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THIRD-DAY ROAD LOG, FROM TUCUMCARI TO CONCHAS DAM, 
NEW MEXICO 

SPENCER G. LUCAS, ADRIAN P. HUNT, ANDREW B. HECKERT, BARRY S. KUES and 
VIRGINIA T. MCLEMORE 

SATURDAY, SEPTEMBER 29, 2001 

Assembly point: Mesalands Dinosaur Museum, 222 

Departure time: 
Distance: 
Stops: 

East Laughlin, Tucumcati 
8:00AM 
34.2 miles 

3 

SUMMARY 
This trip explores the geology of the Canadian River 

drainage from Tucumcari north lo Conchas Dam. Here, we 
contrast differences between the beginning and the end of 
Late Triassic deposition in the vast Chinle basin, and the 
continuity of Middle Jurassic eolian deposition across the 
American Southwest. 

At STOP l we examine an unusual lithofacies of the 
Upper Triassic Redonda Formation. At STOP 2, a roadcut 
fortuitously created a three-dimensional exposure of the 
Middle Jurassic Entrada Sandstone, which facilitates dis­
cussion of M iddle Jurassic wind patterns and pa leogeog­
raphy. STOP 3 ends the fieldtrip at Conchas Dam, where 
tlJe onset ofChinle Group deposition in the western United 
States is featured. 

Mileage 
0.0 Assemble at tbe Mesalands Dinosaur Museum, 

222 East Laughlin, Tucumcari. Turn left out of 
museum parking lot onto S. Adams and imme­
diately turn left (west) onto East Laughlin. 0.1 

4.9 

' \ 

(1W 

Stop 3 ~----: ~c. 
·-..... _ ~nild1·a" Rive~ 

..,. ....... ~~_!;.-, ----
Stops 1 ifz-._____ .__ 

------•--~ 
Tucumcari,_\. ~-

1-40 

taceous Pajarito Formation. T11e late AJbian index 
ammonite Mortoniceras equidistans was found just 
south of here in the basal Mesa Rica Sandstone 
(Lucas and Hunt, 2000). 1.9 
Low exposures of Upper Triassic Chinle Group 
red-bed mudstones (probably Bull Canyon Forma­
tion) on right of road. Note Laramide folds and 
faults in this area disrupt the Mesozoic (mostly 
Lower Cretaceous) strata (see accompanying mini­
paper). 0.4 

THE LARAMIDE TUCUMCARI STRUCTURAL 
ZONE, EAST-CENTRAL NEW MEXICO 

;1 
a 
C. 
r,:, 
'< 0.1 Stop sign. Turn right (1101th) on First Street 

(NM- I 04) and proceed north. 0.3 
0.4 Move into center lane and proceed through traffic 

~ 
Adrian P. Hunt' and Spencer G. Lucasz ~ 

light at Main Street, continue straight. 0.2 
0.6 Cross bridge over railroad tracks. 0.4 
1.0 Leave Tucumcari . 1.3 
2.3 Crest ridge in dune field , Liberty Mesa at 

9:00-1 1 :00; note that to the north the Canadian 
escarpment is visible in the distance. 0.6 

2.9 Red-bed Chinle mudstones apparent beneath allu­
vium to right in roadcut are probably part of the 
Bull Canyon Fonnation. 0.1 

3.0 Cross Pajarito Creek, namesake of the Lower Cre-

1Mesalands Dinosaur Museum. Mesa Technical College, 911 South l;' 
Tenth Strcel, Tucumcari, NM 88401; 'New Mexico Museum of Natural r,q 

History, 1801 Mountain Road NW, Albuquerque, NM 87104-1375 

Northeastern New Mexico is characterized by an apparent lack 
of structural complexity and a sedimentary cover with very low 
regional dips. The only major structw·c to appear on large scale 
geologic maps ( e.g., Dane and Bachman. 1965; Clemons, 1982) 
is the Bonita fault zooe in southeastern Quay County and north­
ern Roosevelt County (Steams, 1972). The purpose of this paper 
is to demonstrate that east-central New Mexico actually has a 
more complex Laramide structural history. 



42 TIIlRD-DAY ROAD LOG 

\ \ ~Jv QUAY 
~ J 

Sabinoso ~ \ 0~~ I 
dome l' ~ ~ ~\)q_V I BRAVO 

Bell arch q,«) \ DOME 

~ HARDING] 
• Logan 

~- ~ Tucumcari 
Mesa Rica 

SAN 
MIGUEL 

- - -

GUADALUPE 
/ 

/ P 
1 

/ ~ Tucumcari 
st

r:i~~ral 
aomas, ,,/ ~ . 

I 
basin ,, ,, / Tucumcan 

<. - b , Mountain 

Newk.irk ~I 
antic~ '. 

.,_0<::-, / fault 
e:,~ , Plaza>' 

I 

Santa Rosa 

~0 1
1 

Larga 
·&0 

1 fault 0, 
/ 

/ '\ 
Pyamid Mountain 

fault 

I 
TUCUMCAR_!_1BASIN 

I 
i 

16 km ( = 10 miles) 

• Fort Sumner 

T 
I I 

r 
IJ; 

/ I 

I 
DE BACA I ROOSEVELT I 

Bonita 
fault zone; 

CURRY 

• san Jon 

"Y 

I 
J 

•Clovis 

FIGURE 3.1. Simplified structural map of east-central New Mexico showing the Tucumcari structural zone and related features (data from Dobrovolny 
et al. , 1946; Berkstresser and Mourant, 1966; Steams, 1972; and original observations). 

Steams (I 972, fig. l) provided a structural sketch of east-cen­
tral New Mexjco that implied that there were very few structures 
in the area. However, the (jttle detailed mapping that has been 
done in the area demonstrates greater structural complexity (Fig. 
3.1; Dobrovolny et aJ., 1946; Wanek, 1962). From Tucumcari to 
tbe southwest, there is a northeast-trending series of structures 
that we term the Tucwncari structural zone. This zone is bounded 
on the northwest by the Newkirk anticline and on the southeast 
by the Bonita fault zone (Fig. 3. 1). Most structural features within 
this zone trend northeast, whereas northwest-trending structures 
terminate the Tucumcari structural zone to the north/northwest. 

Neogene strata cover the northeastern and southwestern ends of 
the Tucumcari structural zone, so its full extent is unclear. 

The majority of structures in the Tucumcari structural zone are 
gentle folds that trend northeast and include, from northwest to 
southeast: (I) the Newkirk anticline of Steams ( I 972); (2) the 
Palomas basin, which we name for the structural basin mapped by 
Dobrovolny et al. ( 1946) that extends to the northeast from Palo­
mas; and (3) a northeast-plunging anticline, originally mapped by 
Dobrovolny et al. (1946) as extending from Mesa Redonda to the 
area where Revuelto Creek crosses 1-40, that we name the Quay 
anticline. There is also a northeast trend of small structural basi.ns 
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extending from Circle S Mesa in (he southwest tu the Five Mile 
Park area wt:st of Tucumcari (Dobrovolny ct al.. I ~46) that we 
term rhe Clrde S trend. This tl cnci probably represents a series of 
dfasciJullon fcotu.rcs aligned along a fa uJLzone, These structures. 
partic,;ularly lhc Quay anti'cliue. appear to influence drainage p11t­
tems in the urea. with mt>sl drainages m the southem two-thirds 
of Quay County I tending to the 11orthcast ( e.g., Plaza Larga, Bar­
ranca Creek, Tmjillo Creek). 

The Bonita fault zone is rl1e best studied slructt1rc in east-cen­
tral New Mexico (e.g., Steams, 1972: Lucas ct al.. 2000). but 
there arc also several foults In the area that have been overlooked. 
Tue most prominent of these is on the western side of Tucu11,c­
ari Mountain, where the Mesozoic sequence drops approximately 
150 m within 0.4 Ian. 1111:- structure continues under lbe city of 
Tucumcari, because tbcrn arc outcrops of the Morrison Forma~ 
tion, not mapped by Dobr-0vt1lny et al. ( 1946), in rile western 
pru1 of the city near Tucurrtcun 81ementary School, wberea~ rhe 
Chinle Group is exposed i11 ihc o.istem pa1t of the city near 
Tucumcarr Lake. Therefore, the structure rnust be northerly in 
strike an<J 1ocatcd about a third of a m1 le -from the western hnu.ntl­
ary orTI IN, R30B. Dobrovolny et al. ( 1946) mapped no fault, 
so by Implication 1buy must have a~sumcu that thi~ was the limb 
of a monoclioc. Traugcr ct ol. ( l lJ72) noted n •·st1:irp ftexure'' thut 
dropped the Chlnle GroUJ) abollt 150 m. Given the gentle dips 
of all folds in the area (Dobrovolny el .ii., 1946), aml the rrrcs~ 
cocc of the southwcst-aorthcast-tn.,-nding Bomra 1'aul1 southeast 
ofTucumcar[ (Stearns, i 972). it is Likely that the structure on tbc 
westl!rn stde ofTucumcuri Mountain is a fouh. 

Dolliver ( 1985) demonstr:ited the presence of a foull under­
lymg Pla111 Larga, north of Mesa Rcdonda. Smaller, unmapped 
faults occur in the nrca. such ns between Cirdc S Mesa a11.d Pyra­
mid Mountain, where the drag on the fau lt gives the illusion of 
a.n unguJnr unconformity between the Re<lorala Forma1ior1 al'l(t 1hc 
Entrada Sandstone. 

Tile mo.st p1'cci:,;c age for the Tucumcari stn.1ctural zone Ciln be 
derived from the Bonita fault zone. These faults cut through thl! 
U11per Cret:).ceoui- Bntlgc Creek Member of the Greenham J .ime­
stonc. which u. as young as earlies, Turonian (Lucas el nl .. 1()00), 
but they do not disrupt the Miocene Ogallala Group (Porma­
Llon). Elsewhere in east-central New Mexico, 1·bere us an u11con­
fornmy between the late Albian Pajarito Formation and the Ogal­
lola Group that is never deformed, and in tl1ese areas the struc­
tures can be less prcdscly dated. However. it is clear thal all the 
stn.ictures in the 1\1eun,eari struC'tural zone postdate the Turonian 
Late Cretaceous and pretfote the Neogene. Thi sage, tt)gether \Vith 
their northeasterly trend, suggests that they an: most Ukely relate<l 
to the Lara1nidc or('geny. 

Are these structures Lanunidc rcuclivalion~ of older features'/ 
Broadhe:1d and King ( 1988, fig. 3) produced the most accura1e 
structural map of the Prt.lCacnbnon basement in lh-is area. which 
shows a number of no1iheast-ucnding faults between nortl1wcst­
crn Curry County and 1\1cumco.ri that fonn a series of borsts and 
);,'1·abt..-ns. Activity on most of these foults had ceased by Earty 
Pl!rmian 11me ( Brondhea<l, 1984 ). 

To tbc southeast of the 1\1cum~ari struttuJal zone is tbe st>tllh ­
wcst-northea!lt-trending Prio uplift that separates the Tucumcari 
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basio from the Palo Dl!ro basin. ond to the northwest is the Sierra 
Grande uplif\ that also trends southwest-northtiilst (Broadhead, 
'I 988, fig. 1 ). Dudn.g l'.ht: Laramide orogeny, the southeastern­
clJpping Pecos shelf formed in souUleastern and cast-central New 
Mexico (Kelluy, 197 1 ). (t appears lfkely that the Laramide buck­
liog in the Tucumcari structural zone was (l restilt of this south­
eastern tilting affecting an area between two northcast-t:rco(ling 
uplifts that had healed faults with a northeast trcn<.l. Broadhead 
( 1984; Broadhead and King. 1988) and McKallip ( 1985) docu­
mented the reactivation of Paleozoic fall lts during the Laramlde. 
Kelley (1971) mapped a nl1mber of northi:ast-trcnding buckles 
(folds and/or faL1lts) ucross tlJc Pcco.s slope in southoaslurn 'New 
Mcxfoo that arc nresumably a crustal rt:spoose to the same stress 
p:ittem in a more unconfined tcrranc. 

5.3 To left, Lbe cap of Liberty Mesa is Lower Creta­
ceous Mesa Rica Sandstone overlying Lower Cre­
taceous Tucumcari Formatioh and Upp1;:r Jurassic 
Morrison Formation, 0.7 

6.0 San Miguel Connty line. San Miguel CoLlnty was 
11amed by the Republic of Mexico in 1844 for San 
Miguel del Bado, one of the oldest communities in 
the atea. It was the county seat unti I l 864, when the 
seat was moved to Las Vegas (Julyan, 1996). 0.3 

6,3 Historical marker for Fort Bascom ( 1863-1870), 
built to protect the area from Kiowa and Coman­
che Indians and to e1wourage settlement of the 
Canadian River valley. The post was first known 
as Camp Easton, aft.er Major Langdon C. Easton 
of the Quatennastcr's Department. The name was 
changed in Jant1ary I g64 in honor of Captain 
George N. Bastom, who was killed nt the Battle of 
Valverde, near Socorro. Fort Bascom was located 
in a horseshQe bend of the Canadian River. but the 
garri son of 88 men proved ineffectual. aml the post 
was closed in 1870 and the troops transferred to 
Fort Union. A civilian settlement s prang \JP with a 

--l 
post office, but this was subsequently abandon~d ~ 

after c h1111ging its name to Johbsoo (.luJ,yan, 1996 ). ; 
Note Carpenter Mesa to rjgbt at 2:00 with prom- '< 

inent whi te sandstone near its top. This saudstont.! ~ 
t..l rs similar to the Upper Jurassic Ja.ckpile Member o.. 
r­

of tf1e Morrison Fomrntiou (Holbrook et al., 1987) ~ 
and is overlain by the Lower Cretaceous Tutumcari 
Forrnalion und Mesa Rica Sandsto1ic. The Brushy 
Basin Member of the Morrison Fon11ation contains 
dinosaur fossils in thjs valley, including a complete 
sauropod ("bronto~aur'') femur. 2.2 

8.5 Cross canal, Note the low hills to the north of Mesa 
Rica San<lstone, which are much lower topographi• 
cally than the same beds on the Canadian escarp­
ment to the north. Again. this displacement reflects 
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Fl UUllE 3.2. The Hank of liberty Mesa from mile 8.9. Sandstone cliff., 
oftbe Cretaceous Mesa Rica sandstone cap th~ mcs:t ahove s lof)es devel­
oped primarily in the Upper Jurassic Mormon formation. 

8.9 

9.2 

Laramide structure. 0.4 
Road descends from eolian sand-covered bench, 
note red Chinle badlands ahead and Lower Creta­
ceous Mesa Rica Sands tone overlying Tucumcari 
Fomrntion and Upper Jurassic M orrison Formation 
to left on mesa flanks, from 9:00- 11 :00 ( Fig. 3.2). 
0.3 
Cross swale. Note Upper Triassic Redonda Forma­
tion red-beds to le ft . 

Franc isco Vazquez de Coronado was dreaming 
of fame and fortune as he led his soldiers across 
eastern New M exi co in the S pring o f 154 l . A plains 
Indian, who m the Spaniards called El Turco ( the 
Turk), was leading Coronado to the kingdom of 
Quivira. In Quivira even ordinary folk used s ilver 
spoons and golden bowls. 

Coronado did achieve fame, but n ot for getting 
rich. rather for 1101 getti ng rich. Coronado had a 
knack for not finding cities of gold. The previous 
year Coro nado had found the mythica l seven cities 

of Cibola, which turned out to be adobe pueblos 
of the Zunis. Quivira was no more promising - it 
turned out to be villages o f the Wicbitas in Kansas 
built o f sticks, not gold. 

A minor part of Coronado's fame rests on hjs 
encounter with the North American bison (or buf­
falo). Coronado's men first encountered bison in 
the Canadian River Valley of eastern New M exico, 
and they continued to see them as they j ourneyed 
into Kansas. It is difficult to imagine the impact 
of th e first sight of these magnificent animals. 
Capt. H ernando de Alvarado, one of Coronado 's 

assistants, had seen bison the year b efore and he 
described them as " the most monstrous beasts we 
have ever seen or heard about." They were so 
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nwnerous that he " did not know to what to compare 
them unless it be to the fish of the sea." Coronado's 
encounter with the bison in 154 l was not forgotten. 
Ninety years later, in 1651, Sr. Hernandez, who had 
never actually seen a bison, described this animal 
based on descriptions of the '·catt le of the Quivira 
region" written by various members of Coronado's 
exped.itio o (see accompanying mini paper). 

Coronado met Apaches in 1541 who were h unt­
ing bison. Bison provided not only meat but also 

many of the other basics of life such as clothing. 
The S paniards may have been acknowledging 
the importance of the bison when they called them 
"cibolo," which is from the same word source as 
"cibola,'' which they used for the mythical golden 

cities. 0.3 

THE TYPE AREA OF BISON BISON 
(LINNAEUS, I 758), CANADIAN RIVER 

VALLEY, EAST-CENTRAL NEW MEXICO 

Adrian P. Huot' aod Spencer G. Lucas2 

1Mesalands Dinosaur Museum, Mesa Technical College. QI I South 
Tenth Street, 1~ucumcari, NM 88401 : lNcw Mexico Museum of Natural 

History. 1801 Mountain Road NW. Albuquerque. NM 87104 

Linnaeus ( 1758) recognized two species of bison in his tenlh 
edition of Sy.~/fm11.1 Naturne - the American bison as Bns bison 
and the Buropean wisenl as Bos bo111.Js11s although he had pre~ 
viously listed them in the sixth edition (Thomas, J 911: McDOO· 
ald, 1981). Because the American bison was described in 1651 
by Hernandez (Fig . 3.3), and the European species was described 
in 1693 by Ray, the type species of the genus is tl1c American 
B. biso11. Subsequently, Bojanus ( 1827! placed cxtinci bison in 
the genus Un,s, Smith ( 1827) utilized Bi~·on as a subgenus an<l 
Knight ( 1849) accorded Bison generic rank (McDonald. 1981 ). 
Now the species bisoll and bo11as11s are placed within the genu~ 
Bison together with other species. and with B. bison as the type 
species. 

According to the l ntemational Cude of Zoological Nomencla­
ture, every nominal taxon has, "actually or potentially," a name­
bearing type specimen. In the case o f Bison bison 1hcrc is no 
actual type specimen because Linnaeus (1758) named the taxon 
based on a description published by Hemandez ( 1651). who in 
'Lum had never actually seen a b ison! Hernandez l 1651 ) based 
his description on the writings of members of Francisco Vazquez 
de Coronado's expedition, which passed throu.gb eastern New 
Mexico in the Spring of 1541. 

Hernandez ( I 651 ) explicitly statc<l that his description of the 
American bison was based on descriptions of "cattle of the Qui­
vira region" by members of Coronado's expedition even though 
other eyewitness accounts of these animals were available to him 
(Recd, l 952, 1955; Brand, 1967; McDonald, 1981 ). Given the 
lack of a type specimen of Bison bison, it is important to locate 
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FIOIJRE 3.3. Dr. Fmnci~cn Hen;md~z· 1651 illustration of the Mexican 
bull, ·•rn1m1s m1r.nrn1111.~;· which Linnaeu~ (1758) used as the basis for 
his Bos bL~o11, now JJtsm1 bisu/J (atkr McDonald. 1981 ). 

the type lo<.:ality ror lhil> species, from wh\cl1 ,1 nl:lC)t_ype :,pcci­
mcn might be collcctc<L The type locality is the nrca where bison 
were cncount1:re<l and <le.scribed hy Coronado's expedition and 
thus formed the basis of Hcmande:.i:' ( 1651) dcscnpt10n and Lin­
naeus• ( I 758) naming of the species. Four suthorii have disc-ussed 
the search for the type area of B. bison: 

1. Thomas I 1911) identified Mexico as the type area for B. 
hison. with the recognition th.ii scvcntccmh 0e,11ury Mexico 
included much of the sou1hwcst.cm United S tale:.. 

2. Recd ( 1952. I 955) identified the southem or southeaslcm 
Urlitcd Statcs as the type area because this was where European.,; 
first saw bison. 

3. I lcrsbkovitz ( 1957) reasoned that because Hernandez ( 1651) 
had cxpltctlly based his description on animals of the Quivira 
region, that the type urea shouJd be in central Kansas, which is 
wh1.111: the: Quivira villages were located. 

4. McDonald ( 1981) no<c<l that Quivira could nol be consid­
ered the type loc;1lity, The m(li11 force of Coronado's expedition 
tinn saw bison in the Canad1111i River Valley of east-central New 
Mexico and then encountered them until the force was split into 
two 11nits in West Tex.ls. One unit headed r\otth lo Quivira, where 
they reported :seeing bison uni.II they were within three or four 
days of the Quivir.1 villages. h, the next month in the Quivira 
region they did not sec, or at least did not report scemg. any bison. 
Therefore. McDonald ( 19!.<1, p. 62) concluded "considering the 
C'oronnJ1.1 expedition 's cxperietiee with bison, and accepting the 
reports of members of Hemandc-.G' mformatwn ou B. bi,)·on, tuc 
type locality is here designated as the Canadian River Valley of 
eastern New Mexico." 

Given the geography of the Canadian River area, it is clear that 
the type area of Bison bison can be further restricted to eastern 
San Miguel County or Quay County, New Mexico. Due to the 
distribution of open range lahd, it is most Likely that bison would 
be eocountercd in the plums of Quay Couoty as opposed to the 
canyon country to the west. Therefore, in conclusion, it is most 
likely that the type urea for B. bison is in Quay County, New 
Mexico. 

9.5 

9.6 
10. t 

10.4 

11.4 
12.0 

12.8 
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Road descends to cros~ creek. Note well-exposed 
Redonda Fonnation calcretes and siltstones. Cana­
dian River and associated bosque visible at 2:00, 
with Carpenter Mesa in the distance behind them. 
In this area, there are a series of northwest-south­
east-trending anticlines with low dips along the 
11011hwestem boundary of the Tucumcari structural 
zone. 

The Canadian River has a couple of very unusual 
characteristics. Its headwaters are in the Sangre <le 
Cristo Mountains of Colorado and New Mexico 
from whence it flows almost due south, bul al Con­
chas Lake it takes an abrupt 90" turn to the easl. 
Also. on the Harding and Morn County boundary, 
the Canadian is entrenched in a 1 50-m deep canyon, 
whereas here the river lies in a broad floodplain. 
The strnnge bend in the river is the result of the cap­
ture of cast-flowing tributaries of the Cat1adian by 
the Pecos River during tht middle Pleistocene. and 
the incisio11 occul't'ed mainly in the late Pliocene­
early Plcistocem: as a result of epeirogcnic uplift 
and climatic changes (Dolliver, 19X4). 0. 1 
Cross Road Creek tributary. 0.5 
Red-beds adjacent to the rond are Upper Triassic 
Bull Canyon F'ormati.on. Look left to see unco11-
fonnuble contact between the Bull Canyon f orma­
lion and Lhe overlying Redonda Formation. Road 
drops into the Bull Canyon Format.ion. 0.3 
Cross another tributary of Road Creek. Badlands 
for next mile on left and right are developed in Bull 
CanyQn Formation. 1.0 
Crest alluvium-capped ridge. 0.6 
At 3:00, note salmon-colored, ribbed cliffs on point 
of mesa. These are strata of the Jurassic Summer­
ville Formation (= type Bell Ranch Formation). 
The tcm1s Bell Ranch Fomrntion (Griggs and Read, .., 
1959) and ··tower member" of the Mor't'ison For- ~ 

C. 
mation (e.g., Wanek, 1962; Trauger and Bushman, 6. 

"" 1964) were long used lo refer to strata in cast- '< 
:::0 

central New Mexico properly called Sununcrville g 
Formation (Anderson aud Lucas, 1992; Lucas and :=; 
Anderson, J 998). These strata occupy the same ~ 
stratigraphjc position and are remarkably similar 
lo Summerville strnta further west. Thus. Summer­
ville strata in east-central New Mexico are as mucb 
as 30 m thick and consist of thinly and repetitively 
bedded, fine-grained sandstone, gypsum, silrstone 
and sandy mudstone. 0.8 
At l 0:00. Middle Jurassic Entrada Sandstone crops 
out as tan sandstone overlying Upper Triassic 
Redonda Formation. 0.6 
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13.4 Ledges of ripple-bedded Upper Triassic Redooda 
formation on left. 0.9 

14.3 Mesa Rica at 9:30- 12:00 to left. of highway. Mesa 
Rica (Spanish for "rich mesa") is said to have been 
named for the treasure of a group of '49er's ret11m­
ing from California who were massacred by Jndi• 
ans, or possibly for a gold-bearing btmo train that 
met a similar fate. In either case. the loot was 
hidden on the mesa and has yet to be found (Julyan. 
1996). 1.2 

15.5 Cross Johnson Creek. Note gentle fold in Mt:sa 
Rica Sandstone on mesa to north, another Lara,nide 
structure. 2.3 

17.8 For the next 0.4 mi, excellent red-bed exposures, 
with prominent eolian sandstones on right, just 
below road are Upper Triassic Redonda F01mat10n. 
0.7 

18.3 STOP 1. PulJ over and park on right side of 
road. This stop affords us a close examination of 
an uousual lithofacies of the Redonda Formation­
-massive, lateraJly continuous sandstone--and our 
discussion is based largely on Hester (1988). This 
sandstone lithofacies (Fig. 3.4) is composed of ve1y 
fine to medium grained, moderately sorted sand with 
minor amounts of coarse sand and occasional wood 
-fragments. Vertical and sub- horizontal Scoye11ia 
gracilis burrows are sometimes present in the 
otherwise structureless sandstones. 

These sandstones occur as laterally continuous, 
40 cm to 13 m thick, single bed units, although 
average thickness is 1.5 m, Some sandstone beds 
persist at the same stratigraphic level for as much 
as 24 km. Lower contacts are irregular due to load 
casts, but spheroidaJ weathering accentuates the 
irregularity. Locally, small (2-3 cm wide, 10- 100 
cm long) sandstone dikes may taper downward and 
branch or be of consistent thickness as they project 
down into underlying mudstones. Upper contacts 
are sharp. Burrows on the upper surface are filled 
with overlyi1lg mudstone. 

Lack of traction structures within these sandstones 
could be attributed to: {I) destruction of primary 
bedfonns by organisms, (2) homogeneity of sand, or 
(3) deposition where currents or waves did not a·lfect 
sediments. The well-preserved, distinctive character 
of the bwTows, rather than a totally bioturbated 
fabric, rules out the first possibility. Although not 
abundant, the occurrence of some coarser material 
indicates transport enetgy sufficient to carry coarse 
sand. Wood -fragments might float until they beca111e 
waterlogged and sunk. Once deposition took place, 

FJGURE 3.4. l-h.1.1UJner restS on massive .~ands1oue ltthofacies of the 
Upper Triassic Redonda F'ormation at Stop l . 

this coarser material was not reworked into traction 
structures. suggesting that once deposited, massive 
sat1dstones were not influenced by moving water. 

The overall environment of deposition of the 
Redonda Formation was lacustrine (Hester, 1988). 
Coarse materials can be carried into deep lake waters 
by river plumes (un<ler-,intcr-, and overflows), 
turbidity, or slumping processes. If episodic 
turbidity currents deposited .these sands, some 
traction structures wou ld be expected. Slumps 
would generate structures indicative of rapid 
deposition such as dewatering structures, but 
homogeniety of the sand and fine grain size 
might obscure such bedfonns. Density flows from 
rivers transpoti fine sand and silt into a basin 
on a continuous basis. This massive sandstone 
lithofacies of the Redonda Fomrntion thus contains 
evidence of continuous deposition (bioturbation), 
but lack of other strnctures make the pi•ocess that 
transported these sands difficult to identify. 

After stop continue west on highway. 0.9 
19.2 Old road to abandoned rest area comes in ftorn left. 

This area is known locally as "The Narrows:' 0.3 
19.5 STOP 2. Pull off on right after crossing small 

creek. Middle Jurassic Entrada Sandstone well► 

exposed in road cuts with bouldery alluvium above 
(Fig. 3.5). Note the Upper Triassic Redonda For­
mation-Middle Jurassic Entrada Sandstone contact 
on right side of the road. The uppermost Redonda 
bed is moderate reddish brown, silty, very fine­
grained calcareous litharenite, whereas the basal 
Entrada bed is moderate orange-pink, fine-grnined 
ca'lcareous subarkose. 
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B -
FIGURE 3.5. The Middle Jurassic Entrada Sandstone at Stop 2. A, Over­
view of Entrada roadcut. B, Close-up of eolian foresets. 

The Entrada Sandstone accumulated in a vast 
sand sea ( erg) in the American Southwest during 
the Middle Jurassic (Bathonian-Callovian) (e.g., 
Kocurek and Dott, 1983; Blakey et al.. 1988; Lucas 
and Anderson, 1997). This erg covered pa11s of 
eastern Utah, southern Wyomfog, northeastern Ari­
zona, much of Colorado, northern New Mexico 
and western Oklahoma (Fig. 3 .6). Eolian depo­
sition of the Entrada js inferred from its fine­
to medium-grained, well-sorted, subrounded sand 
grains, wruch typically display large scale trough 
crossbeds. Crossbed azimuths indicate regional 
paleocurrent (wind) d irection to the south and 
southwest (Poole, 1962; Blakey et al., 1988). 

This Entrada outcrop here is s ignificant for three 
reasons: 

I. It preserves only dunal and interdunal facies 
of the upper member of the Entrada Sandstone, 
the Slick Rock Member. These are characteristic 
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FIGURE 3.6. Simplified paleogeography of New Mex.ico during Entrada 
deposition. 

deposits of the vast Entrada erg. 
2. Paleocurrent azimuths (foreset dips) here are 

to the east (Fig. 3.7), which is somewhat anoma­
lous for the regional paleowind patterns. 

3. The absence of the lower, Dewey Bridge 
Member here, and across eastern New Mexico, 
means we are landward of the Carmel transgres­
sion. The Dewey Bridge Member is the paralic 
facies of the Carmel seaway, which transgressed 
into central Utah dming the Bajocian-Bathonian. 
In New Mexico, the easternmost outcrops of the i 

0.. 
Dewey Bridge Member are at Placitas and in the 6.. 

:,;, 
Hagan basin of north-central New Mexico (Lucas '< 

et al., 1995; Anderson and Lucas, 2000). Trus is g 
thus the easternmost extent of the paralic facies of o.. s the Cannel seaway oq 

After stop continue west on highway. 0.7 
20.2 Crest rise; note Mesa Rica is ahead south of the 

rughway. 1.1 
2 1.3 Currently driving on Middle Jui-assic Entrada Sand­

stone bench. Note at 10:00 that SLLmmerville For­
mation forms a ribbed slope overlying the Entrada. 
0.2 

2 L.5 Descend into Upper Triassic Redonda Formation. 
Note contact of Bull Canyon and Redonda forma-
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FIGURE 3.7 Rose diagram of crossbed azimuths in Entrada Sandstone 
at Stop 2 . 

tions on right. The calcrete that is well exposed 
on the left s ide of the road is the basal unit of the 
Redonda Formation. Note the differences between 
the two units in the outcrops to the right of the road 
as we descend the hill. The Bull Canyon Forma­
tion has a more brick-red color, and contains more 
mudstones and lenticular sandstones. 0.8 

22.3 Cross AJamosa Creek. 0.9 
23.2 Crest ridge; to the north (right) the lower breaks are 

developed in the Upper Triassic Bull Canyon For­
mation. Beyond, c liffs of Carpenter Mesa are red­
ribbed Upper Triassic Redonda Formation overlain 
by salmon-colored Middle Jurassic Entrada Sand­
stone and Summerville Formation under a slope of 
Jurassic Morrison Formation capped by the Creta­
ceous Mesa Rica Sandstone. 1.5 

24.7 Cross Corralitos Creek; badJands up creek and 
along the road for the next mile are Upper Triassic 
Bull Canyon Fo1mation. 2.5 

27.2 Crest low ridge. Note low badlands developed in 
Upper Triassic Bull Canyon Formation to righ t in 
~ont of Jurassic-Cretaceous section on Carpenter 
Mesa. Outcrops in this area have yielded fragmen­
tary rema.ins of Triassic rept iles, including nwner­
ous teeth of phytosaurs and dinosaurs. 1.3 

28.5 Cross creek. Sandstone exposed in the floor of the 
creek bed may be the top of the Upper Triassic Tru­
j illo Fonnation. 0.9 

29.4 Butte at 9 :30 is made up of red-bed Upper Triassic 

30.3 
30.9 
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Bull Canyon Formation. 0.9 
Enter greater Conchas Dam metropolitan area. 0.6 
Junction with NM-433. Turn right to Conchas 
Dam State l>ark. 0 .3 

CONCHAS AND UTE RESERVOIRS 
AND WATER ISSUES IN EASTERN NEW 

MEXICO 

Adrian P. Hunt 
Mesalands Dinosaur Museum, Mesa Tecbn.ical Colleg~. ~1 l South 

Tenth Street, Tucumcari, NM 88401 

The history of dammed reservoirs in eastern New Mexico dates 
back to 1912 to the design of the first Tucumcari Irrigation Proj­
ect, which would, if completed, have involved the construction of 
two dams on Pajarito Creek. In 1925, the Canadian River Devel­
opment Association was funned to push for a reliable source of 
irrigation water in east-central New Mexico. After many years of 
lobbying, Congress passed the Flood Control Act in 1936 that 
authorized and appropriated funds for the construction of Conchas 
Dam. ln 1937, the New Mexico Legislature approved the fonna­
tion of the Arch Hurley Conservancy District. The Corps of Engi­
neers finished Conchas Dam in 1939, which was the flood control 
portion of the project, and by 1954 the Bureau of Reclamation had 
completed the irrigation component of the project (Geyler, 1998). 
The total capacity of Conchas Dam is 318,000 acre-feet at spill­
way crest elevation, but about 68,000 is inactive storage below the 
invert elevation of Conchas Canal (Mutz, 1998). 

The Arch Hurley Conservancy District utilizes approximately 
40 mi of main canals and 350 mi of smaller ditches and laterals to 
deliver 1.33 acre feet of water to 42,000 acres of land. However, 
while yields from irrigated lands are greatly elevated, the irriga­
tion is used to produce the same crops grown on a "dryland" basis 
on adjacent acreage, so the full potentiaJ of the project has yet to 
be reaLized (Geyler, 1998). 

The Entrnda Sandstone aquifer west ofTucumcari has remained 
essentially stable since 1943 (Wilson. 1998). However, this aqui­
fer has been recharged by leakage from the Arch Hurley canal , 
and proposals to line the canal fully could adversely effect this 
aquifer, which provides all of the water for the city of Tucumcari. 

Vte Dam and Reservoir were authorized by the New Mexico 
State Legislature in 1957, and the initial stage of construction was 
completed in 1962, with a total capacity at spillway crest eleva­
tion of about 110,000 acre-feet. In 1975-19.81, the New Mexico 
State Legislature authorized funding for additional oonstruct1on 
to increase the reservoir capacity. By 1.984, the expansion was 
completed, and the capacity increased to 272,000 acre- feet. This 
increase in size resulted in a lawsuit by the states of Texas and 
Oklahoma over the tenns of the Canadian River Compact of 
1950. This suit was settled by the United States Supreme Court. 
utilizing a Special Master, in 1993 (Mutz, 1998). 

Two multi-million dollar projects will result from the con­
struction of Ute Dam. The first is due to a problem at Lake Mere­
dith northeast of Amarillo, which provides a major portion of that 
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urh:m area ·s municipal and industrial water. Lake Meredith llus 
chloride level,; ,IS high as 350"'4.:SO mg/I as a result of the inflow of 
1Jat11raJ brines into the Canadian River Lil B six.-mill" stretch from 
Ute Rc,;crvvi, rt, R.avudto C11.1ck. Tirn brine originates frmn the 
dtssolutio11 of' Pennhm sults lhal now upwa1·d from an artesi.1Jl 
brine aquifer in the lower Chink Group. Many factor:; influence 
rhc locatiM1 and rM.es of intl<,w Into the Canadian River. but 
there is strong evidence lh:11 the enlargement of Ute Reservoir 
increased the rate of gn.lUndwatcr brLOe 1nOow. Two projects aim 
to aHcviate the chloride problem. First, there will be a large well 
field in an undovcloped portion of rhc Ogallala aquifor 111 Roberts 
County, Texas that wiU proVJdc low cWoride waters to be blendc<l 
with those from Luke Mcr~ith Si:cond, there is tl,c Lake Mer­
edith Snhnity Control Proj"ct. wbh;h uwolves the dnlling of l I 
woll& ne:tr Logan to depths of 110 to 260 It Brine from these 
wells wlll be transt'errcc.l hy ~ hurh;:J ('li('lclinc south of the river 
10 a facility wbcrc the wntcc w 1li be ,njcctec.l 3J00 feet down into 
Pakozoic .~trata. TI11s project is a cooperative effort of the Bw-c.au 
or R.eclmoation. tlle Caoa<lian River M1.mici[1itJ Water Authority 
and Lbc Texas Water Development Boord and will cost about $(),5 
l'ni llion (W11s<'>n :ind Esparza, 1998). 

Wilson and Espa17,a ( 199X) dctall the Lake Meredith ~alinlty 
C\mltol Proj1::ct and demonstrate that ii rs utiliz.ing unconven­
tinnal str:itigr:iphic nomenclature. First. they interpret lhc- Trias­
SIil ~cquencc -i.n the Ute Dam area to be l'rujilfo Sandstone of rhi;: 
Santa Rosa Fom1atfon overlying Uic Tccovas Sandstone of lbc 
Srm1.;1 Ros.i f'ormation . In fact. the bedrock around the dam is 
more properly oonsitlcrcd the Trujillo fonnation of the Cninle 
Group. The Trujillo bas never been a member of lhc Santa Rosa 
F1H1nation. TJ1e T11covas Formation is not present in New Mexico, 
and has never been considered a member oflhc Santa Rosa For.­
marion. The mudstoae-dominated Garita Creek Formation ta1dcr­
liC$ Ult! TruJlllo Formatiou. a.ud it is lik-cly lh,:1t t)w "Tccovas" is 
actually rtie lower Trujillo Fonnation, Wilson and Esparza ( 1998. 
lig. 4) show U1c TrujiUo scp1U1.1tcd from U1e .. TecovasH by a "con­
!lJ1U1~ .sbo.lc.'' II is likely that this is j'ust om~ of ma.ny mudstone 
fntOf\lnl~ within the Thujillo Fo1·ma1ion. Also, Wilson and Esparza 
t 199~) note Utal the brine wil I be Injected into the Pem1sylv.1nlan 
Saogre de Cristo Fonnntioo. 'This unit is not present in the subsur­
face of Lht! 1\1eurncaJ'i basin ( Broadhead aud King, 1988 }, and it 
is likely that the unit in 4uosuon 1s lhe Permian Abo fom1ution. 

A second major project involving Ute Reservoir is lhc eastern 
N1.-w Mexico Water Supply ProJect tbat has heeo know,, by n 
number of name:- over 40 years and whose aim is lo deliver waler 
from Ut~ Reservoir 10 commt-1oi1ics in uast-ct:1,n·:11 an<l souchc.1.,_1. 
cm New Mexico (Martinez, l \198). rhis 1s especially importanl 
giwo the nh1rmiog (but predicted) depletmn of the Ogallala aqui• 

f'e-r, whfcll bus a lifetime of from 33 year/! it1 Cuny Couo(y to 
40 years ,n Union County (Wilson, 1998). In I ~>83, the City of 
1\Jcumcan conin:icted with tht' Interstate Stn:am Cf1mmission tor 
34011 ilcre-fect, Subsequcnlly, in 1987, the Ute Wuter Commission 
was fom1ed and involved county commissions from Quay, Curry 
and Roosevelt counties as weU as major and minor comm um ties in 
these- counties. The co1mnis~ion is actually a joint powers 13grec­
men1 emlty allowing a sharing of uuthori ly nmong local jurisdic­
lloos and the !!astern Plains Council ofUovcmmcnts. ln [987. the 
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Unilcd Stlltcs Congress 11.ppmpriatcd $300,000 for an cngfoeerin~ 
study of the Quay Coumy r orti1)h M 11 proposed p1pdine Uwt 
would go south from Ute Lake lo Rooscvcll C'ouncy. Ute Lake's 
total yield i$ estimated to he 24,000 acrc-foel, Current estimates 
by Smith E1igi11cerillg put the 1otul cost of the project. mv<1lvini_r 
u plpellne from Ute Luke us fur south as Elida. and including the 
daunting prospect of raising water ur the Liane, fatacaJn, 11t S'Zl 2 
million wich 90% pall! by ~,ate and tedera1 ~ources. 

/\I 1bc lime of wnt.mg (Jamrnry 200 I) 1.he Ute pipeline projtlct 
ts mired in acrimo1,y Logan threat.cos lawsmts becuuse of the 
economic impact on tourism oflowcrcd lake levels. Q11ay Co1rnty 
JS c.or1sidering lts own ptpcl.lne at an estimated cost of $8-l O mil­
lion. principally because a shurntl pipeline lo C'lovrs and PortuJes 
woulu be (oo Large (and expensive) to accommodate peak demand 
in thc~c urban areas. Tucumcari cum~nrly reserves nght.s to (fne 
quart.er of che water tc~erved hy the commission_ but unJt:r the 
full plan Ibis would cost t.llis small community $25 111ilfjo11 f)Cr 
year for 20 years. Twt, things arc clear: (I) th(' Ogallalo nquifer 1s 
1war tl1c cn.d ofit.s life. uatl tile Htgb Plains communities arc going 
lo need to find their wa.t.er somewhere else. so Tucumcari may 
face a depleted aquifrr; :ind (2) if hy 2006, the Ute- W..iter Coro­
mission does nol unpleml'.Ol ;:i plan, otl,er e1t1itics such as U1e C'iry 
1)f Albuquerque will most assuredly bu.y the Ute water dghti!. 

3 1.2 Lodge Roat! inter.section. Continue straight .. 0.1 
31.3 Road forks. stay rigbC. goiog north by dam. 0.5 
J l .8 P:trking area and i11forruation stgn 10 right; note 

sandstones of Upper Triassic Trujillo Formation 
over mudstoncs of Upper Triassic Gnrita Creek. 
Fonnat'ion in slope to right. An incomplete phy­
tosaur jaw was collected from these Garita Creek 
outcrops. 0.2 

32.0 Trujillo roadcuts to right. Darn lo left. 0.8 
32.8 Intersection witJ, road lo Conchas recreation area. 

continue straight. 0.8 
33.6 Drive along crest of dam, turn hard right and 

proceed int.o parking lot. O.I 
33.7 STOP 3. Coud1as Dam (Fig. 3.8). For information -1 

on Conchas Dam and the State Park see the accom- ~ a 
panyi:ng r11inipaper. The bedrock exposed .it Con- g-
chas Dam is the lowest strata of the Upper Tria.ssit; '< 

::0 
Chinle Group, 1.he Santa Rosa Fom111tion (fig.3.9), i 
ln east-central New Mexico, the Santa Rosa for- o.. 

rnation consists of three members. The basal Teco- f 
lotito Member is \Ip to l 04 tt thick and is niostly 
grayish mange, trough-ctossbedded and ripple­
laminated quartzarenite. The overlying Los Esteros 
Member is as much as 134 ft thick and consists 
of yellow and reddish brown mudstone with minor 
quartzarenite. The Tres Lagunas Member is up to 
140 ft .thick and is composed of orange an<l yellow-
ish brown, crossbedded quartzarenite, 

Conchas Dam is anchored ju the sandstone-dam-
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FJGURE 3.8. Construction of Conchas Dam i.n 1939 (courtesy ofMusem 
ofNe-wMexico, negative59160). 

inated Santa Rosa Formation, and when the dam 
was built these strata were informally termed the 
"canyon sandstone" ( e.g., Matthes, 1936). Spiegel 
( 1972) correlated this sandstone interval to the Tru­
j illo Fom1ation of West Texas, which is in the 
middle of the Chinle Group, but other workers 
( e.g., Griggs and Hendrickson, 1951; Wanek, 1962; 
Dane and Bachman, 1965; Kelley, 1972; Lucas et 
a l., 1985a) have assigned it to the Santa Rosa For­
mation. Recently Fritz ( 1991 , p. 110), in a regional 
study of the Santa Rosa Formation, concluded "it 
is not possible to determine whether or not the 
'canyon sandstone' represents a member of the 
Santa Rosa Formation." 

Actually, a ll three members of the Santa Rosa 
Formation named by Lucas and Hunt (1987) make 
up the "canyon sandstone." A detailed measured 
section on the north bank of the river, at the point 
just downstream of Concbas Dam, makes th.is clear 
(Fig. 3.9): 

l. The top of the section, the strata on which 
we are standjng, are IO ft or more of red-bed mud­
stones, siltstones and ripple-laminated sandstones 
at the base of the Upper Triassic Gari ta Creek For­
mation. Tetrapod footprints are present in these 
strata (see accompanying minipaper). 

2. The underlying cliff is grayish orange and pale 
yellowish brown sandstones that are trough-cross­
bedded and tipple-laminated quartzarenites above 
a 7-ft-tbick calcrete-pebble conglomerate. These 
strata are ~30 ft thick and are readily assigned to the 
Tres Lagw1a Member of the Santa Rosa Formation. 

3. T hese strata overlie ~40 ft of red-bed mud­
stone and pale reddish brown, very fine grained, 
ripple-laminated sandstone that belong to the Los 
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FIGURE 3.9. Measured stratigraphic section of Santa Rosa Formation 
at Conchas Dam. See Lucas el al. (this g11idebook) for a more detailed 
description of this section. 
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Esteros Member of the Santa Rosa Formation. 
4. Underlying sandstones are pale yellowish 

brown, trough-crossbedded quartzarenites above 
a distinctive extrafonnational conglomerate (Fig. 
3.1 0). Clasts in this conglomerate are extrabasinal 
lithics, Paleozoic limestones and quartzites up 
to 6 inches in diameter. This is the extrabasinal 
conglomerate characteristic of the base of the 
Chinle Group throughout the western United States 
(Lucas, 1993). This basal sandstone and conglom­
erate interval, ~40 ft thick, is thus the Tecolotito 
Member of the Santa Rosa Formation. 

5. Just above river level, the base of the exposed 
section is pale reddish brown mudstones and silt­
stones of the Anton Chico Member of the Moen­
kopi Formation. 

After stop proceed out of parking lot. 0.1 

THE FIRST VERTEBRATE TRACK 
(BRACHYCHIROTHERJUM) FROM THE 

UPPER CARNIAN GARITA CREEK 
FORMATION, EAST-CENTRAL NEW MEXJCO 

Adrian P. Runt• and Spencer G. Lucas1 

1Mesalaods Dinosaur Museum, Mesa Technical College, 911 South 
Tenth Street, Tucumcari, NM 88401; :New Mexico Museum of Natural 

History, 1801 Mountain Road NW, Albuqeruqe, NM 87104- 1375 

Late Triassic vertebrate tracks in eastern New Mexico are 
restricted to the Norian Bull Canyon and Redonda formations 
(Hunt et al., 1993). Here, we report on the first late Carnian tracks, 
from tbc Garita Creek Formation. The Garita Creek bas otherwise 
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FIGURE 3.10. Basal, extraformational conglomerate of Tecolotito 
Member of Santa Rosa Formation at Conchas Dam. 

yielded a vertebrate body-fossil assemblage that is of Adamanian 
(late Camian) age (Hunt el al. , 1989; Hunt and Lucas, 1993). 

The tracks are preserved in a 0.4-m thick bed of ripple-lam­
inated and mudcracked, pale reddish brown, fine-grained mica­
ceous 1 itharenite sandstone about 2.5 m above the top of the Santa 
Rosa Formation. A single in situ slab preserves a partial trackway 
of a quadrupedal tetrapod. One pedal and manual pair of tracks 
arc preserved well enough to be identified (Fig. 3.1 I). The tracks 
arc preserved in convex hyporelief. The pes impression is 130 
mm long and 108 mm wide. There is a well-developed postero­
medially-directed posterior extension of the track, giving an over-

.---, 

1 cm 

FIGURE 3.1 1. Track of Brarliychirolherium in Garita Creek Formation at Conchas Darn. 
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all L-... t,:ipc lo the pes ltnpression. Then: is a distinct postcrolar­
eral digit impression that is Miented anternlaterally. Antc-rolat­
era)ly. there arc the impressions of an nddftfonal three. rO'Umled 
digits. The rnanus lmrre.s.sloa l.s ovoid in r,;hapc, with a ma.xi.mum 
length und width of 37 mm and 32 mm, rcspoctivcly, Jt is 11,lCatcd 
:.uucrior to ilie miuline of the pcs impression. There ls a :;ecood. 
very poorly preserved pcs impression on the slab with a pace of 
3 1 cm. The trackway is trcndin~ 242~. 

11hc vertebrate ichnofaw1a uf U1e C'binlc Group of WC!\'lCfll 

Nortl, /\mcrica has been well-studied (e.g .. Conrad ct al.. 1987. 
Hunt ut ul., 1993; Lockley and Hunt, 1999). Then:~ ls only one 
know11 large (pedal length >100 mm) qtmdn.1pcdul tracktypc with 
a 11,arked disparity between lhe size of the pcs and manus impres­
sions, and tl111t is Brachy<.:h/rol/113rium. Further, the lateral tlirct 1ion 
of the pes digit impre11sio11s distinguishes the Oanta Cre1.1k truck 
from other known Lute Triassic tracks that have lal'ge pes tmprcs­
slons and ~mall manus imprirH!>, "uch as ,iputnrms and Aflt' tpus 
(e.g .. Baird, 1957; Olsen anJ Baird. 1Yl'<6). The ru:urow gait of the 
Ganta Creek specimens ts alsiJ consistent with Lhat. of Brad1yd1i­
ml/ter/11m ( l),g,, Lockley et al .• l 987. fig. 5 A), Thus, we consii.lcr 11 

most r,arsimonious to assign 1hc GariL.l Creek track to Braclryd1i­
roth1lrl11111. l3raclrychiivcheriu111 is conveationalty cons.idercd to be 
tho ttack or a <luri'ved crurotarsan sucb as au 1.1etosaur. 

Tbis occurrcrn.:c is the nnn of n tetrapod rrack ftom tile Garita 
Creek Formation and the flr-3t f'rulll the late Carman o1' easlern 
Nc.w Mexico. Indeed. tbc m!IJOt',ity of UK~ tracks known from the 
Chinlc Group arc from the uppem1ost Norian ( ;\pachean) strata 
ill Colur::i<lo, Utal:i. Arizoua aud New Mexico (Hunt and Luca~. 
19~2). Only tru·ec late Camian tetrapod rrae1<si1es are kriown thnn 
Ad:unnnian s1rn.1a of we. tern North America, compared to more 
than 6U from the Arachcan (Santucci ct al., 1994; Lockley and 
Hunt. 1999). 

CONCBASLAKE STATEPARK 
Virgjnis T. McLemore 

New Mc:~co Bure11u oft'ieology Jnd Miner.ii Resources, New Mc:,.;ico 
Te~h, Socorro, NM !!7801 

Conchas Lake State Park (Fig. 3.12) was established in 1955 
and named aflor the Conchas River, one oi the triburaries M the 
Canadian River. Conchas is Spanfah tor sheUs nnd was applied 
to a _group of Indians li'ving in tl1e area when seventeenth cent'µry 
Spanish explorers arrived. The word conchas also may be a cor­
rupted name tbat is confused wi1h the Spanish W<wd conchos. :l 

term also used to describe 1he Native America11 tribes ill notthern 
New Mexico tJulyan, J 1)96). 

The dam tha1 forme,1 Conchas Lake was the seventeenth dam 
in the country buihby the U.S. Anny Corps of Engineers (YoLlag. 
l <lX4). Jt is ooc of t:hc state'$ old.est dams, cun1plctcd in 1939 to 
cOhttol tloods, store water for irrigation and local supplies. 1111d 
a.--sist in local economic recovery from the Depress1on (Welsh.. 
19$5) More lhau 3000 people were employed to build lbe dam. 
rhe sLrUcture 1s a concrete ;ind carth.:n dam that is- 235 ft high 
and l250 fl lor\g, The lake has a reservoir capacity of 528,C)S I 
acre feet of water ru1d sediment. IL extends 14 mi upstream of 
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the Canadian River and 11 mi upstream of the (oncJias Ri\'~. 
Thti toial CO$! of land purchases. const.n.1c1ion and maiotcnar1cc 
amounted lo nearly $1 S.t< mil llon (Young, 19X4; Welsh , 1985), 
Water from the lake ts used. to irrigate 4 1,400 acres of farmlru11l 
of tho 'l'ucumc;iri lttig;itiCJO Pro1ec1 and travels lh.Nugh 300 tni of 
canuls and lmerals. 

Conchas Lake State Park ranges in elevation from 4150 10 

4250 ft above sea level and occupies 1160 acres ol' lanJ at1d 9000 
a1,:rcs 0f water (surface). Only three sites are administered by the 
State Parkii Department (Northsidc. Central. and South): most of 
the land surrolmUing: C'onchas Lake is private ( Fig. 3.12), 'l'he 
U. S. Anny Corps oJ Eogrneers a.dmlmstcrs a clay-use s.ite nnd 
a visitor's center (open Dn weekdays). All of t.hc water is open 
~o rhc pllblic, .Sandy bc;:ichcs arc separated by rocky hcach\!S an<l 
offer a diversity of oppo11unlt11.!s apprectat~ by both sw1mmers 
and fisherman. Coves 2bound and provide solitude. oven during 
busy holiday weekenJs. 

Rccn:ational activities include lukiog., p1cn1cking. camping, 
swimmi11g, fl."hing, l;ioating, saflinH, scuba diving and w~lcr 
skiing. Camp and picnic sites ~re ulong the lake ui; wc-tl :is Jlong 
n.ills and mesas above water level. Launchi11g ramps t'ur boats und 
a marina are available. The State Park Office ,s located at the 
Northside- Recreation Arca. Tbc State Departmen t oJ' Game and 
Fish St6cks tbc lake with walleye pike, small• and large-mouth 
bass, cat-fish. crappie, bluegill and rrorthem pike, A playground. 
golf course, lodge. seaplane landmg area, paved airpon and full 
restroom facilities with shOWl!fS, water un<l elt:citieul hookups ace 
availllbk·. Scuba diving is popttlar. Cannon Air Force Base also 
h[IS a small recrca1.ion. area for ll\ilit,lry personnel. 

Arrowhead:., stone tools and pottery shards found throughout 
the area rum'ind us that prehistoric man probably inhabited the 
area long ogo, Arrowheads found in now cxti11ct bison indicate 
that Folsom man, named for the town in Union County, lived 
north o l Conchas Lake about 8000-10,000 years ago, Petro­
glyphs are found in ~ao<ls!or,es along some of' U1c bays a.nu it,luts 
ofCcmchas Lake and also testify to the presence of early inhabit­
ants. Most of these early inhabitants were primal'ily bunters and 
gathers. A relic petroglyph ,n sandstone rests In a building near 
t!Je Anny Co!1)S of Eug'ineers aclro.inistration building, nonh of 
the spillway. When lbc Spanish cKplore<l the area m the 1500s, 
the Ute. Co111anche and Apache Jndians caJlcd the arcu covered 
by Ute Lake an<l Logan !heir hutning ground~ (Scott, 1986). The 
fu'St Spaniard 111 the immediate area was probabJy Don Antonio 
ue Valverde, who traveled along U1e Cw1adtun R.i-vcr to Kansas in 

1719, before Conchas Lake was fo1med (Scott. 1986) 
Later, ~panish explorers settled in the area that was once pnn 

uf tbe Pablo Montoya or Baca land grant. lt1 1867, John Watts 
acquired title tu the Baca lan<l grant and transferred it to W i lson 
Waddington in 1872. Wuddiogttln conveyed usngc of the lanc.110 
the Consol.Jdaled Land, Cattle and WM I Growing Co. This was 
the bcginnmg of the Bell Rancb. 

Most of the rocks surrouniling Conchas lake, including those 
that foml 1he bedrock of the dam. belong to U1e Upper Triassic 
Chmle Group, The Chinle Group oons1S\S of alternating layers of 
red-brown to trtaroon to gray mudstone, siltstone :ind sau<ls\011e 
that were deposited i11 eoatincntal t'luvial and lacustrlnc cnvimn-
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FIGURE 3.12. Map of Conchas Lake. 

ments about 205-225 Ma. The ChinJe Group is divided into five 
formations in eastern New Mex.ico (in ascending order): Santa 
Rosa, Garita Creek, Trujillo, Bull Canyon and Redon<la forma­
tions (Lucas, l 995). The medium- lo light-gray, massive to cross­
bedded sandstone exposed at the dam is the Santa Rosa Forma­
tion. The crossbeds in the sandstone are consistent with fluvial 
deposition. Mudcracks indicate that sometimes the sandstones 
were exposed to drying. The red color is produced by the oxida­
tion of iron withfo the minerals forming the sandstone; th.is oxida­
tion is common to seasonally arid environments such as existed 
at the time the ChinJe was deposited. Sections of the core d.ri Ued 
and recovered during construction of the dam are on display near 
the Army Corps of Engineers administration building, north of 
the spillway. 

Channel deposits of gravel and sand derived from the glaciated 
terrain in the Sangre de Cristo Mountains during the Pleistocene 
are found along the Canadian River above and below the dam 
(Spiegel, 1972). The Canad.ian River formed during the P leisto­
cene after the Wisconsin an glaciation ( Dolliver, 1984). The head-
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waters are in the Rocky Mountains in Las Animas County, Colo­
rado, northwest of Raton, New Mexico. The river flows south­
eastward from the headwaters to Raton, where it flows south lo 
Conchas Lake State Park. At Conchas Lake the river flows due 
east to Ute Lake State Park and eastward into West Texas and 
Oklahoma. For most of the river's course in New Mex.ico, it is 
a sinuous meander belt that rarely exceeds 750 ft in width (Kes­
sler. 1972). Floods since 1938 have eroded and degraded the river 
rather than deposit new stream deposits (Kessler, 1972). 

---1 
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t 
Turn right at yield sign and cross dam. 0.4 g> 
Turn right into picnic area for lunch. Note at the ~ 

parking lot the large cylinders of Triassic sandstone b 
from the coring done while constructing Conchas 00 

Dam . 

End of Third-day Road Log. 
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