and 
rnatchillg the map with an area sneh as that in the lon~ :tt1(1p of 
',he appex of the Big Bend, a trallsect ,)('rOS8 which will reveal 
all :lges in unbroken series from the YOllnges,t to the dimax. 
The lo("ality which, along such a transect, slLOvvs a vegetable 
ccovel'illg most llearly coincidellt with that UPOll the map, oh­
viollsly will have a eorrespo11(litlg ~imilaT'ity of age. In the sec­
ond exceptiolJal case, obviously the only way confidelltly to de­
termine the age of the area woul(l be either to map the area 
as, above snggested, 01' to follow it laterally up or down "tream 
till an area of unbroken series of successional stages is reached, 
and then make an e'ltimate from the nearness of the area 111 

"Jllc::,tion to the rear guard of the cottonwood savannah. 

Timbcr Ol'Owth Other Than Cottollwood 

Timbpr growth, other than cottonwood ccrtaillly bears no 
significant relation tn the age of the soil upon which it OCC'Ul'S. 

)\81 indicated above, it never follows eottoJlwooc1 in those pOl" 

iions of the Big Belld wltieh m'e destined to become typical 
mixccl prairie climax. Every sneeies which in the older por­
tions of the valley atiaills i ['ee size is, in its tree growth-form, 
ronfined almost ex(:Jusivcly to the allllvial flood plains of tl'i­
hutnry "treams, snperimpose(l llpOll the valley floor and water 
ed from the slough-lib· rh:ml1els of tlwse trihntary streams. 
S1Ieh areas seem dpstined for a long 'time to come to he eovered 
with parklike growths of timlwf'. Rarely a pecan, as for ex­
ample sample No. ti, or elm, sample No. 2-1 (see reproduced to­
pographic map in pocket for location) will he found standing 

well out on the prairie, constitllting an exception to the rule; 
hl11, these exceptiom: are very rare indeed. IT ackbelTY and 
pl'icidy ash occur sparsply on the olrt c1nnes in the' valley, hilt 
in 8u(;h locations they have the shrub growth·form. All inspec­
tion of tlw tree map will yeveal the l major distrihution of tim­
ber. The line of timlm' alollg ihe blnff is pl'incipalJy elm and 
p8'.'an. An occasional wild china, hackberry, cotionwood, or 
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oib cr tl'ee nnt sufficiently numerous to give chal'aeier to the 
group was ignored in the lllap legPlHl. All of these occur 
spa,l'sely ill the peean-elm mixture, An interesting' group oc­
cur's just sout.h of parallel 34°9'0" and principally east of 
l\Ier. 88°37'30". 'L'he stand is cornparati vely dose, and iK com­
posed of hackberry, elm, gum elastic, pecan and, at 1he western 

extrcmity. a rew lelict cottOllwooc1s. The copse-lik(~ appear­
ance of the g'l'onp constitutes a landscape featme which is 
noticeable from a considerable distance across the otherwise 
prairie vegetat.ion, A glance at. the topographic features re­
veals at once an abundance of soil water' essential to the 
eon tinned exit-;tence of t.irnlwr in this vicinity and the rough 
and broken surface which fa(~ilitates the initiation and per­
petuati on of a fltand of trpPR. Aside from this grollp and 
those on the flood plain of vViltl Horse Creek, the whole 
Big Ben<l area Routh of the cottonwood savannah (or the 
cnt. lJank ill those sit nations so far advanced as entirely 
to have el iminated the (;ottomvood sllccession) is, as stated 
in previous paragraphs, t.o all appearance practically elimax 
prairie in composition clear up to the foot of the line 01 
bltlffs. Such shrubs oj' hackberry, prickly ash, etc., as are 
to he fonnd associated with the climax herbaceons y1ants of 
tll(' valley are also commonly found exhibiting the flame ~'J'olVth 

form both on the 'rexas bluff" and on the dunes lying haek 01 
t.he Oklahoma bluff. 

Ju~t :'1-] it. would he manifestly absurd to attempt to llse t;le 
age of the oldest t.rce one might find in a foreR~ed llrf':J as a 
depelld::tl)]e ('l"irprion for jndging the maximum nge of the land 
npoll which it grows, so is it also absurd to do tlle ,.arne thing 
in any area which is covered with all ages 01 tirdJcl', [,nel whif'h 
may be expected to cOlltinue io support sllch timber growth 
incici'illitely. Such are all the timbered areas along the vaIley 
of the Hed River, in the Big Bend and elsewhere, both as re­
gards cottonwood anet as r('gards n11 other timber. To measure 
the maximnm age of the Roil upon whi(~h a forest grows by that 
of the oldest tree to be fonnd llpon it is only !'lEghtly removed 
in dC'!!,'l'ce of abs1U(lity from estimatin\; the age of soil which 
berns prairie by 1 hat of aUlInal plant" contained in the asso-
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eiation. That the aetna 1 age of allY pOl,tiOll of the valley land 
is lIlnch less than that of the bluffs goes without saying; but 
it C:lllllot 1)e (~ol1C"lus'ydy shown, nor even indicated, by an analy­
sis and comparison of the r limax cOYering which each sup· 
1>01't8. M1l(~h less is there a ye"fge of evidence to indicate that 
any except the youngcst outer portions in certain areas like iJwt 
occlIpipd hy the cottonwood savanllah of the Big Bend, are less 
tho11 onc hundred years old. 

2\lillimnm Age of Bi~ Bellc1 J\s Shown l)y 'free Samples 

VV-hilc, as stated Pl'eViOlifily, t]H' as'mmptioll of (~Oillciclen(Je of 
ml1ximlltll tree ag;e and l11(lximum aue of soil ~which hean; them 
is llTIRllpportpcl by evidence in the Dig Bend valley, there (Jan 
be 110 question as to the age of mw 0 f tlw native trees detcr­
milling the minimum age ()f the soil which bears them. There· 
fore the list which follows constitutes' the record of (~on VillCiJlg 
eyic1cnee that much of the valley ~,till bearing' trees, is of all age 
greater thau 100 years. '1'l1e late da.te of cutting these tnes 1'e­
sultpd from the (liffienHy expcrieneec1 hy attorneys for the 
defclJ(lallt ill gettillg i he pellll iSflio)) of the federal receiver to 
cut them. By ag]'ecmelli representatives or hath fli(j(,s were 
either preslCllt at the rntting, 01' wel'(' fnrn ishecl clnpli('a1 (' ~mn· 
pIes of spP('imens (jUt. The firs1 fifteen fmmples were intro­
dnced hy :vTr. L. J-I. ,TaneR, ecologist., t.estifying for tlle United 
States and Oklahoma. at Oklahoma City; the others ex­
cept the last three, by the writer at Austin, Texas. Kum­
bel'S ], :J, 6, 10, ] 1, 12, 15, 17, 18, 2L} and 25 each being 
olle hllllC1r('d yeal'~ old oj' older' were all wen sca.tte,rcc1 over the 
10111 fare of the vaHey, thus establishing beyond (Jontl'oversy 
the minimum age of a greater part of it as exceeding one hlll1-

drec1 years, 
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US'l' OF 'I'Rlll~ SAMrLES eU'l' 0:-1 RED RIVER BY UNITED S'l'A'J'ES, OKLAHOMA 
AND 'l'EXAS RI\PRESENTA'I'TVI\:,i 1\1 H121. '['HE NUMBER, KIND, LOUA· 

'1'10-'1 ON '{'EXAS :VIAI' EXHIIlFl'K, AliE O~" I'~ACH WT~.'H DIAME'I'ER 
IN INCHES, 'l'OGE'JHJ(l~ Wl'l'H DA'l"Jo: ON WHICH EACH 

WM, CU'l' ARE GlVEN. 

Kind. 

1 F:llll ___________ _ 
~ Hackbcl'lY _ .. __ _ 
3 Elm ___________ . ________ .. ___ _ 
4 Elm (deadl ___ . ___ .. ________ _ 
fi Cot tOllwoorl (dcad) ________ _ 
{j Pecan ______________ _ 
70otton'\Yoon __ . _____________ _ 
8 F.ITll ________________________ _ 
n jl:JIn ________________________ _ 

10 Elm (deadl ____ .. ____ _ 
11 Elm (dcarl) ________________ _ 
12 Elm _________ _ 
13 A,h .. ___________ _ 
14 Cotton\\oad _______________ _ 
15 "RIm (flvingL ______________ _ 
]0 Elm __________________ . _____ _ 

17 Chittim __ .... _. ____ _ 
18 Elm ________________________ _ 

]'1 Plicldy UBl1 
20 Cottonwoo(l 
21 Cottonwood _ 
22 Cottonwood _______________ _ 
230ottonwood _______________ _ 
24 Elm _______ .... -- ------------

~~ ~g~~ ==========-===~==========! 27 Cottonwood _______________ _ 
2~ Oottonwood _______________ _ 
29 Pecan ______________________ _ 
30 Elm ________________________ _ 
31 Elm _______________________ _ 

Location. I 
--------.---. Age in 

Latitude. Longitud{). i years. 

Diame­
ter III 

inches. 
Date cut. 

Rl-OS-32 .. J 
:H-OS-81.5 
0f-08-18 
:;-1-08-2-1 
x.-t-OS-62 
;14-0R-;)") 
:l-J-09-20 
0-!-0~- \(I 
:1 HW--!() 
:;1-08·20 
.11-08-21 
34-08·::1 

~ot ]orairll 
;~.l-08- ")6 
?'4-08-~~. Ii I 
3-1-08-38 
3-l-08-5G 
r ~-08-)() 
3+--08-")8 
.ll-0Q-20 
,~-l-09-j3 
3-l-0<)-,~j 

D8-86-0H 
OS-:16-IY2 
D&-30-00.5 
08--.3:5-:)8 
08-:16-40 
08-3,-]1', 
'$-:18-07 
'l8- '8-,1 
08-3&-4'i' 
%·31>-09 
O&- 1J-16 
08-33"' •. 1 

"fol.]Of'atl'd 
08-3,--14 
08-37-2', 
!)&-3&-32 
08-37-] 7 
08-:17-17.. " 
'18-:17-]7 
08-37-26 
08-38-13 
D8-.18-[0 

34-09--./1 HR-38-J J 
34-08 :if) ()8-.~:O;- ~q 

04-08-3,j ~"r37-00 
:i ~-OS- :N fJ8-;;r)-()() 
3 H18-08 0&-34-17 
34-00-05 98-3-1-] 6.3 
~loulh Gillwrl C, erk 
MOllth rtllll('rt. Cleek 

Hound 'l'iml>els Ranch 

I 

118 30:Aug. 22, 1')21 
~4 20-21.5 Aug . 22. 1')11 
631 2~ .\ug. "2, 1921 
qO ________ ;Allg. 22, l{J~l 

100 '- 53 :Aug .. '!::l, JU21 
17, 33 i<~llg.~~,19:1 
7, 22IAng-. 21, 19".1 
of) 17 AIl~.2l-,1()~1 
Of) 22 Aug. 24, 10~1 

130 28 Aug. ~4, 1921 
10:, 21l.5

1

<\ng . 2;, ]021 
141 37 Aug. ~'i. I1nl 

gq ?lJ.5 .'\ng. 2'1, ]()21 
7'; 24. 'IAlig. 27, HJ21 

]02 24 ~ept. 1, 1921 
112 29 Sept.],] 'l"21 
10!i 23 R€1lt.], 1lJ"21 
llR 25 Sept. 1, 10)21 

35-10 8.5 Sept. [, ID21 
45 80 Sept.], [g~1 
23 13.5 Rept. 1, 1921 
n 1~ 81'1'[;. 1, ]'121 
24 17 Sept. 1, [921 

108, 27 Sept. I, Ig'l 
10i 23 SPJlt. J1, 10)21 
FiE 80 Sept.l1, 1921 

9'1 37 Scpt. 27, ] ~21 
]3 5.3 Rl'pt. 27, l' 21 

J4J 32 
qR 29 

158 27 _. _____ • _____ _ 



TABLE II. 

LIST OF PLANTS BY BOTH COIlDION AND SCIENTIFIC KA~IB TO SHOW GENERAL DISTRIBUTION OF EACH PLAKT 

I ~,,; t.1 ii! ;C; 
o;:j ~ I ~ ;:l 

! OC'~ !=: ....... 
K.UiE OF PLAKT "" i»if i»", ~~ ,." flO ~ " I ",,;:: ~~ ;:: c ~ S ~ " 

Sc'entific. Common. ~ C\S ~ > ~ ~v ~.§ ~ Z 
~ ::~II ""u;. ..... ~ If.J. ...... 

2 ,.~ 0 .~ ~ .~ ~ I .~ 3 ~ ~ 
'3 I ~ ~ :c; p:; ~--=-_ 

ACa111ptoclao03 Re~8i1isI)jC'US (Buckl.) }lasb _________________ Prairie E-PIke' gra<::s___ --1----- --- ---I -1-
:H~l{£!i:~I!ss~~~:ei~~~~~=:i~========== ========================= ~;i~leeJ~;~;lo-~~~~;~~~~~\-~~rl=~~~~;~~~~~~~ ~~~~~~~~= ~~~~- - - ====== ~~=~:, --=--
AnHnanth~lS blltoides S _ Wat~ ______________________________ Pigi'€E'd or carrIes" vieed______________________ ______ _ __________ _ 
Arn;uFlDthus rctrofiexl1s I.. ('?) ______________________________ Plgi\eec1 or careless l\ccd______________________ ______ ______ ______ ; ___________ _ 
Amhro.;;ia aptpra DC __ _ ~ _____________________________________ GIant 1 ag'" eed ________________ ________________ ______ _ _____ - ____ _ 

:~~ ~~~~iaa f~;~~~~~~l1~a. _ ~ ~~ ~~~~~~~~~~~~~~~~~~~~:~~ ~~~~~==~=== ~.1~1~;1 _P~l_~~~~~:_~'_~~~'_~~~============ ====== ===== i --- ---
Annlopogon halliI 1-TaeK ____________________ -' ________________ Bearrt grass __________________________________ _ 
Anriropogon saccharoides yaT, torreyanus('st) Hack. _____ ~eaTd ~las.s __________________________________ _ 

!lll~;~r~lf;~t~~DC)T>cl~~~~-~::~~;;lf~~;~;::~:;~~~"-~:;:::-~~:~~I:{~::{: .I: ;_;1_- ••• ::::: ::::~: 
Boutelolla curtipenrlula (l\Iichx.) Torr. ____________________ lIks CjUlte grass ------- ------- _ ----- -------- ------ - 1-
~f;~:;ll~l~li~a hi~~~~j~taL~; .;;1~~=================================~·~~rfl1;iL(~U~~i~~S -==========================~====- --=-- --=-- --=---- ------ ------1------
('e]'halant)lu~ occitlelltall s L. ________________________________ Buttonbu,l1. Hutton" llloll' __________________ . ----- ------ --- ___ 1_ ---- ------ -----_ 
Calamovilfa gigantea 1:'- & J\l. ______________________________ Dune Grass ----------------------- ----- ------ - '1------ - - -i -
Carrlio-:permU1TI ~p- ____ ~ ____________________________________ Balloon VIne ----------- --- ------------------ ------ ------1------1- I ---- --- -
Dlstir-hlis spicata (L.) G-reenc ________________________________ Spike grass ____________________________________ - - - ______ - ___________ _ 
Lmytaema texana' T. & G. _________________________________ WIld carrot ____________________________________ 1 ______ . ___________ --____ ,______ - -





;rABLF II-Continued. 

LIS',' OF PL\:\"'l'S Bl:" BOTH COMll1oN' AX)) :,;CIEl\:TIFIC ~A:lm TO SHO,\' GENERAL DISTRIBU'l'TON orc ~,ACH PLAXT 

NAME OF PL.~)lT 

S~ientific. Common. 



~Th~~:~~~ij~i;~:i'i~,""-;-io:.___.-:-:----•• _~wif~~~:i-------_: •••• I •• ~:::--~ •• ; -~--I.=-! •• ~ •• I-· -=_1:.;:: 
~:~Z~e:t;~hi~nl;~'~W(~p;~n~~} G:B~~l-t-l~-=====~==~~====-~===~=======~~~: = ====================================.===== ;--=-- I --=-- ====== I 1'-
Pmthe-nOL'1,C[':l1S qumqulfolla (L ) PlflllCh. ___________________ VnglJJHi creeper -- --------------------------- ---- ------ ------ ______ 1 --~~--
A mpc'lOJ)"ls ('orr1 a ta .Ml(hx. __________________________________ X 0 He _ --- _ ----- -- --- -------- ------ -- ---- ________ -- -- __ ---- __ -- --- 1_ -- --- 1 _____ _ 

lI111~~i~g~;\:·~"'···:·!:i!I~~~i:!11~~:~.~~iiilil:ll-ii~~l.~!::: ~:::,=:i:::·· (.!-~ 
Po]ygoTlum sp. ______________________________________________ Knot-'II€€d _ _._______ _________________________ _ 1 i--~--1I----= _I===~==il 
Othake sphafdatum C\utt.l Rydb ___________________ . _____ Konc _ ----------------------.------------------ ------! I - ---. ------ - I 

xR:~a~t;lIb~:., ~(l~rlllO~~lll;,a, tl~,:nP ,,' I
r
· 'I ~i(~,'~ule,l;,') =)= =D~ ~.= =J)~=O=l-,= -_=_~-_=_=~_ ~-_= -_= -_=_=-_= =-_= -_=_=_-_-_~ = -_=_:~_- ~_-C~O~.~, ~,= t~re,:\\·~e~r ~i;,;~,=~ ~= == == == == == = -_~ _=-_: =_=_=- == __ =_=_:_= ==_-_= ,_=_=_=_=_=:! _ __ __ ; --== --, = == == = = == == = 1- -==- -1--== --

Rudl ~ck a birta L .~--~~---~~------- _____________ =_= _____ = ____ Co~~ rl0\\ 81' = ================== ---=--~=----- = __ 1 ____ - - I_-_-~ __ ~_-_-!,'-_= -_==_=_- -_~=_-, ==--====1=---· -_=-== :==~--
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TABLF. III-Cnntinued. 

PI AXT RPT'rTT'S D(}~llXAN'l' IN LOCAU'fTF.S STUDIED. 

Kame of Plnnt. 
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LIST 1. 

PLANTS FOUND IN RIVER VALLl<JY SOUTH OF GOAT ISLAND 
AND ALSO IN RIVER VALLEY IN OKLAHOMA. 

Acuan illinoensis (L.) Kuntze. 
Amaranthus graecizans L. 
Amaranthus blitoicles S. Wats. 
Am bl'osia aptera DC. 
Ambrosia psilostachya DC). 
Anclropogon saccharoicles (Hack.). 
Anelropogon hallii ,Hack. 
Aphanostephus skirrobasis (DC.) Trel. 
Aristicla purpurea Nutt. 
Baccharis salicin a '1'. & G. 
Glycyrrhiza le])iclota Pursh. 
Distichlis spicata (L.) Greene. 
C)cnchrus paucifiorns Benth. 
Chamaesyce prostrata. 
Populus eleItoieles Marsh. 
Croton texensis (KL.) Muell. Arg. 
Cyperns 8pp. 
Dichrophyllum mal'ginatnm (Pursh.) Kl. & Garcke. 
Eleochflris spp. 
Ulmus crassifolia Nutt. 
Eragrostis spp. 
FJriogonull1 annuum Nutt. 
Eustoma rnssellianum (H) Griseb. 
Fuirena hispicla Ell. 
Ga llra parvifiora Dougl. 
Stenosiphon linifolium (Nutt) Grit. 
Gutierrezia juncea Green. 
Helianthus petiolaris Nutt. 
Heterotheca snbaxillaris (LAm.) Br. & Rus. 
Hymenojlappns sllll)hurens Ryclb. 
Incligofera leptosepala Nutt. 
Tva ciliato Willel. 
Lythrum lanceolatull1 Ell. 
Meriolix clruml110ndiana (Spach.) Small. 
Dithyrea wislezeni Eng. 
Rainmallllia rhon'bipetala (Nutt) Ros. 
Panicllm spp. 
Persi(~aria lapathafolia (L.) S. F. Gray. 
Petalostemon spp. 
Phyla cuneifolia T. & G. 
Pla.ntago sp. 
Salsola pestifer A. Nels. 
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Samolus cuncatus small. 
Solanum eleagnifolium Cay. 
Vernonia interior Small. 
Salix luteosericoa Rydb. 
Xanthium sp. 
Eriochloa acuminata Kunth. 
Engelmannia pinnatifida '1'. & O. 
Pecan (Hicoria pecan). 

LIST II. 

'fOTAL 50. 

PLANTS FOUND BOTH IN RIVER VALLEY SOU'l'H OF GOAT 
ISLAND AND ON BLUFFS OW OKLAHOMA (TOP 

AND SIDES). 

"AcamplocJados sessilispicllS (Buckl.) Nastl. 
* Andropogon hallii Hack. 
"Andl'opogon saccharoides HaCk. 
"Aphanostephus skirrobasis (DC.) Tre1. 
'" Argemone alba Lestib. 

"Aristida purpurea Nutt. 
"Asclepias lindheimeri Engelm. 
*Bouteloua curtipend ula (Michx.) Torr. 

Glycrrhiza lopidota Pursh. 
Cebatha carolina - (L.) Britton. 

*Cenchrus pauciflorns Benth. 
Chamaecrista fasiculata (L.) Greene. 
Commelina sp. 

"'Croton texensis (KL.) Muell. Arg. 
*Engelmanllia pinnatifida T. & G. 
*Eragrostis spp. 
*Eriogonum annuum NulL 
~'Gaura villosa Torr. 
"Grape (Vitis sp.). 

Gum elastic (Shrub). 
*Hackberry (Shrub). 
*Heterotheca subaxillaris (Lam.) Br. & R. 
*Hymenopappus sulphureus TIydb. 
*Indigofera lepLosepala Kutt. 

Jatropha stimulosa Michx. 
*Meriolix drummondiana (Sp.) Small. 

Nuttallia stricta Greene. 
Dithyrea wisle7.eni Eng. 

*Paronychia jamosii '1'. & G. 

"'Indicates plants thai are found on both Texas bluff and Okla· 
homa bluff. 
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*Parosela lanata (Spreng.) Britton. 

*Paspalum stramineulll Nash. 
*Plantago spp. 
*Plum (Prunus sp.). 
*Polygala alba NutL 
Othake sllhacelatulll (Nutt.) Uydb. 

*Raimannia rhombivetala (NutL) Rose. 
Prickly ash (Shrub) Xanthoxylull1 sp. 
*Ptelea trifoliato L. 

>I< Artemisia filifolia Nutt. 
~Siderantlms spinulosus (Pursh.) Sweet. 

Smilax Bona-nox L. 
*Stenosiphon linifolium (Nutt.) Britt. 
*Styllingia salicifolia (TorL) Small. 
*Thelesperma gracile (Torr.) A. Gray. 
"'Yucca ten uistylo Trel. 
"Eriochloa acumina ta. 

LIST III. 

TOTAL 46. 

PLANTS FOUND IN RIVlnR VALLl<JY SOUTH OF GOAT ISLAND 
AND ALSO ON TEXAS BLUFF. 

"Acamptoclados sessilis]Jicus (Buckl.) Nash. 
Acuan illinoensis Kuntze. 
Allionia hirsuta Pursh. 
Amarantlms blitoides 8. "Vats. 
Amaranthus graeeizans L. 
Amaranthus retroflexus L. 
Ambrosia psilostachya DC. 

* Andropogon hallii Hack. 
'" Aphanosteph us skirrobasis (DC.) 'rrel. 
"Andropogon saccharoides Hack. 
"Argemone alba L<li"tib. 
"Aristicla pllrpurea Nutt. 
* Asclepias spP. 
*Bouteloua curtipenclula Torr. 
Cathartolinum rigidum Small. 

*CenchrllS pauciflorus Benth. 
Centaurea americana Nutt. 
Cottonwood (Populus cleltoicles Marsh.) 

*Croton texensis (KL.) Muell. Arg. 
Cypel'us 8pp. 

""Indicates plants that are found' on both Texas bluff and Okla­
homa bluff. 
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Elm (Ulmus sp.). 
• Engelmannia pinnatifida T. & G. 
'Eragrostis spp. 
~ bJriogonum sp. 

Gaura parviflora Doug!. 
"'Stenosiphon linifolium (Nutt.) Britt. 
*Gaunl villosa Torr. 

Grindelia inuloitles Willd. 
~'Gralle (Vitis 8P.). 

GU'tierrezia sPp. 
*Hackberry (Shrub). 
Hackberry (Tree). 
HelianthllS petiolaris (:r>;lltt). 
I-Ielianthu8 annllllS L. 
Helianthns maximiliana Shroeb. 

*Heterotheca subaxillaris (Lam. Br. & R.J. 
*Hymcnopappus sulllhllreus Rydb. 
'lndigofera leptosepala Nutt. 
Ipomoea leptophylla Torr. 
Kallstroemia 8p. 
Laciniaria sPp. 
Leptilon canadense (L.) Blitt. 

• Meriolix drummondiana (Sp.) Small. 
~Raimannia rhombi petal a (Nutt.) Rose. 

Panicum spp. 
; Paronychia jamesii T. & G. 
*Parosela lanata (Spreng) Britt. 

ParthenociSSllS quinquefolia (L.) Planeh. 
Paspalum stramineum Nash. 
Pecan (,Hicoria pecan Marsh.). 
Petalostemon SPll. 
Physalis spp. 

* Plantago spp. 
*Plum (Prunus sp.). 

*Polygala alba Nutt. 
>'Eriochloa aCllminata (Pres!.) Kunth. 

Polygonum sp. 
*Othako sphacelatnm (Nutt.) Rydb. 

*Prickly ash (Xanthoxylum gp.). 
··Ptelea trifoliata' L. 
Russiall thistle (Salsola pestifer A. Nels.) 

* Artemisia filifolia Nutt. 
Salvia azurea Lam. 

• Sideranthus spinulosns (Pursh) Sweet. 

*Indicat(s plants that are found on both Texas bluff and Okla· 
homa bluff. 
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*Smilax ,bona-nox L. 

Solanum eleagnifolium Cay. 
"Styllingia salicifolia (TorL) Small. 
'Thelesperma gracile (Torr.) A. Gray. 
Tribulus terrestris L. 
Vernonia interior Small. 
Wild china (Sapindus sP.). 

Xanthillm 8p. 

*Yucca tenuistyla Trel. 

LIST IV. 
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PLAI\TS }1'OUND IN RIVFJR VALLl<JY SOUTH OF GOAT IS[>AND 
AND ALSO AT BONER REF'INERY (LONGITUDE) 

Plantago sp. 
Plum. 
Po]ygonum sp. 

BOTH ON TEXAS SIDE. 

Othake Slihacelatum (Nutt.) Rydb. 
Salvia azurea Lam. 
Solanum eleagnifolillm Cav. 
Thelesperma grar:ile (Torr.) A. Gray. 
'rribulus terrestris L. 
Vernonia interior Small. 
Willow (Sand-bar). 
Acamptoclados sessilispicus (Bueld.) Nash. 
Acuan illinoensis Kuntze. 
Allionia hirsuta Pursh. 
Amaranthus blitoides S. "Vats. 
Amaranth us graecizans L. 
Amarauthus retrofiexus L. 
Ambrosia psilostachya DC. 
Andropogon hallii Hack. 
Andropogon saccharoides Hack. 
Apllanostephus skirrobasis (DC.) Trel. 
Al'istida purpurea Nutt. 
Asclepias 8])P. 
Aster spp. 
BI'Cchal'is salicina T. & G. 
Bouteloua curtipendula (Michx) Torr. 
Glyeyrrhiza lepidota Pursh. 
Distichlis spicata (L.) Greene. 
Cathartolinnm rigiclum (Pursh.) Small. 

'Indicates plants that are found on both Texas bluff and Okla· 
homa bluff. 
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Cellchrus pauciflorous Benth. 
Cottonwood (Populus deltoides Marsh.) 
Croton texensis (Kl.) Muell. Arg. 
Eleocharis spp. 
Engelmannia pinnatifida T. & G. 
Eragrostis spp. 
Eriogonum annuum Nutt. 
~~ustoma russellian um (H.) Griseb. 
Grindelia inuloides Willd. 
Gutierrezia spp. 
Heterotheca subaxillaris (Lam.) Br. & R. 
Hymenopappus sulphureus Rydb. 
Indigofera lept08epala Nutt. 
Iva ciliata Willd 
Jatropha stimulosa Michx. 
Kallstroemia sp. 
Laeiniaria SPll. 
Leptilon canadense (L.) Brit. 
Lythrum lanceolatum Ell. 
Nuttallia stricta Green. 
Meriolix drummondiana Small. 
Dithyrea wislezeni Engelm. 
Haimannia rhom bipetale (Nutt.) Bos. 
Paronychia jamesii (T. & G.). 
Parosela lanata (Spreng.) Brit. 
Pecan (Hicoria pecan). 
Petalostemon 81111. 
Phyla cuneifolia T. & G. 
Sideranthus spinulosus (Pursh) Sweet. 
Cephalanthus occidentalis L,. 
Cha'IIlaecrista fasciculata Greene. 
Cyperus SPP. 
Eriochloa acuminata (Presl.) Kunth. 
Fuirena hispida Ell. 
Gaura viIIosa Torr. 
Grape (Vitis sP.). 

Gum elestic (8hru b) . 
Gum elastic (Tree). 

Prickly ash (Shl'tlh) 

Xanthiurr. sp. T01'A[, 68. 
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LIST V. 

PLANTSI FOUND IN RIVER VALLEY AT BONER REFINERY 
(LONGITUD~J) AND ON 'l'EXAS BLUFF BUT NOT IN RIVER 

VALLEY SOUTH OF GOAT ISLAND. 

Calamovilfa gigantea. 
Chamaesyce. 
Gaillardia lanceolata Nix. 
Monarda sp. 
Solanum rostra tum. 
Solan urn torreyi. 
Solidago sp. 

Syntheri.sma sanguinalis. 
Vincetoxycum cynanchoides (Vail) TOTAL 9. 

PLANTS, FOUND IN RIVER VALLEY AT REFINERY AND ON 
OKLAHOMA BLUFF BUT NOT IN RIVER VALLEY SOUTH 

OF' GOAT ISLAND, NOR ON TEXAS BLUFF. 

Isopappus divaricatus (Nutt) T. & G. TOTAL 1. 

LIST VI. 

PLANTS FOUND IN Tl<JXAS VALL~W AND ON EITHER TEXAS 
BLUFF OR OKLAHOMA BLUFF BUT NOT ON RIVER 

VALLEY IN OKLAHOMA. 

Acamptoclados sessilispicus (Buck!.) Nash. 
Allionia hiI'suta PUI'sh. 
Argemone alba Lesti'b. 
Asclepias lindheimeri Nutt. 
Euploca convolvulacea Nutt. 
Bouteloua curtipendula (Mx.) Torr. 
Cathartolinum rigidum Small. 
Centaurea americana Nutt. (?) 

Cebatha carolina (L.) Britton. 
Chamaecrista fasiculata Greene. 
Chloris spp. 
Commelina sp. 
Engelmannia pinnatifida T. & G. 
Gaillardia lanceolata Mx. 
Gaura villosa Torr. 
Grindelia inuloidcs Willd. 
Grape 
Gum elastic (Shrub) (Bumelia 8P.). 

Hackberry (Shrub) (Celtis occidentalis?). 
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Hackberry (Tree) (Celtis occidcntalis?). 
Helianthus maximiliana Schroll. 
Helianthus annuus L. 
Ipomea lelltollhylla Torr. 
lsopappus devaricatus (Nutt.) '1'. & G. 
Jatropha stimulosa Michx. 
Kallstroemia 8p. 
Laeiniaria squarrosa (L.) Hill. 
Leptilon canadense (L.) Britt. 
Nuttallia stricta Greene. 
Morongia uncinata (WilId) Brit. 
Paronychia jamesii T. & G. 
Parosela lanata (Spreng) Britt. 
Parthenocissus quinquefolia (L.) Pla'nch. 
Paspalum straminenm Nash. 
Prunus sp. 
Polygala alba Nutt. 
OLhake splLacelatum (Nut!.) Rydb. 
Prickly ash (Xanthoxylum sp.). 
Ptelea trifoliata L. 
Artemisia filifolia Nutt. 
Salvia azurea Lam. 
Sideranthus spinulosus (Plush) Sweet. 
Smilax bona-nox L. 
Solanum rostratul11 L. 
Solanum torreyi A. Gray. 
Solidago sp. 
Styl1ingia salicifolia (Torr.) Small. 
Syntherisma sanguinale (L.) Dulac. 
Thelesperl1la graCile (Torr.) A. Gray. 
Tribulus terresthis L. 

Vincetoxycllm cynanchoides (Eng.) Vail. 
'Nilcl china (Sapindus drummondii Hook). 
Yucca tenuistyla Trel. 

LIST VII. 

TOTAL 53. 

PLANTS FOUND ON DOT,I-I TEXAS AND OKLAHOMA SIDES OF 

RIVRR VALLRY BUrr NRITHER ON rt'EXAS BLUFF 
NOR ON OKLAHOMA BLUFF. 

Amaranthus l'etroflexus (L.). 
Ambrosia aptera DC. 
Amorpha [ruticosa (L.). 
Baccharis salicin a T. & G. 
Distichlis spicata (L.) Greene. 
Chaetochloa spp. 
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Diehlophyllum marginatum (Pursh.) Kl. & Garcke. 
Eleocharis sPll. 
Eustoma russellianum (H.) Griseb. 
Heliotropium curassaviCUlll L. 
Iva ciliata Willd (?) 

Juneus sl1P. 
Lythrum lanceolatum l£U. 
Phyla cuneifolia T. & G. 

Rutlbeckia hirta L, 

Samolus cuneatus 2mal!. 
Willow (Salix nigra). 
Willow (sand bar) (Salix luteosericia Rydb.). 
Apocynum si'biricum J acq. 
Aster 8p. 
Cephalanthus occidentalis L. 
Fuirena hispida Ell. 
Bumclia sp. (Tree). 
Plucllea sp. 

149 

Persicaria sp. TOTAL 25. 

LIS'l' VIII. 

PLANTS FOUND ~JITHER ON TEXAS BLUFF OR ON OKLAHOMA 
BLUFF BUT NOT ON RIVl<JR VALLEY l£ITHER IN 

OKLAHOMA OR TEXAS. 

Bouteloua hirsuta LRg. '1', Permian gravels, dry hills, 
Carrot, wild (Eul',ytaemia texana '1'. & G.) 0 T prairies. 
Cissus incisa Desm. T (seep soil). 
Fllago llivea T Permian, dry or stony soil. 
Phaca elatiocarpa (Sheld) Rydb, T Permian, apparently a prairie. 

limestone genus. 
Houstonia angustifolia T Permian, dry soil or llrairies. 
Johnson grass T (only one specimen found in whole area studied). 
Krameria secundiflora T Permian sandy soil, Kansas to Florida, 

New Mexico and Mexico. 
Lactuca ludovician DC.? plains and prairies. 
Wild bean (Strophostyles pancil10ra (seep soil, river banks). 

Nelltunia lindheimeri? T Permian; prairies, Texas. 
Penstemon cobaea Nutt, T Permian; prairies, Kansas to Texas. 
Scu1ellaria resinosa 'rorr. T Permian; l1rairies or hillsides. 
White clover (MeJilotus alba) T Permian; waste places. 
Ampelol1sis cordata 'r (seep soil). TOTAL lG. 

"'1''' indicates 'l'exas hluff. 
"0" indicates Oklahoma bluff. 
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LIST IX. 

PLANTS FGUND DGMINANT IN RIVER VALLEY, TEXAS SIDE 
(ANY LGCATION) AND ALSO' DOMINANT GN EITHER THE 

TEXAS, BLUFF GR THE GKLAHGMA BLUFF. 

Acarnptoclados sessilispicus (Buckl.) Nash. 
* Ambrosia psilostachya DC. 
* Andropogon hallii Hack. 
* Andropogon saccharoides var. torreyanus (Steud) Hack. 
Aphanostephus skirrobasis (DC.) Tre1. 
Argemone alba Listeb. 

* Aristida purpurea Nutt. 
Douteloua curtipendula (Mx.) Torr. 
Cathartolinum rigidum Small. 

4Cenchrus paucillorus Benth. 
*Eragrostis sPP. 
"'Eriogonum spp. 

Gutierrezia spp. 
Hackberry (Shrub) (Celtis ocidentalis?). 

~ Heterotheca subaxillaris (Lam.) Br. & R. 
~Hymenopappus sulphureus Rydb. 
Laciniaria spp. 
Meriolix drummondiana (Sp.) S'mall. 
Paronycbia jamesii T. & G. 
Parosela lanata (Spreng) Britt. 
Petalostemon spp. 
Plum (Prunus sp.). 
Prickly ash (Shrub) (Xanthoxylum sp.). 
Sideranthus spinulosus Sweet. 
Yucca tenuistyla 1'rel. (?). 

"Eriochloa acuminata Presl. Kunth. 
Helianthus petiolaris Nutt, 

LIST X. 

TGTAL 27. 

PLANTS< FGUND TO' DE DGMINANT GR CGNSPICUGUS ON SGME 
PART GF THE TEXAS SIDE GF 'I1RE RIVER VALLEY 

AND ALSO GN SGME PART GF THE GKLA-
HGMA SIDE GF THE VALLEY. 

". Ambrosia psilostachya DC. 
* Andropogon hallii Hack. 
~ Andropogon saccharoides val'. torrey anus (Steud) Hack. 

* indicates plants that are also found dominant in the valley of 
Gklahoma side; the other plants were not found dominant on this 
Gklahoma location. 
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* Aristida purpurea Nutt. 

Baccharis salicina '1'. & G. 
Calamovilfa gigantea S. & M. 
Distichlis spicata (L.) Greene. 

*Cenchrus pauciflorous Benth. 
Populus deltoides S. Wats. 
Eleocharis spp. 

* Eragrostis spP. 

*Eriogonum annUU'll1 Nutt. 
Gaura 5Pp. 

*Heteratheca subaxillaris (LAm.) Br. & R. 
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Lythrum lanceolatum Ell. 
Phyla cuneifolia Small. 

*Eriochloa acuminata. 
*HymenOpapllus sulphureus. TOTAL 18. 

LIST XI. 

PLANTS FOUND '1'0 BE DOMINANT ON BOTH VALLEYS AND 
DOMINANT ALSO ON 1<JITHER 'l'EXAS BLUFF OR 

OKLAHOMA BLUFF OR BOTH. 

Ambrosia psilostachya DC. 
Anclropogon hallii Hack. 
Anclropogon saccharoides val' torreyanus (Steud) Hack. 
Aristida purpurea Nutt. 
Cencbrus pauciflorus Benth. 
Eriogonum annuum Nutt. 
Beterotheca subaxillaris (Bam) Br. & R. 
Eriochloa acuminata (Presl.) Kunth. 
Hymenopappus sulphurens. 
Eragrostis spp. 

LIST XII. 

LIST o Ii' PLAN'TS '1'0 SHOW PROGRESSIVE CHANGES, BEGI~·" 
NING WITH RIVER SAND FLAT AND WORKING IN A 

GENERAL SOUTHERLY DIRECTION APPROXI­
MATELY LONGITUDE 98°38'24". 

SAND FLAT­
Eleocharis sp. 
"Carpet grass" (Distichlis spicata). 
Cyperus. 

* indicates plants that were also found dominant on Okl~hom'l 
bluff or on 'fexas bluff or on both. 
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Cockle 'burr. 
Willow. 
Salsola pestifer. 
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NEWLY ACCRWl'ED LAND­
Cotton wood 
Willow (abundant). 
Cockle burr. 
"Carpet grass" (Distichlis spicata). 
NIl t grass (Cyperus). 
Am brosia psilostachya. 
Calamovilfa gigantea. 
Parosela. 
Grass burr (Cenchrus pauciflorus). 
Baccharis salicina. 
,Bporobolus sp. 

FIRST DUNFJ Nl<JXT TO Nl<]WLY ACCRETElD LANU­
Andropogon hallii. 
Andropogon saccharoides var. torreyanus. 
Reverchonia areuaria. 
Chamaesyce petaloidea (FJngelm.) Small. 
Cottonwood (up to 4.9 feet oir. o. 
Grape (Vitis sP.). 
Poison ivy (Rh llS toxicodendroll). 
Othake. 
Apocynum. 

SECOND FLAT SOUTH­
Panicum virgatum. 
Glycyrrhiza lepidota. 
Juncus torreyi. 
Samolus cuneatus. 
Fuirena hispida. 
Eustoma 
Phyla. 
Jsopappus. 
Willow (very scrulJby; dying). 
Eriogollum. 
Cha:maecrista. 

Eragrostis sp? 
Cyperus (a very small spec-ies) 

SHJCOND DUNE­
Willows-dying. 

THIRD FLAT­
Iva. 
EJragrostis secundiflora 
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Cottonwood (up to 4 feet circumference). 
Lythrum. 
Pluchea. 
Amorpha fruticosa. 
Eessuvium. 

THIRD DUNJ:<]­
Artemisia filifolia. 

Aristida purpurea. 

Plum (one plant). 
Raimmania. 
Indigofera. 
Plum (40 yards farther south, thicket). 
Prickly ash. 
Yucca. 
Gaura villosa. 
Acamptoclaclos. 
Cottonwood (4.1 feet circumference). 
Prickly·pear. 
Grape (a'bundant but scrubby). 
Dithyrea. 

FOURTH FLAT. 
Bumelia. 
Pecan (small). 
Cottonwood (5.3 feet circumference). 
Wild flax. 
H ymenopallPus. 
Stenosiphon. 

From this point southward to the Texas bluff the flora is essen­
tially that of a semi-arid sandy prairie. 

SUMMARY OF PLANT DISTRIBUTION. 

, l. Total number of species reported in area studied, all 
locations .................................... 165 

'2. ToLal number of speCies in river valley south of Goat 
Island ....................................... 100 

'r 3. Total numbcr of species in river valley at longitude of 
refinery . . . .................................. 93 

r 4. ToLal number of species in river valley, Goat Island. . .. 43 
*5. Total number of species in river valley, all locations on 

Texas side . .................................. 1 33 
*6. ToLal number of species, all locations on Oklahoma side 110 
"7. Total num'ber of speCies, all locations on 'l'exas side .... 154 

*Compiled from Table 1. 
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• 8. Tota! number of species in river valley Oklahoma (in .. 
eluding dunes, fiats and seeps) ........... , . . . . . .. 81 

"'9. Total number of speCies Texas bluff (sides and top) .... 106 
• 10. Total number of species Oklahoma bluff, sides and top.. 55 

11. Total number of species duplicates in river valley south 
of Goat Island and on dunes, fiats, and seeps of val .. 
ley, Oklahoma side (List I)......... . . . . . . . . . . .. 49 

12. Total number of species duplicates in river valley south 
of Goat Island a1](1 on Oklahoma bluff (List II) , . . .. 46 

J 3. Total number of species duplicates in river valley south 
of Goat Island and on Texas bluff (List III) . . . . . . .. 73 

"14. Total number of speCies duplicates in river valley south 
of Goat Island and either on Texas bluff or Oklahoma 
bluff ......................................... 81 

15. Total nnmber of species duplicates found on valley south 
of Goat Island and at longitude of Boner Refinery 
(List IV) . ................................... 68 

J 6. 'rota) number of species duplicates 'in river valley at 
longitude of refinery and on Texas ilJluff but not on 
river valley south of Goat Island (List V) .... ,. . . . 9 

, 17. Total number of species found in river valley in Texas, 
all locations, and either on Texas bluff or Oklahoma 
bluff ..................................... , .. 94 

] 8. Total number of species found in river valley ('Texas) 
all locations and on either Texas bluff or Oklahoma 
bluff but not Oil dunes, fiats or seeps of river valley 
in Oklahoma (List VI) ................. , . . . . . .. 53 

19. Total num1ber of species found in river valley (Texas) 
anywhere and on river valley (Oklahoma) anywhere 
but neither on Texas bluff nor Oklahoma bluff (List 
VlT) . . . ..................................... 25 

20, Total number of species found on either Texas bluff or 
Oklahoma bluff but not on rivElr valley either in Texas 
or Oklahoma (List VIII) ....................... , 15 

21. Total number of species found dominant on any or all 
localities studied on Texas side of river valley and 
also on either the Texas bluff or the Oklahoma bluff 
or on both (List IX) . . . .. .. . .. . . . . . . . . . . . . . . . .. 27 

22, Total number of s!)ecieg found dominant on any or all 
locations studied on Texas side of river valley and 
also on one or more of the localities on the Oklahoma 
side of the siver valley (List X) . . . . . . . . . . . . . . . . .. 18 

23. Total number of species found dominant on Iboth of the 
valleys and also on either the Texas bluff or the Okla .. 
homa bluff (List XI) . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

*Compiled from Table 1. 
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t 2 4. Total number of species in whole area confined to moist 
soil in distribution .........................•... ;) 7 

t25. Total nU'mber of species in whole area tolerant to or pre-
ferring dry or arid conditions .................... 138 

tCompiled from Table IV. 



SUMMARY OF PHYSIOGRAPHIC I?-JVES'f'IGA'l'IO~8 

MADE 11\ CONNECTION WT'l'H 'I1IE OKLAHOlHA­
TEXAS BOUND A RY SUFI'. 

BY R. T. HILL.l 

It ,vas um1cl'stoocl I shcl1lld mnke a brief rCSllme of 

llly testimony which I hope will complete the suhject upon 
my pal't. Fil st I Rhall give in the form of a few terse axio­
matic ::;entellce~ thc main points I have tried to make. Linea­
ments of lan(h;(:apes like those of human faces ]'pflect age and 
experiences without the nced of ecologic or other assistance. 
'rhe PhYRio!.',llomy of He Big Bend Valley is mature. The 
Physiognomy of the Valley Bcn(:11 i::; old; the Physiognomy of 
t11(, sand plain is old. The Big Bell<l is an old feature in­
llel'ited from the ice age and beyond. Heel HiveI' is an old 
riYer according to the standard of compnrison of the other 
liven: of the Grenter 'rexa::; Regioll. The entire valley at 
this point i::; all am:iellt eurve probably made in Pliocene 
time 01' ovel' GOO.OOO ye,1l's ago. The terraces 0 C the outer 
bluffs tcs1ify thnt the vall('Y of' Hed Itivel' is an old featme. 
The loe,~s I::; nlso (wllfinnatory evidences of this autiquity. 
The presence or the back canyon terraces alAn teRt.ify to the 
gl'eat antiquity of the rivel' valley. The river ill the Big 
Bend al'eh has appnl'elltly heen <t(ljWitillg itself to its present 
position since Pliocene 1 ime. 'rho groove has been there since 
heforE' the i(~e a!!,·c. Likewi:-;e 01{' nwnnciel's of the river. \Vhy 
not its benches"? Old age is te:-;tified by tIle fact that the Big 
Bend of the Hed River valley is pprlllanently elltl'(~l1(:hec1 and 
the meanders of its outcr valley are comparatively theel. I 
have tried to show that rivers in their' youth like childrcll arc 

'At the close of his direct testimony Dr. Hill gave a summary of 
his investigations (Recon], Vol. VIlI, pp. 4622-4632) which is 
reproduced here in full with no alterations oth(Or than the insertion 
of paragraph headings, and the omission of some explanatory notes 
and comments incident to the Court procedings. The testimony of 
Dr. Hill will be found in full in the Supreme Court Records in this 
case, VoL VIII, pp. 4418-4634; and 4756-4834. (Editor.) 
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often erratie in their eourse and meander wildly. Rivers like 
men become fixed in their habits with the approach of old 
age. Red River in the Big Bend area is approaching matur­
ity and its habits are of anciE'nt origin and permanently es­
tablished. These habits are as follows: As the successor 
of an ancient looped meander, it has constantly followed the 
habit of straightening' ont. The meander with all of its 
accompanying featllJ'es 'has follow('d the habit of slowly mi­
grating downstrcam, although its progress has heen excep· 
tionally restrained in this instance by the obstacle of the 
Burkburnett structures. The tendency of the arch of the 
meander has also been to constantly migrate northward 
towards the Oklahoma Hide an<l away from the TE'xas sid(~, 

owing' to its adjustment to structural conditions. 
The old age of the Big Bend in particular and of RE'd River 

in gencral is tcstified hy the fact that the bend is a straight­
ened meander, and terrace evidellce shows that the straightening 
has been a long proeess. The south border of Big Bend preserves 
in its constructive terraces records of its ancient birth. The 
south border also presPJ'ves in the scars of itA tcrraces r'ecords 
01 their long duration in their present position. The trunca­
tion of the valley bluffs of the Oklahoma side likewise attest 
long erosion and continuance of the channel on that side. 
Another testimony to the antiquity of Red River has been 
given by me in the classi fication of the rivers, where I 
have tried to show that it is practically the oldest of the 
rivers of a series of river groups, some six or seven in num­
ber of the original coast ward slope. 

Long and deep erosion of the blnff HigniIies that a stream 
has long departed fl'om its baRe. As a Rtr'eam advances 
against the base of a bluff hy planation it deAtroys the evi-

dences of iis marginal erosion. Records of the downstream 
contacts and migrations of the crossing heads are preserved 
in the topography of these margins as shown lIpon the Stiles 
map. As the channel recedeR from a hluff' laterals in the 
latter lengthen and deepcn. AA a channel planatcs a bluff 
the laterals 8l'e truncated and shortenen. IIenee a deeply 
seorrd ouier hluff ilHlieat<'s relativply longer ahHCIl('p of the 
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planation channel from its foot. rehe abSelll'e or shortne~s 
of lateral (~hallnrls indicates long presence of the planation 
challnel at its base. He-enUant curves and cut banks indi­
cate present or former points of contact of the crossing 
against the bluff. Significance of truncated and base leveled 
laterals has heen explained. Tn regions of uncontroJled rnn 
off an intermedia 1f' valley bench or Recond botlom may de­

velop lwtween the flood plain Hl1c1 the valley borders, which 
is ordinarily called the second bottom. Big Bend bench is a 
flood plain formation, crowned with land mad(~ duneR. '['he 
valley beneh iR firRt in the serieR of tprraces of the '1'exas Re~ion 
which have been in the building since the beginnings of 
Quarternary time, and their occurrence in their present posi­
tion is in harmony "with the operations of the laws which 
have produced the Requence of E'VentR, consistently following 
one another since thc heginnings of the time mentioned. It 
is in its present position becansE' it helongR therE' according 
to theRe laws and this evolutioll. 

The IJaw of Rivers. 

The law of the rivers I will again state-the fundamental 
law of working rivers. The cm'rpnts of flowing rivers in 
times of flood are swiftest on the convex Rides of their chan­
nels. ThE're they cut their banks and acqllil'P sedimen II':. 
The convex side of tbe channel is the concave Ride of the 
valley \"a11. ThE' ('nrrentR of riYers are I':lower on the con­
cave Ri(les of their channels. There they depol-lit spdimentl': 
find hnild up hellchE's. '1'he concave side of the channel is 
the COllYf'X side of the valley. The only exception to these laws 
is when the currents are broken by Ihp entl'anee into the 
channel of an intprfering lateral branch. The Big Bend val­
ley hench presents two areas of somewhat different surface 
aspects. Both afe the sur/face expressions of a common foun­
dation vvhic11 constituted the Ol'iginal heneh. The outer mar­
gin of this original hench has heen stripped of vegetation 
during some epoch of excessively high watpI' in comparatively 
recent time. The time cannot he fixed with exartitude. The 
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west end of the Big Bend valley hendl had apparently 
l'eadled its maximllm of growth and a eycle of decadence set 
Ill. The c1estruetive attacks upon the west end of the Valley 
Bennh hy (100(1 waiel' is in harmony witIl the layy of rivers, 
All the similar benches show similar clestnwtive eutLings at 
the upstream end of benches and acclll1l111ations at their 
lowel' ends. nivpr~ cut tlwir onte]' banks below crossing'S. 
H the gl'OUp activitieR of a 1'ive1' tl'avel downstl'enm includ­
illg the migra tiOll of mealld(-ll S, helll1s and benches, 
then tlle Big Deuel yalley hench nmst fall witbin this law, 
I do not mean to say this meandering' is viRihle Ol' pereeptible 
or measurable ill tel'ms of c1ays 01' years. It is to be noted 
in gpologie ages rather than ill pel'iods or ellochs or the 
smaller divisions. I entertain the hypothesis concerning the 
Dig Uend valley 1)ellCh that the valley bench formerly had 
ulJstream ('xtension to the 1I0l'tlnvest ClIJ(l west or north; that 
this extension len~hea as far CIS the line mal'lce<1 IlpOIl thr 
map as the I'Ol'lllel' outer hank of the 13i£>,' Bend yn]ley bench. 
I do not know whether I had thr wOl'(1 approximClte, or not 
or whether th~lt i~: an exact qnotation o[ the letteriug on that 
line, 1nlt I think all understand what I 111en11-on the mn]! 
l1laJ'kc(l defrlH1nnt's exhihit D7; that this hench has l'e(~e(lcc1 

to its pl'esC'nt position-that the c(lge o[ this beIH'h has re­
ceded to its present position as a resnH of (l(:stJ'l1ctive river 
planation instead of having grown out; thClt this destruc­
tion is still ~oillg on. It is also my opiuioll that the 80-

eallC'r1 islallds, or hlr£>,'e islands are 1'C'si(111aI8 of the former 
extension or this hank, and that this d('stl'llction is largely 
tile work of the tendency of tllP ;\rw River to cnt a chan· 
nel c1nring high waters aerOflS the w(,st end of the bench. 

1\Jy reasons for ihellc dell11ctiolls arc all follows: 

rrlle n01'mal tl dV3nee of tlw wo ll( ing 1'1 vel' js from this 
westrJ'ly direetioll, The wOl'k whidl pi'oclneec1 the effect is 
~tiil !!,Oillg on a!!,<lins1. the west end or the v<Jll('y bench. 
Re:'rnt hi£>,h ~water flood,; hn vp attacked and plannte(1 the west­
ern and northwt'siern hank,;, leavil1D; cut hIuA's of consider­
able height and fre:hness. VPRtiges of the former extent of 

the banks :111<1 hrnehes in the westerly nnc1 nOl'ihwesterly 
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dil'ediom; ale refiede(l in tile contoul' of th(~ so-called i~laJ](l:-l 

('11 hal's, whidl appal elltly and in my opinion, ,up only sevcrpd 
pcrtions of the main valley lHmches; in thc occnrrenee far OHt 

ill thc fland plain and upon SOHle o[ the' alleged sallllbal' is­
hmds of stumps and trep trunks still )'ootc(l in the groLlnd; 
and in tIlP geology and the geolo~ic history of the hrl1ch and 
l'lver III ~eneral. 

'l'l~ Hell Hivel' H Sam1 River. 

I also defined the \{e(l RivPl' a:-l a :-land river an(l stnte(l 
that sand l·iverfl are suhjrd to the ~allle laws or pliy::;i('s as 
utbel' rivcl s, but the application of thpsp law::; ha::; produced 
R01l1e l'CfluJir; with whi(~h the average ]llIysiogntpller aC('IlS­
jomed to riven; oj' thr older portions of the TTnitrc1 Statps IS 

unfamiliar. 
The satHl plain is a spl'pading' and c1l'yiug g'J'(l1mcl ,,-hidl is 

an essential accompaniment or the salld rivel's and of HIP 
fringing· d 11n('s. The £l'ingillD; dllneR ('(1llllOt he macle wi t hout 
the pl'cspncc of a drying and Rpl earling' gTonnd, and 1,11('1'('­
fon' ar(' not islalld:-; macle in the l'ivpl'. '1'lip eXifil('tl('1' of the 
~pl'ending' gronp implies tha~ the l'ive1' must 1)(' S0111<" difitmwr 
frolll tlll' linr of' vegetation beyond whi13h the clulles fire 111,1(1e 

-heyond vvhi<:h or nllon whicl1 dun('s al'(' madr. 'l'hel'rfol'e 
t hp existellC'r 0 I' a frin ging dU1l(~ impli (';.{ i hfl t the 1 ivp], wa c; 

some clislflllC'e away wlien it wfls lU:HlE'. Plo()(l watr]'fi :-;pl'eild 
Iwdiml'llls over a SH]](l plain, fl]](l leflve sligbt lrrpgnlm'itirs 
of sllda('<:'. Wiw1io; l'e-i!l'l'ange the distl'ihntion o[ sand oyer 
tile sill1d plain, amI redn(~e its i1Tegnhll'ities to a plane SUl'­

fnel'. The topogl'ap11i(: irr("gularlties of the samI plain jdt 

h~T illlllld,ltiOll are I'ednced to regnlal'ity hy thp winds. Tho 
topographi(' ilrpg'lllaritips of thp valley bellrh al'e ('lwnged 
10 ,I 1evr I sl1d'n('e hy tIl e wimlR. The silnl(' wi1Hl" wbie 11 rarI'y 
t1le JYiiltrriAl from thE' snrfHce of the saud plilin leve1R it.:: 
irregularities an(1 pl'otnheraIlC'(,s. ,Vimls Imild fewel' islands 
llpOl1 a Ra11<l plain than they destroy. 

Thp allegpd Randhnn; of a R<Hl(1 river ~Jre (liffel'pl't rI'~tll 

thnse of the Appalachian Rivers, inasnlllch AS thE',V are merely 
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illequalitiei> in a general Hoor compaRed 01 sand, and as left 
exposed by a rapidly receding river' instead of accumnlatiom; 
of solid matE'rial RE'pa1 ated 1rom the clay and gravel and 
other matel ial:-; of a (:opiol1s river, and which have been grad­
ually built up in a continuously £lowing river ehanllel. True 
sandbars are not lrft hy a receding Hood upon sand plains 
of a sanel river in this particlllar portion, Sandbars do not 
increm;e in size as a, rule upon the Rand prain of a sand river" 
although some smaller aecumulationi> may be made-ex:ceep­
tional acclllmllations may he made, hut on the contrary are 
usually reduced to the general level of the plain by the winds. 
There is no evidence anywhere that islands have been cut off 
in the Big Bend region anyvvhrre from the Texas side and 
added to the Oklahoma side, or vice versa. Sand protuber. 
ances or bars art' not o,rdinal'ily tIlt' beginings of iRlands in 
the hig bench. In this arid, wind-swept region where wind 
is such a tremendom! factor, the protnbel'ances are quickly re­
duccd towards the general level of the sand plain as fast as 
their sllt'faccs become dried. Inasmuch as the alter-flood sur­
faces of 1he f;and plain can only he changed when it is in >t 

condition of absolnte dryness, and inasmnch as the surface'! 
at SllCIt times are levelled and not bnilt up, then the allege~l 

proceSR of island bnilding at such times is a fallacy. Further­
more as there RI't' no islands the accompanying theory of 
island building joining' falls with it. 

'l'he Fringing Dunes. 

Tile fl'ing'ing (hllles which have cl{'cumulated npon the land 
near the margills of the valley benehes arc features of the land 
and not of the water. In no manner can they be called islands. 
The fringing sand (lmws wcre built upon the land and not in 
the water, and therefore they are not islands. They were built 
of dry sand derived from a dry ,sand plain which bordered the 
land bench npon which they were built. Their cxistence, for 
instance, postlliates the existence of a dry sand plain betwren 
them and the waters. These dnnes are not now nor have they 
eyer been islands, lllllesR in very hrief timcs of e,xceeding high 
flOI'd:;" of which T have no po~itive knowledge. The pell'sistent 
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position of the normal low waier channel of Red l{iver is on 
th0 north side of the Big Bend valley. Its position there has 
lwen determined hy the laws of river work and actual oceur­
IEmces there at all time'; of normal low water. The new ('han­
ne] of Red River sOIlLetimeR-Ilo, I SllOUld say in all or most of 
the time of normal low water, the new channel of Red HiveI' 
sometimes at the weBt end of the valley bench is a temporary 
high water one, which originates anew with each overflow and 
disappears in times of normal low water, returning' to the main 
channel position. 

The l~iver li'iU 

If the nver bottom is filledllp to a depth of fifteen feet 
above the Permian rock floor, and this filling has taken place 
in recent time, which is as indicated twenty-five thollsand years, 
then the rate of filling has been one foot in everyone thousand 
six 1l1lIHlred aHd sixty'six years, 'which is a very slow proeess, 

The width of the Big Bend valley is 6,600 feet, and if thiE 
heneb has been made by aecretion or island building or joining 
within the JaRt one hundred years, then the rate of lateral 
growth or extellsion has been at the rate of sixty-six feet per 
annum, which is an absurdity, 

Downstream Migration 

The Big- Bend beneh is migrating southeast aecording to the 
law of meander migrations, and I have tried to point out that 
mass factors, inelnding all the features and funetions of the 
river geologically operate downstream, All the products of 
its f'l111etions mig,l'ate downstream, If tbis theory is true, then 
it would reVCl'se the opinion that the river at some relatively 
recent time reaehed the south bank below the Grandfield 
Bridge. 

According to the laws of rivers the Red River in its present 
ey<lle is not. due to flow against the south bank opposite the 
apex of tlw bpnd for a good many ypars, I would say thousands 
of yean;;, if at all, and there is, neither evidence nor law of 
prohahi1ity to ;;;ho"" that it flowed there a hundred years ago. 
Only two conditions eould arise whereby the rivE"!' could flow 
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agaim:t the Bout]] lmIlk. 'I'lle fi1':-1t of thE':-1e wonld b(' a great 
rlimatir ('hange, like Olle of those whi(~h took place in Glacial 
epochs. w1Jel'cll~' 1he rainfall and l'1nroi'I WOllld oe trcrncnd­
ou~ly incl'ea~p(l and the stream channel so augmented in wi(lth 
as to produce a la1'grr strram and more eOllstant Rtl'eam than 
now. The secoJ1(l would be the reaching of that point by the 
dOWllstream migratioll of the rnealldel' crossillgs from the preR­
cnt cycle whic:h has ]Jot yet taken pla(:e. 

Review of the Geography of the Gre'ater Trxa,s He'gion 

In my testimo1lY I first gave a generlll revlew of the 
geography of the gn·ater Texm; region, in orde'!' to hril1g ont 
the l'elatiow-;hip of the Red Rivel', which we are disC'ns:-;ing. I 
-;uhclividec1 this' grea1el' 'rexas regiol1 into the mountainons por 
tion of 1 he wrst. eOlleerl1i llg wllich we have no furt11E'r com;ider­
a1ion, an<l the regional slope rearlling from the monn1.aim; to 
the sea, which 1 defined a,!' 1he regional slope. 1 divided this 
regional slop(' of tIl(' greater 'l'exm; region illtO hi£!h plaim: anu 
low plaills awl ('cHtral re;gioll. I tricd to c!psm·il1l' the cvoln-
1.ion of tlle regional slope as the sea withdrew from the weRt 
east\\'<1rd, and to caU attention to the beltc<1 plains, which B1H'i­

('(~siv('ly wC're bJon£!1Jt ahovc the 'lea a~ the SCa migrated east· 
ward, and the ,lpve]opment of river gronps upon them. 

Stream Pattel'l1R of the Ci-reater Tcxa~ RegioJl 

I also I1wdt l'xtpl1sively np011 the stream patterns 
of the varie(1 gronps of rivers of thp greater Texas fegion. 
Those wele ("xtell~iY('ly (lel'eribcc1 and many pecnIiar all(l hithrr­
to 1l1lllotec1 features :nertaining to t11em were given. Tllustra­

tiolls of the stream pattC'rlls of the Coa~t Pralric, of the Neches, 
the Sabin?, the '1'I'inity and l~clwards Platean, the central pro­
vince and the high plains groups ,vefe givcll, ami the dJat'aci:el' 
of their Yal'iol1s stream patterns were cles(~ribecl and the peell' 
liaritie~ of ea(:h grOllp pointed ont. It was shown that th6 
riven; of the Central l'rovilwe and rivers of the IIig'h 
Plains within the GE'ntral Province were adjusted to the 

('()ll(liti01lR of the Rtratigra})hic ('onc1itiol1s exposed in their 

downward erosIon. The central section of Re(l River, 
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(,l'O~f;ll1g tll(' Central Province of the rrexas regIOJl is an 
flntecedcnt adjll:'>ted tYlW of stream, 'l'he relation of the stream 
paitel'm to struC'turc was showil by citations 01' mUlly iml :lnceR. 

T!'irsl, the regional patterns 01' raiher the persistpl1cP of ecrtain 

peculiarities of pattel'lls as the various rivers cTossed certain re­
gions, Wl're ShOvYll, and this wml, exemplified hy illllsl ral illg lltc 
mallner ill v\'hioh the \'(lrio11s rivers eross(Otl the Ceuiral Ht'!.(ioll 
and we}'e dcilectec1 northeastward I'rom thEir normal f;OUllH'(lSt­
ward di)'cC'tiol1s, so aR to cOllstitllte lllR ,:;o-called grrat helllh, 
as typically exemplified in thc Great Bend of the Arkama':5, 
""hi('11 e1efle' tiONI W~l'e sllPP()Redly e:1lls('d b,v tilc UttPlllpt~ 

of thr rl\'C'I'S 10 OVP],(,OHlC 11:c wcs1erly diplll11~ S11':lta of the 
PpJ'lni:l11 ami Pellllsylvania Rt'I'ies as ('xposeel by the dOWllCllt­

ting of 1 hese ri "NS in 1 hcir passage acro's a helt of such stnw' 
tnn's "CCll ill rastern and sOl1thern I\.ullc,as, north ('entral Okla-
110111:\ <ll\(1 1I01't11 e<:'1111'a1 '{'cxas, 

Inflllen('c of Slrnel11I'C's llllon Rtl'f'ilm l'atte'l'J1s 

'1'1)(' 11lflllPllCP' 0 r smaller or 1o'OaJ 'it 1'11('1 n1'es llpOll the patterns 
of stlC'ams Ira, also shown, espe('iall,v the l'elat ions of SIlCIl loeal 
strllC'tllJ'rs t.o inc1ivid'md hem],," Examples \I'pre ~lyell from 
mnll~' localities of how thc acljmtcd strcam'> I'it tl1ci1' r'Olll'SCS 
10 tllc structlll'eS lI'hich th('~' l'E''lurrcet ill their habits of down 
stripping' the strata, aJl(1 bow sel1sit.ivp tlie R,tream~ werc to slleh 
E,trlletlll'CN \\'bieh play most important pal'ts in the ()Cl'11l'enCe 

of oil pool", Othrr pXalllp1E's con-Iel 1)(' ~iveJl Imt were omitted. 

II is al:-,o ~hown that mUllY of theRE' lmriP(l "t1'11ctn1'e;; of n t'('heel 

or d('Hll,(l strata w(,re cli~covel'cc1 or (leicnuille(l hy plottillg r)llt 

tlie fil,ilslldace geolog~· aq r('vea1c(1 hy the wcll clrillillgs, 
Stnld 1l1'CS 0 f' these kinds were" showll to have been c1eveloperl 

and mapped hy tllc !'pccnt oil boom in tllP Texas re~ion, allrl 
pariir'uial'Jy ill 1he gljg Bend c[if.tric1 of Heel Hivct', amollg 
II"hil'l1 II ere the 21'onp of stnlC't1!rp8 !1c1jnerllt to Jjnl'kll1ll'netl, 
<]11(1 whid! had rC(,(,lItly heen mappp([ liy the Unilcd Sta1es 
BIll P!!ll of -:\1inc~. 

By trall'lposing' mapR, of thcse stl'ndlll'e~ npol1 a map of tbe 

]1i2 HeJl('! Regioll, as waR dOllE", many l'ema1'kahlc eoillrirkl1('cs 

bet werll thesE' Rtrndlll'eR and the patterlls of thc ac1jart'llt l'jYl'r 
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wera shown, It ,,,,'as shown 1hat the apex of the south wall of 
the valley of the Big Beuel ar~h practically correspollded with 
the apex of the structure of the llOrtliwest exteusiol1 c £ 1he 
Burkll1lrnett yool, and that the west crossill~ of tlw D'it!; Bend 
sand plain aud challuel was adjusted to the Hod 11 ",[oping nreh 
of this structure, and that lor this reason the llormal],)W water 
channel of tht' Red River in the Big Bend wa;;; forced down the 
n01'th side of thc slope towards the Oklah(JlJJa side whcre the 
river now is and tends to return aItel' rach (L,oe!, Additional 
evidence upon the relation of the belld of the river to the north­
ward slope of the structure 'wa,S' introclnccr1 1ll thl~ slicllJe of a 
later and m01'e detailed map made by the receivership fo1' the 
oil lands in dispute, which showed, even m,))'," clearly, the coin­
cidence between the strLlctlll'e and the river hallit8 and pu-.ition. 
It. was also shown that portions of the new and iemporary chan­
nel of the Big Bend section of the Central Seccioll ()f R;d HiveI' 
aud of 'Wild I-IOI'~e Creek illustraterl in ,q mOl'E detailed ,>,ia;y 
how rivers endeavo1'ed to follow the synclinal troughs in or 
between these structures, Other feahl"l's 0 [ the stream pat­
terns of t}H~ Central !legion whieh aSRistrcl in the loeaiioll I)f the 
channels of the J'ivers of the helted plai1ls pointed ont, lVere 
the peculiar c01J(litiom; <lpscrilwcl as the gatllPring jnndiom; of 
the riveTS, the encircle(l 0]' IlPsterl 11e;1(1:-; of the streams, wh01e­
by the laterals of each older !Sroup encircle(l the heacl~ of the 
next youngc]' g1'OUp of rivers, ane! the existenC'e across the 
state of a belt of de('lJly entr0Ilcltcc1 11wundprs as seen in cer­
tain sections of the Red, the Brazos, the ColOl'aclo, the Pecos 
and the Rio Orande, 

Snbdivisiom: of the Red Hiver, 

Red River whieh rises in the eastm'l1 ])ortion of New .Mex-

ico Up on the High Plain~ and which Hows throl1gh 01' ad-
ja cent to the northern part .of Texas until it entcrs into Louis­
iana for a distanee of six hundred and fifty miles, not count­
ing the meandenl, was next descrihed aR a typieal river of the 
High Plains, It was shown to consist of four major sections 
of different habits and habitats, as follows: '1'he High Plains, 

or Headwater Section, comprising thAt portion npon lhe High 
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Plain~ which flow::; upon or through the cap rock formations; 
the Central 8ectioll, 01' that portion whidl ilows throngh the 
Central Province, and the Entrenched 01' Grand Prairie sec­
tio11, which flows in enlarged, entrenched lobed meanders 
tlu'ollgh the Orand P1'ai1'ie Country, A still lower section 
01' sediom:, as the river proceeds to the east of Grayson 
Connty was mentioned hut was dismissed as ilmnatel'ial to 
the presellt story, The Central Section of the He(l River was 
flll ther :subdivided into three pOl'tion~, tlw upper, the mid­
dle and the lower respectively. The upper portion or the 
Central Seclion wa~ hrieflY mentioned as that portion within 
and adjaeent to the l)l"e'ak~ of the Plains, where the rivcl' 
receives a great load of sand and silt Ll'Olll the Red Bcc1~, alld 
the middle portion includes that portion hetween tilt'! mouth 
pI act.ically of the Salt\1' ork and the mouth of the Big \Vichita 
Rivet', which most eoneerll::; this ~tOl'y, while the lower por­
tion illclndes approxilllately the part below tIJe month of the 
Red Wiehila Rive]'. The middle portion of the Central 8ee­
tion ofHe<1 Hive]', as pxemphfie<l hy the Big Bend of Wichi.ta 
COllnty, and within wlJic.h lips the pheno1l1elJa ~whic.h iTIflpired 
this aetioll ,vai:l next de~el'ibed ill the following Reqnenc.e: 
'1'11e allatomy of the Valley Groove as all entirety; next, the 
outer ~wull" of the valley groove; tlle 'ueeessory featlll'es of 
the valley wa lIN, including tll e terraces, the lateral (h'ain­
nges and alluvial c.ones at lhe foot of ihe bluITS con<;ht.ntillg 
thefie valley walls, the feaillres of the valley floor inclnding 
tbe valley bench, the subordinate 1eainr(,8 01' t.he valley beneh, 
im;lnding its surfaec and tlte over-deposited fringing dnne'; 
and the hack stream valleys: next the sand plain, ,vhieh is 
the flo'od plain of a sand river, At thiN point the sand rivers 

were dCRcribed and their pceulial' habit::: explailled. It was 

shown tllat the portion of Red Rivcl' U1](ler description pos­
sessed a eombilJaiion of the hahitN of the sand 1'ivP1':-:: of the 
west. and lhc IlCHr COllstant. J'l1Il-off streams of the Central 
Prcwince. '1'he ehanncl of t.he river was next descrihcd and 
the enormous displ'oportion hetween the high an(l low water 
floods were mentioue(1. It was showll that both the chan­
nrls and the sand T)laillS werc widest at the erosRings in time 
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o[ !lood anel mU'lower at the headings. A peeulial' set 01 
returll ,Yatel' (:l1a1111eli,; wel'e HhoW11 10 exist ill the dry saIHl 
plaiH illcllg "'hieh the nood wutel'H "v ere ill the habit of return­
i11g to the 1l0lJllal or low water channel which lieH adjal~ellt 

to the 110ltll Hide of the Big 13ew1 valley owilJg' to the slope 
01 the ~alld plain in that (liredion, wIliell was shown by a 

eOlllpnJ'ison of the eOlltoll!' headiugs on each side of the river 

and as had beeu pl'etietennined by ih(; existence of' the stl'lH'-
1.111'<11 slope in thelt din'C'tioll, The <.:halacter 01 the l'lln-of[ 
01' the sil'emn di1tel'S g'1'ratly in times of' flood and low wHter 

all(l this is one of the peculiarities of sand I'ivrrs, Some 
jimes the high watl"IS lpa\'(~ the i,dream temporarily in a Hew 
or high wilter ehaliliel front which tile waters illevitably 1T­

tU]'ll to ihe 11Ol'th side of the valley and reSUllleS its aHaek 

11pOll lhe foot oj' the valll'Y wall ill that dirretioll, The l'(~­

tnrn is made hy way oJ the east or north extending rrtul'n 

sln~mn ehmmels ,IS previo1ls1y 1uelJi iOI](~(l aTIlt shoWll 11])011 tlw 

lllaps which we have illtlodllceLi. The attal:ks of the high 

1100(ls upon the west end of the vaney he11ch have caused a 
,rleeaclellec of t.he llIHl'gins of ihe latter feature whi('h m'(' 

shown by tl1e C1lt hluff':-; whieh trull(~ate that sille of the bench 
alld h~T the high wah']' dUlllnels which tem])Ol'al'iJy in times of 
tlooc1 lia ve severed ('ertain island-like features, de. A line 
markec1 llPon the lllap illllfltrated the theoretical lormer ('x­
tension or ilIP yalley hellch ncljaeellt to ihe sand 01' Hood 
plaill, and prohably l'elWpsenls the maximum developmrllt of 
,1hr latie\', No tl'lH~ islall<1:-; 01' sa11l1 hal'S exist within the 
Ill'l"[\ of tlJ(~ saml l)lain so far as (,Olllel he itlrl1tifie<l, :JltllOllg'lt 
islund like vesti~es stood at relatively highrr positiolls alJove 

the dl y lanel 1l0rlllaily not Sl1l'l'Ollnciecl hy Wit 1. e1', These false 

islands t\1'e not salldhars, hut appm'pntly rrliek of the fo]'llwi' 
olll\YClnl pxtpllsiOll of' the yalley hench 'flS proven h~r their 
ol1tlil1r~ :md lineaments which conform to ihoRe or the lllflill 

hrnrlJ ['rom ·whieh i1wy have heen RPVrl'ea :111(1 hy the fact 
thflt they al'e 110t IIp]losiis or sand srgreg;ltp<1 from the clays 
and &rravelR, as in i he ease 0 f t 11lt' hal'S in ('opious riverR, 
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Crntl'al SC'ction of the Hed Riyt'l' Not a Bral(led Stream, 

The Central Sl'dioll of the Hed RivC'r is not a braided river 

as has been allegecl, although in exceptional places it may 

sligbtly htaiil Or hranch. Braided 1'i\'e1's atC' aggrading 

stf'eillllS which will not fol1ow anyone definite challnel and 

"'hieh illwstamose ill most eomplicated pattpl'lls withollt ill[' 

se[lJhlanec to n singlr main clwnnel. 'J1he runoff im~teacl or 
returning' to a sillgle centra] or cOlltrolliug' dlannel like that 
OIl the IJo['th side of the Big Belld llsllally (li:-mppean; by 
absolption in the dry sm1ds imdeac1 Ol hy the eOlltill11011S 

rllll-nrr llletit()(l of the Wail'1'N of this section of Re(l River, It 
has been pointed ont that the Hig Bend i-ie(\tlon is llrobahly 

aggl'R(ling its (~haJlnel, and this wa:,; testified to I think hy 

Dr, GlenD. and if this 1'a<.:1, is true then the Hig Ben(l Se<.:­

hon cannot be all a!.:'gradillg' h1'ai(ll'd stream, Compal'iSolL':; 

of the c-:trealll pattelllS 01' the Big Bend of Hcel Hivf']' 'with 

those of thp Platie Hivl'l' of Xehl'aska where t11e tyrical 

hi aided :-;trCfllW'; occur' show ill] utter di:-;similarity, which waR 

rtemonstlated by figurec-: "'hic11 He'compallied the tel';timony, 
Illasmnch as the pl'e~mpposillg of the hraided stream c011(li­

tioll is a lW('eSSal'Y faetor for the ('stablislilllcut of the island 

jOillill!.:' thl'ol'Y which was illiro(lm'e(l in this ('olltention h:., 
the expcrts on the othrl' Ri(le, the ('()llnpR(~ or the laitr]' theory, 

reganlleKtl () f' ot11e1' ('yidpllee (lisPlovillg' it, Krelll:'; already ,in 
sight. 

'l'hp Big HC'llCl of the ned HiveI' 

'11 11r Bi;~~' Bend yaJ]('~" he'lleh iR a ('1'e~e('llti(' aCl'umnlation of 
lam] lIlntel':al above tlw ehaJllwl t1001' nlld 1wtwee11 the onte1' 

hOl'cler~ of tlw Sand Plain and tl1e f,'()llth lllnff of lIw valle,\', It 
lR also 1wtlY(,pn thr ('Oll\'eX "ide (Of the' valley bll1L1"i andlhe con­
CHn' ~i(le of ttl(' sin'am (~hHllllcL \\ llPl'P aC'('ordillg to the laws 
of stream c1ellOc-:itioll whidl lwve li('ell Net forth, sllcll aeCl'PtionR 
of llUll<'lial ('(Instituting the beginnings of a helleh or tenaee 
al\\'n:\'~ ()('('lll', 'rIlis lWlWh has hern m~lde hy normal accretions 
0[' o"eclill1('llj almw its sides aml from o<'l'nsiollal overIlnvYS ahove 
its ~lll'L1('e_ 'rhe 'lllrfa('e has 1wen fit timeR erownec1 llY elong­
ated willdrow li1<e climeR whi('11 haw n('('ll1lmlated UPOII ii!', 
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vpgetul carpct through the depositi(Jl] of traveled dry sand by 
1he wind. 'i'llis belldl has occupied its present approximate 
po"ition throughout a vastly lOllg period as measured ill human 
years, although modifications have from tim(' to time affected 
its sullordinatc details. There is no evidell(~e ~\Vhatsoever by 

which olle may say that the river flowed more adjacent to the 
Ronthel'll mar~in of :he hench a hllw1recl years ago than now, 
anc1 to detcrmine ,>ueh all oenwenec or the time thereof is just 
as fntile all effort as to clc:tm'mine the exaet agc of the volcanoes 
of the moon. 011 the other hand th("re are ample (widellers that 
the hench may ollce havt~ had further extension tol11e north 
1han now as is SllOWll hy the ('vidcnce)'; of the still roote(l trees 
which grew upon its fOl'mer extellsioll in that dircction ami now 
ronnel in thc dennded sand plain alld ihe almnc1allt cyi<lrnecs 
of strcam attack and plllJ1atioll along' tIle wesf end of the Val­
ley Bench. 

Ag(' of the Big Bend 

It ha" heell 8ho,nl ihat the makillg of the valley gl'oove or 
the TIi£!,' B(~1Hl sectioll of the river took place before 01' llmillg 
the Glacial Epochs wItcn there were-or d1lring the Glaeial Per­
iod at least-when there were altcrnations of larger an(1 smaller 
volumes of W,Jicl' in thc :.;t1'eam of the river dllring the alterna­
tioll:'; of the glacial and intcl'g'lacial sblgeR, eiH'h of whieh epochs 
were thOUSllds of years in duration, as I have shown ill a ta.bIe 
which ha" been elltf'I'ed i1li 0 the testimony. nn ring these 
epo('118 when the l'nnllil1g' stream was immcns,ely widcr and 
].101'(' voIllminOllS 1h~m today at Rlwh 1 iInCR of flood the axis 
,,'a' :-,traig;hter alld tlw marL;ill of the l:nrrenis tonched the 

,:outhPI'll hhlffs mllclt lower l~ovvnst,l'eam than tocl<lY. In <llter­
nating cycleR when thr :stream flow waH (1imillished to resem­

hlarH'eR of its IJreRrnt aspec1s the (~I'o:.;~il1g contactR Vi'ere farthcl' 
npstream than ill tim€' of Jar!::'e1' volnme. It is, pre,snmed that 
the stream attained its pre~cllt diminished aspects after tho 
cltlf'8 of th(' last Glaeia1 El)Och, som(' t"lven1y-five thon~and yea,]~1'; 

ago, and that the valley bench and the prcsent phenomena of 
the yalley date from that time or at least the heg'il111ings of 

t11e111, although modifications of the hlufr and £;'l'owth in the 

nOl'thc1'n 0,1' streamwarcl extension of the heneh have llndonht-
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edly occurred since that time as recorded in the character of the 
erosion of the bllliffs of the valley. 'rhe older erosion features 
of the sOLlth wall of 1he valley and the more recent and present 
el'OSiOll of the north wall of the valley on the Oklahoma side 
~how that 1he direct contact of the stream has long been absent 
from the forlller aud that it has been long eontinuous against 
the lniter thrrehy substantiating the facts previously shown by 

the ~loIJe of the Rand plain in the direction of the Oklahoma 
siele, lhe fad that the stream is usually Oll that side and that 
there al'e structural conditions which determine its position 
should 1)e on that side. 

Helrrtion of the Red HiveI' to 01her Hivers 

'l'hc work al1ll pl'Odllets of Red River are tlle results oE the 
same laws as those which contr'Ol all rivers, although th(~ eHects 
'OJ 1hese operatiolls aTe in ,some instances aherrant and differ­
enl form th08e seen in the more familial' Appalachian Region. 
Om of th(' rather tlnfamiliar effects is the work of the wind. 
It haH been 8hml'll that, the windwOl'k is almost as equally inl" 
IJOrtallt as the 'waier in its operatiOllK llPOll the dl'Y sam] plain, 
1)), leveLing its waied('ft pl'otnb(,l'<mcrs and removing ma.terial 
fl'om tIle sand plain to the adjacent land borders. The alleged 
j,slaJl(]s, as the windl'ovY-like fringing' c1nnes were considered, 
are )10t iRlanc1s at <Ill 1111t are lanel-madc lea.tures built 
ll]lOJl nle lalHl awl at timeN only when thel"P was a wide strip of 
flood plain betweeJi the valJey lwuch and the river channel. In 
fnd the ('XiNtenee of drynes.s i;; one of the esscntials to the OCCU1'­
)'r11C(' 01 ihesr dunes. rl'hel'e101'e tbey a,]'e land made alld are 
not \Yatel' mad(' and are ~lot islands at all. In view of these 
facts which 1 have' ahuudanily pl'oven, in my opinion, there is no 
ground wbatsoever fo], thp theory that the vaney beneh has been 
formed hy the allegrd process of island joining hnt 011 the 
othel' hall<l all 1he phenomena, testify to the rcvel'~e of this 
ploeess which is largely postulated upon tllP exisien,.:'p of th8 
hraic1ed ~tr('[\ III and island huilclin0: (10nclitio118 whidl (10 not 
exist in tILe Red Hiver PX(~ppt perllaps in mm::t exreptiolllll in­
stancr,", wl1ieh I havp. not personally seen. 
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Concluding Statement 

In my opmlOn the attempt to find support in geologic or 
phYiS,iographic evidence for the moving' of the channel of Red 
triver nearly a mile southward in the Big Bend Valley and 
numerous other places from the Louisiana line to the lOOth 
meridian so as to take in all the valley lapds finds no support 
whatever in nature. 
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View t£ke11 at the extreme out2r margin o f the Big Bend in W ichita County, look ing nort h west . Okla homa blu ffs 
in the bac kground . At the left of the pho tog raph is seen sand dunes of Dune series fo ur with cha racteristic veg e­
t ation. Riverward s from these dunes is a belt of level low lying newly accret ed land of more recent origin than th e 
dune s At the right a nd with 'n the sand fiat of the r iver is land t hat is being taken possession of by the growth 
of vegetation and thus being added to t h ~ mainland. Beyon d anll between t.his land an d the Oklahoma Bluff is the 
sand fiat of the riYel'. The channel of the ri ~'er passes near the Oklahoma Bluff. T h is ])hotogr a ph illustrated habit s 
of land building on the Red Riv""r . 
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Fig. 1. VIew of a moving or shifting sand dune. In this. view there is 
seen the leeward or steep slope of the dune. The sand is observed to be 
aecumulating around the base oj the small cottonwood tl ee; the grasses 
likewise are partly buried in the sand. This dune is located in the 
northern part of the Big Hen of ,Vichita County l1eClr longitude !l8° 3 S" 
1 0'. latitude :3 4 0 9" 38'. This view is looking nOl ih or slightly west of 
north. 

Fig. 2. View showing a cross section of the sand dune Illade by the 
river. In this view In:lY be seen the characteristic bedding of the wind 
shifted sands. This dune is located in the Big Bend of \Nichita County 
near longitude 98 0 :::gr' 35', latitude 34 0 9" 29'. 
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Fig . 1. View showing fan aC(~um u l ation in front of the entrance of a 
small str eam into the valley . [n the center oj the view there i s seen c1. 

relatively sti)ep bluff. This bluft where dee p , is composed of loe~s, a m a­
terial ",·l1ich altho ngh w It, stands oersistent ly as a bluff. The more 
slolli llg bluff seen in the righ t of the caris composed <'hieft ly of red clay. 

Fig. 2. View illustrating elm tree growing on fan near the Texas Bluff 
in th e Big Bend of Wichita County. The roots of this tree are buried 
110 more than a few inches, indicating but little fill dUring the lifetime of 
this tree. The age of th e tree as indicated by ring count is about 1;:; 8 
years. The depth of tlw foil Hud er th ~ tree :::pproJ..imates fOLll' loe t. No. 
26 of map of tim bel' glowth. (See llage 69.) 
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Fig. 1. View illustrating skull of a Di,on. This skull was obtained at 
the entral1C'e of a small st.ream onto the Valley plain. The locality is f'ome­
t.hing lESS than a mile upf'tream I rom the Grandfield Dridge, near longl­
tude 98 0 40" 3 5 " latitude 34 0 8" 5'. This skull was found at a depth of 
6 feet from the surl ace. As seen in this photOErallh the skull is uncovered 
but has not yet been removed trom t.he matrix in which it is still partly 
imbedded. 

Fig. 2. Depression in the Big Bend Valley near longitude 98 0 36" 30', 
latitude 34 0 8" 55', about 3200 feet from the Texas bluff. Bison re­
mains were found in this depression, a considerable part of the skeleton 
of one individual having been obtained. (See page 63.) 
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Fig. 1. View of the Red River Valley from the 'l'exas Bluff at Bridge­
town. Tho contest,ed land comprised all tho valley from the base of the 
bluff including that on which the numerous buildings are located. 

Fig. 2. View tak'.n in the Big Bend of 'Wichita County approximately 
opposite the entrance of Wild Horse Creek onto the valley. The vegetation 
in the foreground composed of dominant Cenchrus, Andropogon Bulbilis 
and Yucca is as near the climax [or this region as valley conditions would 
seem to permit. 
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Wig. 1. View of dead and dyim; cottonwood, illustrative of the generally 
unhealthful conditions upon the valley floor of the Big Bend, even for this 
usually 11al'dy tree. lJpon the uplamh; cottonwood, when planted, will 
flourish WithOllt artificial wateIing aftcr growth onCE sets in. 

Fig. 2. Another view showing unhealthful condItion of cottonwood in 
the valley of the Big BeneL. Note the young trees of various ages which 
tend to perpetuate the eottonwood in op'cn stand, even after herbaceous 
vegetation is comparatively thicl;:. 
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Fig. 1. View Ehowing the addition of ne\" land to old and the spread 
of vegetation from tbe older laUCl Ollto the sand plain. In the foreground 
is the sand plain or sand bar forllled by the rivol'. l-, djacent to this at the 
left is the dense vegetation, chiefly grass:Es, of the older land. The grasses 
are here spreading onto tho saur1 rlaiu. This view taken about one mile 
below the Hal'fieman-Wilbarger County line on the Texas side looking 
upstrealn. 

/ 

Fi~. 2. View showin~ the addition of ne" land to 0](1 and the sprearl 
(If ,egeta 1 ion onto the EalHI plOlin of the river. In tllC foreground 0; the 
picture is seen the sana plain of the river which is almost destitute ot vege­
tation. I n the central pact of the pieilJre is a warse growth of vEgetatIOn 
obtaining a start on the sand plain. Tbis view talH'1l on the Texas. sillp 
somewhat b<'low the 100th meridian, and betwe.En the 100 meridian aud 
Huck Creek Ford, on Texas siele of the ri vel' looking upstream. 
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FIg, L View showing the addition of new land to old and the spread 
of vegetation onto the sand plain, In the right foreglOunll is seell the 
sand plain or sand bar built by the river, At tll(' left in the picture is 
older, vegetation covered land, The vegetation, grasses and weeds are 
observed to be spreading. onto and tllliS reclaiming the snnd plain, Thi~ 

view taken a ShOl t distance below the Electra Bridge on the Texas sid'2 
of t11e river looking upstr?am, the :BJlec:tra P1>l lic Road Rrirl",e seen in the 
lJarkground. 

F'ig. 2, View showing th, addition of new land to old and the 81'rea([ 
of ve",l'tation lrol1l (he old land onto the new, In (he Ioregro\lnd is seen 
a part oJ: the sane! plain or sand bar, while in the ecmtral lett part of the 
llicture is seen ngetation I.,overed land, The vegetation, including grassefl 
aud weeds, is splE'ading from the older land onto t118 sand plain or sand 
bar, This view taken on the Stein Ranch in the eastern part of Clay 
COllnty Oll the Texas f;ide of tile river looking UPl'tream, 
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, -

Fig. 1. View Ehowing the add ·tio'1. cf new land to old. At the right 
is seen a bank several feet in heighth. Against this bank is thrown the 
sand Imr onto which the vegeta.Lion if> gradually Sllrea!ling. This view 
taken on th8 Standfield Ranch near the east line of Clay Connty 011 the 
Texas side of the river looking downstream. 

Fig. 2. View showing the addItion of nE'W land to old and the sprearl 
of v8getation onto the sand plain Or sand bal'. In tho c,'ntnil llart ot tlle 
llicLnre is seen th'8 sand plain or sand bar which is being oecllpied by 
vegetatIOn. To the left is been the older land againbt which the sand 
bar has been fanned. This view taken in Spanish Fort Bend in Montague 
County, en tlLe Texas side of the river, looking lijEtream. Compare this 
view with Photograph No. 3 taken in ,\Vilbarger County and not the es­
sential identity in the process of sam] bar building and extension of vegc'­
tation. 
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	Illustrations
	Fig. 1. Cross section of the Red River Valley in the Big Bend of Wichita County. Vertical scale, one inch equals 60 feet; horizontal scale, one inch equals 1500 feet. The elevations used in making the sketch are taken from the topographic map of the Big Bend, the height of the bluffs, sand dunes and other features being plotted true to scale.
	Fig. 2. Profile across a moving sand dune in the Big Bend. Vertical and horizontal scale as indicated. Circles indicate location of stations at which the elevations were taken to be used in plotting the profile. Sloping windward side at the right; steep lee side at the left. A part of the same dune may be seen in the photograph of Plate 2, Figure 1.
	Plate I.
	Plate II.  
	Fig. 1. View of a moving or shifting sand dune. In this view there is seen the leeward or steep slope of the dune. The sand is observed to be accumulating around the base of the small cottonwood tree; the grasses likewise are partly buried in the sand. This dune is located in the northern part of the Big Ben of Wichita County near longitude 98° 38" 10'. latitude 34° 9" 38'. This view is looking north or slightly west of north.
	Fig. 2. View showing a cross section of the sand dune made by the river. In this view may be seen the characteristic bedding of the wind shifted sands. This dune is located in the Big Bend of Wichita County near longitude 98° 38" 35', latitude 34° 9" 29'.

	Plate III.  
	Fig. 1. View showing fan accumulation in front of the entrance of a small stream into the valley. In the center of the view there is seen a relatively steep bluff. This bluff where steep, is composed of loess, a material which although soft, stands persistently as a bluff. The more sloping bluff seen in the right of the car is composed chiefly of red clay.
	Fig. 2. View illustrating elm tree growing on fan near the Texas Bluff in the Big Bend of Wichita County. The roots of this tree are buried no more than a few inches, indicating but little fill during the lifetime of this tree. The age of the tree as indicated by ring count is about 158 years. The depth of the soil under the tree approximates four feet. No. 26 of map of timber growth. (See page 69.)

	Plate IV.  
	Fig. 1. View illustrating skull of a Bison. This skull was obtained at the entrance of a small stream onto the Valley plain. The locality is something less than a mile upstream from the Grandfield Bridge, near longitude 98° 40" 35', latitude 34° 8" 5'. This skull was found at a depth of 6 feet from the surface. As seen in this photograph the skull is uncovered but has not yet been removed from the matrix in which it is still partly imbedded.
	Fig. 2. Depression in the Big Bend Valley near longitude 98° 36" 30', latitude 34° 8" 55', about 3200 feet from the Texas bluff. Bison remains were found in this depression, a considerable part of the skeleton of one individual having been obtained. (See page 63.)

	Plate V.  
	Fig. 1. View of the Red River Valley from the Texas Bluff at Bridgetown. The contested land comprised all the valley from the base of the bluff including that on which the numerous buildings are located.
	Fig. 2. View taken in the Big Bend of Wichita County approximately opposite the entrance of Wild Horse Creek onto the valley. The vegetation in the foreground composed of dominant Cenchrus, Andropogon Bulbilis and Yucca is as near the climax for this region as valley conditions would seem to permit.

	Plate VI.  
	Fig. 1. View of dead and dying cottonwood, illustrative of the generally unhealthful conditions upon the valley floor of the Big Bend, even for this usually hardy tree. Upon the uplands cottonwood, when planted, will flourish without artificial watering after growth once sets in.
	Fig. 2. Another view showing unhealthful condition of cottonwood in the valley of the Big Bend. Note the young trees of various ages which tend to perpetuate the cottonwood in open stand, even after herbaceous vegetation is comparatively thick.

	Plate VII.  
	Fig. 1. View showing the addition of new land to old and the spread of vegetation from the older land onto the sand plain. In the foreground is the sand plain or sand bar formed by the river. Adjacent to this at the left is the dense vegetation, chiefly grasses, of the older land. The grasses are here spreading onto the sand plain. This view taken about one mile below the Hardeman-Wilbarger County line on the Texas side looking upstream.
	Fig. 2. View showing the addition of new land to old and the spread of vegetation onto the sand plain of the river. In the foreground of the picture is seen the sand plain of the river which is almost destitute of vegetation. In the central part of the picture is a sparse growth of vegetation obtaining a start on the sand plain. This view taken on the Texas, side somewhat below the 100 th meridian, and between the 100 meridian and Buck Creek Ford, on Texas side of the river looking upstream.

	Plate VIII.  
	Fig. 1. View showing the addition of new land to old and the spread of vegetation onto the sand plain. In the right foreground is seen the sand plain or sand bar built by the river. At the left in the picture is older, vegetation covered land. The vegetation, grasses and weeds are observed to be spreading onto and thus reclaiming the sand plain. This view taken a short distance below the Electra Bridge on the Texas side of the river looking upstream, the Electra Public Road Bridge seen in the background.
	Fig. 2. View showing the addition of new land to old and the spread of vegetation from the old land onto the new. In the foreground is seen a part of the sand plain or sand bar, while in the central left part of the picture is seen vegetation covered land. The vegetation, including grasses and weeds, is spreading from the older land onto the sand plain or sand bar. This view taken on the Stein Ranch in the eastern part of Clay County on the Texas side of the river looking upstream.

	Plate IX. 
	Fig. 1. View showing the addition of new land to old. At the right is seen a bank several feet in heighth. Against this bank is thrown the sand bar onto which the vegetation is gradually spreading. This view taken on the Standfield Ranch near the east line of Clay County on the Texas side of the river looking downstream.
	Fig. 2. View showing the addition of new land to old and the spread of vegetation onto the sand plain or sand bar. In the central part of the picture is seen the sand plain or sand bar which is being occupied by vegetation. To the left is seen the older land against which the sand bar has been formed. This view taken in Spanish Fort Bend in Montague County, on the Texas side of the river, looking upstream. Compare this view with Photograph No. 3 taken in Wilbarger County and not the essential identity in the process of sand bar building and extension of vegetation.
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