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By Vincent V. Vandiver, Regional Geo gist 

' -''=ti ~ : & & q n a l ~ E o ~ n t  is ra~idly  b e c a w  one of the 
p$m @%&&j?s a? i&&zwst m n g  the S o ~ t h w e s t ~ ~ U n p n , ~ ~ .  It is es- 
timated ahat a2puximtely $&#W people f i ~ i - t e d  tbe'area during the TWT; 

y e  I ma in9or~sd thn t  mr Gllbert Gmsve>or, editor of the Mational 
Geo@a@a%d 3+B@&ne, s m   win^; his * o a t  aisit that he had observed. 
thre' ,& bhb *%ma1 riPadslt.s of the mrld in the course of a, f 8w days; 
- k , l y ,  G r k d  Canyon, %Be k l s b d  Caverns, and the Whi.t& .. S&ds. . . The 
bis>irationd f&t&a of t@ sands camat be dented and this fact toge- 
ther trith 5 % ~ .  being b e  wily OCCUTTB~C~ of sand ,h the m r l d  of 
mch mgpituae may eing given conaiderat ion 
as a mtf anal park. 

. . 

iin~~-mared interest m the m%te Sanb and the fact  r e  ~ t l  d w  y.. 
the! &thed .ham been admced by -geplagi;s?;s - qs . %o the source 
of- the gyy- 3 vis i ted  the area, in an ,e-$f~& $0  plate; the best 
geolugf c& 3% &uke S a i b l e ,  There is c c m $ i w ~  g s o b g i ~ a l  i@\omnat i on 
in .the l%tor&kuro m:'+&e Tula~oaa Basin and &h this bL%a at h a d  eanr- 
b f n d  &th th~-P5BlTl-&&&@3Ss -8 them ap- to be.1Zttle doubt as t o  
the s a d e  OF t h e  W : f m " ~ & .  &f *Be emQr5sin& the. sands, 
Since odZy a s K e  tdib ~ w @ l m % - a %  t86 m n t  the f o l w p e  ,pages' are 
fiec&es&kly f-kW'a . c q d 3 z k f m ~ ,  '-verI- t&: data &aatibl+d is in the 
k i n  from the ' ~ T r P 1 c - a ~ ~  of the. STnfted mates Geological. &me* and 
since this tyae of mWri,a3 was wailable there 9ms-d l3 t t le  masan 
for spnding ti= du2lieatiq f i e l d  studies ~ l e t e d ~ g ~ e ~ o w ~ y ,  

LOCATION - &rn EmENT 

The T u l m s a  Basin, of vJ;hich the l n t i o m l  Lbnmnt is a &, -lies 
between two of the most prominent muntain ranges of IJew Bxico,  'the San 
Andreas mmtaias 03 the h&,, /d -tb Sacs-nto munt~&m on the mat. 
This a l d ~ k t e a  b@cXindL~.l&&x, -a--ximkw E O  miles in l e w n ,  hes 
a Ma&h M 60 ~%Lles,. &+@ m@@ ap ar? af a z r o m t e q  6,000 
sq- miles, The mo& g p e w .  -ahre pf the area is the g r a n u l ~ ~  
gypptp cmp~ieing th& Y&i*e- -3, situated aome I2 miha  west .of Alasno- 
gm@, '3n sou$h eWr;al Hew lkS@* 

Ammaoh to the heart of the.sands is over State Highway No. B which 
i':C ertends in a northeast-~outhReet direction connecting the' taans ,of &lam- 



w y q h  . . , * ,  f by , -  +l to the TJhieq wars, . a 
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- >&& <eqOSit. o.j m&&rig 6%' &$&+:&k +&& a; 
and nvemges around 10 niles ir width, the g m t e s t  wiMh beiw aboat l5 
miles. ( gee ~ l a % e  I f tjx 'aer3U 'ett&t, J, ~ @ ~ e p  509 e q L x  :: x iles CE c~vered  
'try the  gy~sum sands w3ich pubably  aver- 50 Test or -i!lr-: ' i n  tbic-kens,  
It has es.timate& (8) that deposit contnim ~ S , C ! : ' . I , O Q Q , ~  Sw-8 
b-g usiw 60 pow* to the m i c  foot of gjqsm, with m c ' i  of th&- %%%&a1 
c m t a i n i ~  no &re .(;&p-&e 3 psr-idt OT Wpuzitg,, It is B n t e ~ e s t i ~ &  
to nate thet. tke ~ m - w b  p@e~..&~-~oxd;~r about 5 w r  cent 02, . - 
t a t &  area af +he.Tbh&&- Easi$L , -  

. 

The Fhif e M s :  Ea%t&al..B&n% m a  created in January, 2933, em3 
&a9 f o-ly 0 2 ~ d  t b  the -@&ll%. by .ma. .Ton Charles, reeident custodian, 
f n AyriP; 193%: - % ~amw-caqwised f~ = m a t  Bs 143,145,91 nmw 
-ti negot i&&h&:w bins:  k ~ a c k ~  ai &n&ilm the q+ 
&st covering I -  ~ C P & , .  in&&&= a m e m e  -&&e, which is @ be - v e d  

ly TOP & blxd xfu& . ma to$* m a  dl1 aexef ore. be 
asgra-tely 225 square milas,  

R m q U y  46 F r  c&% of t&e%c&a% de?ogit of ir the basin is 
contained T@&& .'*he ' ~ m ~ 2 e ~  af ~~e ro-q area* OD -tMg b q l s  -and 
,W cons~demQ$un of' %he aba-ire .estb&e .for the to ta l  ammt ., I* .* 

msint there & 5 , % % 0 p O O ; ~  tW bf a h o a t  pure. ~q-a?p> 
nalmaent TeafWg a;9 eaWmate bf -7,8U0,000,QOO tons ou%side f w  -n?Uc 
ewl.b>ti& ho-6 - Eedh&~~&, ' me -mefags msum yearly in %@ TJak$ed 
aaW& par %& $ 4 ~  gr~m p H a d  1927-1931. mmt  ed to a~3'~*0x%x&tt.e~y - .m +,. 

P . Y- & 4 Sb16'1.d a l l  sources be-cloaed in fhPs,cov+t?y a&& 
the cmmm&$6d ~f - me.  requ%re& for. donest io m o s e s - ,  be f %gn< f* 
We mte S d a :  ~ ~ & 8  .bf +hel- BhWdnal I?bnment 5% is ciXe@ah@ *<@t 
%h:6W is a &ppw &kl&%Xe 60'&ktd the needs for om2 1,800 y o a m * -  .. 
Botkia 4 5) sf &%ear W l  xz all: M-. *ha: gy-pisumlisumdnes and WXs in the 
Unfted States were shut a- fo r  1,000 yews, a n o d  sw;rly k u l d  be 
obtained in the sandst aroa outsidb of the mnumm%. 

.-)* 
. . - 5 
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The Ma+osa  a s i n  i a  r i ch  in Ristorirml interest. ~ h e . o ~ n g . ~ f  
the W d s  ib tho sixkeen& ce&%ry and their contacQs Nth %be h ~ b -  
l ~ a  &&&$&6es $ o m  many e x c i t w  EMT%GPS, mi-a ro@e o ~ . t ~ v e l  
5n tbq &ly dws was along the Rio emtde,, the val ley  to. &,e :~mSt,, ~d 
%hat %*e "d*s&, beWuse of it E lack a$ waWq an& &-pb +de&,$oh~, 
mae a deep 'impression u>on the  emu , t w e % w a  $.B wp$p$~ s*+mt 2s .was 
b o r n  aa the S~rnada del lhert o , or Jortmep of t3e den8 , It Ev i  &0nC% 

S i % % l x - ~ L %  of %&s dxtemhn of ,ae w e  religion mEI&W..,&anims 
WLW*, .m;faa.$ll-w -M sat f w  kn t % p 3 < , a w i .  

6-g- +i+ e & r u  a%-t'r,a%i- t a tbi,a -amqe . Waq ym&m w b d a  09 a- 
ca;fts a i d  iwns d t b  8 f l $  ch .the . oxen ~ z e  ishod have heen obsemed d$* 
t h m ~ " i 4  +mkRs .  'EhB B&B% r W  6&.-%, in $be qea ~ s ,  . $ ~ e  .A J&&li s h- 

. , . - ., 
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mht of Fort Stanton ia 182% The rage  -8 of the 8Q1s and the bloody'::*;: 
events m o u n & i n g  the ~tctiv&$ies of Bil ly  the IUd all lend mch t o  a 
fascinetlw historical pic '  re. -:'el*..- L &&; ; 

.-. - , ; 

~ I O G ~  - - -  
a 

Test of the Great Plains of Ilew Ilexico and Texas is a region of 
A 

isolated muntain rangeas with altermating ?lains or bmcr! ogec valleys. 
me Pe co s and Riw *-&&m~~..$Low + - -: through. several of these valleys, 
but .  in the region w - m a e  6%rs there are valXeys Mich m e  en- 

T i r e l y  inclosed by W g W P ' m ,  thus h a ~ i n g  no drainwe out'Lets. '73 
hlarosa Basih, of which the White Sand8 ie a part, is a t j ~ i c a l  example 
of such an incloaed ha*, -9 &i - 

A variety @ - t w m & e - % a % u r e s  occur in this elongat_ed basin, 
Probably the gas$ prmige,nt.~o the average visitor are the buttes Cer- 
r i t o  Tularosa, a few -Us" sphfbest of the tam of Tularosa, and h e s  
&rnanos Peals, nem the'soul&ea& boundary of the manul=ent. Fault 
scarps a ~ d  imumrable shore l ine  features are in evidence. Sream 
*ilt slopes, t~-@,, &calf flats and an enomus  eqosit ion of dwe 
k i l d f n g  ~ - c m ~ . & h ~ ~ ~ @  the at t ract ions of the area to the 0b- 
serving person. a' addition, along the northern portf on of the basin 
S e  volcanoes anit l w ~  Beds of intense interest and sc ient i f ic  inWr%ance. 

merally speddng the reserve within the boundaries of the National 
knmmt cmsists of arearp of gyp- sand dunes and d k d i  flats. 

the southweatefll -$on them i a  an a lka l i  lake covering a i r  or 
Hght square &lee4 .,a8 majes,tic peaks of the Sap Andreas and Sacra- 
W d o  Mountains, which limit the basin on the west anit east resgectively, 
E % S ~  t o  elevations of o v a  9,000 feet above sea level,  me -st sheer 
~ertioal wall extending ELLOW the flanks of these mountains &ops =st 
&mptly in elevation for-a d i e m e  of ahmat  a mile to the r'-in level 
sf the valley floor. The lowest dtitude is in the vicinity c, Lucercl 
W e  with an elevation of around 3,000 f ee t  above sea level, 

-%I - 
Meinzer (I) etates  that the climate of the Tularosa Basin is tmj 

L of the arid southwest. Generally the slg is clear and the atno 
b~e is dry and rare, fn the main fur both s-r and pvinter the d 
w mm and the nights cool. Mqst of the rain is produced by conden- 
m*ian from local ascending currents of air and accordingly falls in a 
&w beawy storms in m i d s m r ,  

Fhe basin has a wide range of tenperatwe, o w i n g  partly t o  differ- 
ences of latitude, but chiefPj to differences-in altitude, The U d t e d  
States Weather Bureau regarts that Alamogordo, with an elevation of 
4f l8  feet, had a maxinun temerature over a period of nine years of 

a nhixmun tempmature of 0' and an average annual t,qp@%m QJ 
'--\. 
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, 61°., These flgmes a m  la contmst t o  those of Cloudcmft with an ele- 
$ation of 8,650 feet. 'B'te~ages:Wer *a -period OF seven years f0r this 
pb* indicate a mx~iznm of a*, a minim of -lo0 md an 83~1u.d a m -  
age of 4 3 . 2 O .  

Of constderable interest are the ~~ and minijam tewr~tweg 
taken in the sands area during A7ril and July by m r s o n  (11) end haw 
been ~ecorded as follows: 

Table I, Maximah' Enimm Tengemtewes 
k t  es F o B I ~  on  %cimm %. HinimmISE. !Pa@, Barge 9. 
&xi1 2 .. Air W 4& 34 
A2ril 3 6" in Sand 56 4a 8 
Apil4 Air 74 36 38 
July' 2 . 
Y -c 

&3? 100 5e G! 

As a s u p g l e ~ n t  to these records m a r a t i v e  terperatures of s d  
mcl air wkre taken i n  both the a l k a l i  flat and the dums on July 1 ~ 5 t h  
t4e fallawing results: 

T ~ b l e  11. Temperatures in dunes and alkali f la t  in dd-s-r 
In sun; 1 In. d e e ~  7 In. deer, 

Location ._ Hour Air 9, on s a m - q .  9. q. 

AU;alf Flat  18 :OG a.m. 93 108 93 77 
Dunss 4 : r n B . m .  99 108 99 .- 81 

. Binzer (&) s m i z e s  the records of rreci?itation as f01lwS: In 
t he  interior plain south of the lava 6ed t he  averwe m u a l  pec ip i t a t i on  
is ?robably l e s s  t h a ~  ten incaes; n e a  the  ==ins of the plain it is ap- 
g r s x h t e l j  ten inchub; in the mmtn in  chain on the east side it in- 
creases vdth altttude, aad new the crests  of the hi@esP.rmge& it ex- 
ceeds 20 inches; in the mountain chafn on the west side it also inh~eases 
with the altitude but is on the averwe less  than in the muntaiw to the 
east. The principal rainy season is in dd--r, generally bwiani~  
n e a  the close of June or ir- the first half of 3uly and continuing in to  
Se-atember. Frm 55 to 6C qer cent of the precf2itatiox occurs awing 
f h i s  2eriod. 

Thq ?revailing southwest mihds are an i r ~ o r t m t  factor in the 'r>re- 
sent location of the sands. lh,c% bas bem written about the movement 
of the dunes in a northeast &rect$an an& one writex- at least has gone 
so far ets to estimate the date at d i c ~  %he gygsum smds w i l l  encroach 
u:mn the  towns of Alauo~ordo and %la~oba. . Unless one visits the erea 
during om of t h e i r  2eriodic dust s t o m  it is difficult to appreciate 
.the tre~ndous  abrasfve ef'fects of the wind currents h d  the 
enomus anmunta of miterial cm'i'ed I g  t5i3 m e r .  



Studies of the vegetation of the Smite Snnds were mde in '%% -+Eng 
and &&r- of 19X by- ( Ill .&..a: - @ h%q finding8 a r e  as 

I 

m I . I  ' ?  

'. . 

the moving dunes, 

3, -In the f l a t s  soil water is near the surface, the water table m 5- 
- j 1  : ,-; .in $ein@ between 2 and 3 feet deep with moist sand reac a- 

' -mst to the surface. m 
WmtB mst a.bmrbater. 'from n.;=tum%ed sol,udian p i  calcium 

Zi7m - -i , -  - w ven in €:c mst xuxu~iaa% here 1s a .rew 

. . 
', '.-!! The.sedinan~ary rocks of the RLL&& Baain w&&st of d ~ ~ ~ s i t s  of -* IV+.=* 

* Ganibrieh, Ordovicio~, Silurian, Devunian, E ~ ~ s i s s i p p i a n ,  Pennsylvanian, 4 . 
,I.' Permian, Triassic, Gxetaceous a d  Quaternary, Formations are pyeaen- . , - , representing all Qes of the Paleozoic sequence. (see Plate 1x1. Ll'~-l Igneous rocks a r e  in euiaenoe in widespresd outcrogs along the eas. - , 

, flank of the Sanhdmasmountains &-tQ a'lesse~ degree-slow the IL ;.'; 
' - 7  west escasrpnant, of the Sacrane&o ~rlow%h%*. They consist of-pm-Cam- r: 

rian ghaitas and schists, T e r t i m y  a B e s  and .sills occur i n  isolate4 .: - 
.- . 

, in the northem par4 of the h~s i*  I I 

. -  - 



- 
W3ITE SAME CSDfX)GfGAL REPORT (COX 

The basal fornration of the Pdeomcric in ~outhern New %dco  is 
lmown as the Bliss sadstone of Umer Cambrian age, man the t n e  lo- 
cality in the Franklin mountains of Texas the fomation things out and 
is only six fee% in thickness in the northern portion of the San Andreaa 
rmtains. In the southern portion of this range the thiclaesa averages 
around 100 feet, The limited elroosure in the Sacremento m t a i n s  s h m  
s few'feet of sandstone separating the grani te  f ~ m  the El Paso 3.b~sto6e 
above. In the *in it is a gray t o  bmvn mastone ,  in prt qpartaitfc, 
a t h  upper slabby menibem in gart glaucoxl?'c. The formation is uncont 
forrrrable on the granite or nchist and grac into the El Paso liwstone 
above* 

me strata of th i s  age is composed of the El Paso lfnaestom, of 
Lower Ordovician, and the Montoya lfmestone of Upper Ordoviciaa age. 
The A Paso l2mstone grades into the B l i s s  sandstone but is 
separated from the Uontoya limsstone by a break in sedlmntatfon, repre- 
senting Eiddle Ordovician tima, 

The El Paso 1-tone form a prminent outcrog along the east 
front of the San Andreetrr muntains, where i% is 300 feet in thfcbess  
in the southern ?art, decreasing to around 150 feet in the llorthek 
& of b r Jt i.~ a massive gray limsstone, slabby in part, 
and contalnhg coneidemble sand in the lmr 2ortions. Fossils are 
a c m e .  

The BBontoye linestone i 'a mriable in thiclmesa duk to erosion and 
thins wrt in the sou%hern >art of the Oscura &huntaim. In the San 
Andreas it consists of two @@be=, ari uppr W r  mntatning d t e r  
nating thin beds of l-stone and chart, firm 50 t o  75 feet in thick- 
ness; and a lower msmber of dark ~ s i v e  limestone around 100 feet in 
thiclrness. Locdly there is present a basal. degosit of sandstone. In 
the Scramsnto Buntaim, southeast of Almmgordo, the two mnibers msn- 
tioned above have been observed. Ricbmnd fama (wpm hdoviciaa) a m  
preaent roughout--theupr Wef. 

s .  

A smnll part of Silwfan time is represented by the JWs- lime- 
stone containhg fossils of Xtagara age, It rangers upward t o  around 200 
feet in tUches8  in the Stan - m e a s  range and rests with an eroeional 
UnconPormity on the Wntoya limestme.. Generally two meders b e  p s e n t ,  
an kwr bed of hard dark massive linestone, and a lbwer bed of conpact 
fine-grained Ilm#tone. 

1 
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:mind b l m  ae- : ~nsm m d e ,  dust m a  qu-z:~ t o  mr A=. 
~ A ~ J ~  : Posit : s&B. 

' :Strean dqosi te:  Chiefly rcd clw, gypsum, : 100- 
:and other val- : sand aqd e;~a+sel : 1000 f 
:ley fill. 
:lksa Verde t?)  : Sandstone and shale; c o a l  

UPPER : fo rmt ion  : bearfw. 
630 

C ~ ~ Z O I T S  **me; line- : 
:pw i rze2t. 900 
:Dakota (?) : Sandstone, mass5v2, hard, : 150 
: d s t o n e  &zay t o  buff. 

: Red sandy shales with lagers : 
! m U l X I C  : of brovm sandstones and lw: 340 

: co11c~tions. 
:Umer part limstone and g r z  : 

: Chupadera : sandstone; lower part g~lemxn, : 1200- 
PmxAt? : formation : soft md sandstow, then lLw 1600 

: stme and # p u n  - - - -  . 
: B r m  red sandstone and red : 500- 

:Abo sandstone : sandy shales; thbs towards : 
: the soutb 
:L;ilrestone with beds of &ale 

2200- ' RZMTEYLVAP3IATI:Idagdalena gnu? :  an^ sandst m e  ; several sand- : 2500 
: stone b,eds in lower p u t ,  

msISSmWJ:Lake Valley Ls. : C Q ~ P S ~ ~ Y  crystalline limestone : O- 
: and l* Sh3le.. 1---- : 150 

Dl3vOlWT :Percha shale :Gray shale 
I 

: 0-125 

:Lfassive limstane , cherty 
' lbntoy~ Ls. 

ORWVTCIllIT : : above, dark below, lsandy at :0-200 
: base. 
:Las tone;  rveathers light gpay: 
: slabby in part, , w w  

I - 

~ C ~ ~ J  : :Granites and schists 

%e two forant iona of the Permian 1 thf s area c w x i s e  the Mmzam 
Grw 

Nc' : The s%mtigra>hy as above fnaieated is f m n  Tlinchester I! w i 1  
sl f ght addl t ions, . -  

wT3TmBBm-S PLATE 11 Su72laclent for llag, 1936 
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A wldesqmad deposit of black shale* h w n  as the Pescha shale, of 

late Bwfiag age, is yesent i3 sout5em Hew Nexico. Breaks in sedi- 
wntation segmate it fro3 t l i e  overP:iq ar-d mderlyiw f o r m t i o m .  
fornation consists of lowar beds of f i s s i l e  shales a n d ' u p ~  beds of 
gray shale contaning scrrne 1- hpds with fossils.  These shales 
th in  out ia the northern g& ot-the Ss;n &&reas maun%ains, They range 
in thicbesg upward to 125 feet,  

:arbonifemus System 

It is the rocU of this pys{crm vEeb we a re  p r i n a r i l y  concerned 
since the3 contain thick bed$, gf T b y  are  ~ddespread in t f i g  

region., Q C ~ W  - - -11 ?arts pf xTm B x f  co a c e g t  %be h i b e r  portions 
s, and h e  hev have been r&ved by srosfon. 

The thick succession of limestones of t ke  l&gdal@na group TO= 
pond.nent m t a o g  in the Samamnto and Sail Andreas muntains, It 

is 2reCiminw-t~ linestones, but interbedded sandstones and shales are 
gkesept iz a l l  sectfoqs, In this area the t'nfc'mess rangee upvma t o  
2,500 feet. Locally the vow be divsded in to  several formations, 
son3 a p m a t l y  separated by mconf&ties, although as ye t  no faunal 
distinctions have been observed. In nearly all l oca l i t i e s  fossils occur 
in abundance. 

The Permian is rqresentd-in the Tularoea Basin by t@e Namano 
p coqr3siw athi& succession with the l m r  me&er k n o k  as the 

0 smdstone a ~ d  the u g ~  &el- repssented by the Chu~adma 
Fdmnat ion* 

The Abo sadstone is imd8 u:' of red beds of sandstone and S- 

shale and r-s in thiehess fro2 5.00 t o  900 feet. The formtion thins 
out in the southward extension of the Sacrernenko r q e  and the Chumera 
and Wgdalena f o m t i o m  joic is- this direction in the vicinity of the 
Hueco Lhuntains, Tke Abo sandstone 13 a22arently unconformable ~ d t h  the 
underlying bgdalena, In the western p a r t  of the state there are -thin 

we stop beds mar the base w@i& have yielded.fossila establishing the 
wer of the Tomation as F e d a n ,  It 18 consfdered t o  be t11s equivalent 
0 5  t b  wd P-~s= of $b & m a  C W O ~  s e t i o n . .  

The Chapadera. f o-t ion, so nwned iron the. ~hupadera msa in e d t -  
ern S o c a m  county, is the u r n e m s t  fomatioa af , the  Elmzanu gmup. It 
is generally separable iato two mwbprs, the Sari Andre= lhms%Qne '8bove 
and the Yeso f o m t i o z  belaw. These thick llmsstope beds with inte+xkedded 

- I 
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q deposits of mswn and -rite attain thiclaeoses of 2,500 feet o 
the  eaet sloge of the Sacramento Whta ins  a & -  this t ~ c k e s a  is even 
greater to'the south. It is f rom 1,200 to 1,600 feet thick in-the %I-. 
a ~ o s a  area, E - y , ';; 

The aan m r e a s  limstone contains not only limestone but may - - .. 
,andstones as w e l l  and to the  soiath de?osfts ~ f - ~ s u n ,  mhydrite a d  ) . L .  

salt, which become veiv thick, in the 
sections of the sta - ' y ~ ~ ;  . , 

- # .  -.s - - 

. . -  - r 

Representative sectf%&"bf 'the 
Dart on (8 )  are shown on the f ollowtng &t e ' 111, The large amouats of- 
gypsum present in this formation may be u5served and t h i s  is R signift-$ 

- >  

cent factor in & study of the Whits Sands, m y  fosails are present 1 ' , .,: 
in the Chugadera, which was originally regmded as late Brinsrylvanian I -- 

- '. '- xe, but isnowclassedasPernian 
. .  

rae sou~nerm lmt or  tne  %lasslc 
is riot Imown, They have been traced southwmd to the vicinity of Tulsrosa 
but are absent under the  Cretaceous outcrops 10 'llliles north of Qrgan. 
Thicknesses have bee3 masured rangiw u-a to 340 feet in t h e  Tularosa 
Basin, They a r e  conposed of red sandy shales with layers of b m  sad-  

of the basin, Gen&ing northward f rmn  Three Rlrnrs, east of the lava +: + 

flows. It is not unlikely that the Cmtaceoua underlies at least a .- I . - 
-3ortion of the basin to the south. Thee foxmations have been tenta- [*8': 

tively identified as follows: Th& Dakota (7) sandstone, IEmcos ( 7 )  shale . -- 
and the lksa Verde (?) fornation. A m x t m m  of ahtost 1,700 feet of 
Cretaceous section is eqosed,  colqosed of gray sandstone in the lower 
n a r t ,  shale with some sandstone and Bimestone, fsllmved a b o ~ e  Wth sand- 
tone and shale conts in ix  coal. beds, El 

d . Sedinent s of this a@' are divided by Uinzer (1) into tvm groups, ! 
= f: the ~leistooane ~ a b e r ~ t ;  mey consist .of val ley fill <mterial and $' 

r w e  upward t o  over 1,000 feet in thScImes3s. The FLeIstocene ma de- F" . : 

posited chiefly by stream, lakes and underground waters, It coasf sts ?:;;-. ' ..c. ' . 
chiefly of red clay, gypsun, gravel and other sedimeds on the slopes, 1 1 7 1  . 

. . 
: Gmstm m a  deposit& at low levels, adobe clw at i n $ - e d f a t e  lemla, $*; 5 

- '  . and &ravel ma clay at high levels, ~ t h  w ~ n d - b l m  mswl =a quartz I.,::,; 

, sand present locally. Recent sediments consist of dunes ae~osi ted by I 
' J  . 8 the wind and consisting of gy'dsun sands and dust together with w z  ' . . . 

1 : S O u T H F m ~  XDImmS $88 



8 m i l e s  m t h w e a t  of 

50' Diorite 

*a1 e 
I. well over 1000 feet in degth which & i d  not reach ---e 

bottom of uucunsolidated fill. Located I& m i l e s  " F " E  
west of BLamogordo. Frm Me5n-r (1). Red Shale 

( F m a  ~artclh) (u) g-C-ray 
If. Representative mctiom west of the Hendersun r-Red 

ranch In the eouthern part of Tl2S. g-Yellow - 

111. Columnar sections of the CGqadexa famation b-Brown 
3OUtbwe~t Of O S C ~ O *  p-pink 

TV. Col- aeetim of the Chugadera -st of 
T u l ~ ~ .  



'i<T WEXE S W S  GEOLOGICAL XEFORT ( COIT. ) - -. 

r"  . y- Ineous Rocks .. .. I. - + r .  - 4 - t ' .  

Pre-Cdrian granites may be observed in m almost continuous band 
along the foo th i l l s  of t he  Sa;l Andrces Mountains, Hinor outcrogs Of 
granite are gresent at the base of the 5:stem escarpment of the Sr- 

I 

Two beds c, w a t e r n e  ba .t occupy the basin west of Carr isozc  
Bath beds form thin ~ h e c t s ,  pzobzbLj less than 100 f ee t  in avera~e thick- 
ness, but in the vicini ty of t he  craters they are several hadred f e e t '  
thick. The lava c a  frcm a arater in Tovclahi3 6.- South, 10 East ,  
and f l o ~ m d  south 20r ti distmm of  tout 50 miles. The flows consf s t  
of basalt of sinilk- agyarance and likc coqosi t ion.  They m e  mainly 
black but locally reddish or brownish. The bulk of the  lava flowed 1 -  

*. s o r ~  distanca before s o l i d i ~ h g ,  lost most of its gases, boo- re- i 
latively con?act, though i t a  wsicular t ea?ure near tho surf acc , &ows I 

it cooled before d l  of the ms bubbles cscayd. It is likely ' , 

t b t  the lava and conos were ermgt~d along fracture planes whicb had ' 
produced zones of w o h o s s  in tho strata. 

&Snzer (I) states that  the younger va f l m d  out upon the mi& I ., 

body of ~ a e y  fill (Fleistocene) and t h t  it is clearly of less ageat , ' , '  .$ 

than all except the mst xcently deposited parts of t he  fill. It was 
therefore e n q t e d  either in Recent time or very near the close of the 
Pleistocene. The older lava has been in existence several t i m a  aa lOW3 . 

1 

- - as the yotmger but is mcb younger than the besin itself or the oldest 
vuley  fill. It r;ms probably ew2tcd l a t e  in the Pleistocene. The age 
of the younger basalt is at least several hundred years, but in a31 
probability not m~ than a few thousand years; tho age of the older- 
basalt is yobably at least A Fmr thousad years and is perhaps several; 

. . 

The regional structure of the Tularosa Basin is probably spclin& 
altho- most of the surface is covered by sand, lava and msh rnitb 
critf c a l  data available only along the margins or f r o m  scattered welw 
records in the interior.  Cross sections on Plate IVby Darton ( 8 )  il- 
lustrate the structural' features in so far as thy a r e  hm. A hypo- 
tbstical section across the basin by % W e r  (1) is also shmm on this 
plate. IUnor anticlinal structures are no doubt present in this large 
spcline, The San Andreas Uuntains form a huge an t fc l ind  uglift broken 
on the east flank by edensive faultim, The Sacranento runtains have1 
I l l reTYi se undergone considerable fault but princir~ally slow the west1 
flank. The doninant feature or the prominent western escarpent is dtueb 
in the =in to an anticline, faulted in its higher portions, rat'ler tkan 
t o  major fault* whf h is in evidence along the Ban Andreas S C - I  The 7 Pr- wmi&eration in the structure of t he  Tulamsa Basin is tht  it, 

. , 
I 



as a large d m  fault& block battwen the Andre ,d &oran 
EIountains which gave r i se  to an inclosed basin, without drainage out1 
thus forming an %deal reservoir for t!~e concentration of saline ~ s i d  
and the resultant gy~sun sands, 

The f aleozolc ( fomat iors  of Cambrian t o  %mian inclusive) -, --, 
tion was preceddd. by a long era of erosion in which great t h i c k  aes of 
rocks were r m v e d  emosiu the  manites of ~re-P l&br ia  age. Generally 
the region was vmrn down to a level country. Qwrtzites are grescnt t o  
the north and sbuth indicating ths meaence of clastic beds which at one 
tine+covel.ed the ~ a n i t e q .  This long period of erosion narks tbe wide- 
spread m c o n f o m i t y  u?on which the Pa~&ozo~c sequence tvas de3osite8. - ,- - -? - . .  . . 

' 1.3.7 . 7 ' ' Paleozoic f omations d Neri l ~ x i c b .  ht?T&tie the lower gsr t  of a -- 
series of various kinds of sedim&ary rocks ~ v l h 2 l 1  h ~ v e  been u~tui.ned as 
along the flanks of t he  so~thern sxtension of the Rocky Lbuztaim.. 
They also f o m  i n  so= instances extsnsiPs plain and plxbea-2 areas, 
The close of the Paleozoic is likewise markad by a wldes$xzcd unconfor- 
mity, although the lithelogic varfation of succeeding fornations is not 
great, there is a d i s t i nc t  bre& in faunal characteristics d i s t i n g u i a -  
ing these sediment a from those of the overlying &ksozoic strata. 

Our %rimi;3.al concern is with the Femiaa, which narks the close 
of the Paleozoic, since the Chu~adera f o m t i o n  of this period contains 
the  thick degosits of msun and is gonerally regarded aa the ,c&l&nal 

- >  3-T' source of the m s u u  cont eined in the present sand dunes. i:, a. I:, 
i x.l-'* Tiestern Texas and souther2 ITew G s i c o  contain one of the gr-' test  

sections of marine Pemm 1mo.o~m in North h r i c a  if not in the ..,rid. 
Interior shallorr seas frm the G d P  of ETexico entered acrobs this pegion 
extending over western Oklahoma anC mst of KEulsas EU v ~ e l l ,  Great deltas 
later restricted the 1v.zteys of this large enbkmnt  and in their  retxGat 
t h ~ y  remined longer i n  southern New 1b:;ico pad matern Te;;nr 'thm in 
the central laortion of t h e  contimnt.  Thus, the Permian in t h i s ' w i s n  
attains a rmximmtbiclmess of over 7,000 feet, The gr?Zuai yetre& of 
the sea with i t s  inte,mening advances resulted dfn the de2osition of 6reg.t 
thiclaesses of 1:mestonea in mieh was l a i d  dorm tbick layers  of s a l t  
an6 gmsum, Evidence prevails that the area  gradually b e c a , ~  so arid,  
with e v n p r a t  ion e;:ceediw ~ r e c f  p i t  at ion, result ix i n  a ~ - a a f  dead sza 
eventually covezinz the central  ?ortion of the basin. Buying the' Fer- 
nlm a d  Lhe pezfod follqwiw, the Triassic, desert conditions Mere 
crobably mre wlcespead thm at any other tim othe:: than the  present. 
Salt beds extend f ~ c k  I T m s  t o  >ew Kexioo and it has boen estilrated 
t ha t  they contain 80,000. b i l l i on  tons  of salt and rl;ould require the 
evaporation of nore than 22,000 cubic miles of aca water with a sa l in i ty  
like that of thc  nodc;r=t+ occa, ," 7.- I 
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Vertical Scale 
~ e u r a  Sections across Talarasa =sin a d  Cii~adera Mesa, 3, f r o m  north end of 0-  

Mt5 t o  Wrlm Pk; C, thru CagitolPk.,Sut An~rss  Mts. to Sizrra B l u c a  of the 
White Pdt8-i D, from San Andreas Mts e a s t  thru Tularosa Pk; E, t h u  Lake Lucero 
and TPes Hermas Butte; F, east from the south end of the ~ r i n  Mr-s M t s .  thru 
the northesn part of the Jaralla Mta, Q T ~ ;  Porphpies; Cc, Chugsdera fo rmt ion ; .  
Ca, Abo Sadstone; Cm Lake  alley and hkghlena limestones; CC, Bliss sandstone, 
El Paso, Yontoya, endb''tmse- limestones and Parcha shale. Frm Darton ( 8 ) .  

&I w e a s  ~ t s .  Sacramento Mts, 

. . - - - , - - - - ----* 
/ ','+', 
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DESERT 

D ia- showing hypothetical structure of the S m  Andreas-Sacramento section. 
Mr, including the b r o h  lines, shows original structure of the arch; BB1, pre- 
sent position of keystone part of the arch; aa* and bbt fault phnss. Arrma 
shtw direction of movment; SS*, present s w a c e .  Frm Blfeinaer (1). 
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1 As the bas in  ww f i d y  f B e i  t b b  n - 
the low lands, dewsitiw hundreds of feet of red m d  and sands. There 
are occasional eones af msmpresellt in the red beds whfch are evidence 

' - of a t e ~ q o ~ m y  return of m i n e  waters and of 3pfial  evaporation at 
, p?l least* .- rn - 

' b > l  

;Pr; I*- i a  be15 sved that a comect ion was miptaind,. with the *fine 
waters of the Gulf th~ough mst of the perpian a d  that additional salt - '  

mtem p r e  supplied t o  the lago& amas, m. e~apbration 2xoceedeZP ip 
depoating the s&ine residues, Such a suppositim is alrrrost hqerative 

.. since'Twmhfe1 (15) states tha-t;. to pkeci2itate a ten-foot bed of gyy- :i+: sum over the entire axtent of a basin, water t o  a depth of 14,000 feet 
-. would be required. 1% rmuld seem very -robable th~t  waters of a basin 
a:, so deey ever reached the d a ~ o e  of concentration that they deposited 

, '1. : . gyps-, and that upon cansideretion of the inmeme thiclaesses of eypsum 
. A  2- . and Wit beds, it keomqs ob~iu-u,t-hat except iod  conditions made them 

.::- pssfble.  A thickness -of 1,200 feet of anhydrite in a west Texas well 
,may be us& to ZlLW-bmte the tim elemnt ;ipvolved fs deposits of this  
'type. 'The mhydrita contained bandd'byers apgkently marking seasonal 

; . aeposltion and suggests that frm 150,000 t o  %O,OOO years were requf red 
. sane a - 

The great Appalachian LIountain chain was fomed duriw'late Paleozoic 

points to boEir 9n mind in connection with the Ustory of the Permian in 
' 

s o u t h e r n H e w ~ x i c o i s  the existence of a shal lowseeinEarlyPernia ,  -., :A. .lz+!-a the partid inclosure end breaking u> of this sea into %orinel areas 
:* which; produced largcd salt ne &psi t s , and finally the d e p o ~ i t  ion of 
1, the red beds by stpms irt shal~l&s lakes over large sect fons, -_ '/,I *Penban histmy is of mch iqatnnca t o  the Nefional Park Servirr 

.'I .., in #e southwest. The Carlsbad Caverns have been f b m d  in limestone 
. 'A' of this age. ' aaibab limesf one of the Peaan .  PO& the rw rock at 
" ' Grand Canyon. Dune sands of the ~ e d m  make up the Coconino foma- 
:.tion as eqosed  in W a l n u t  Canyon and the erosional features o f  t h e  
,; W b a b  limestone above formed ideal  hwes for tb cliff-dwellers, 

.': Gyp- foTdped during this  priod hao mrw st, or perhaps ra thor  
migmte, in the beautiful White Sands. 

. , .- 
k . t h e  Tularusa Bash area sedhmnta of the Triassic 

cenus of the &sozoic era were degoaitsd on the Perrmlan, They consist . ' 

% ,; 
mainly 09 shales and sandstones and are widely distributed in the ~ o c l q r '  r -  ,,$:. 
Xountafw, At car near the close of the Cretaceous the &eat muntain 

,,;a$- 

making mvanents of the  Rockies took %ace. The rocks w e r e '  broken ma .? > 

' 

faulted aadl the  region generally was raised above the water. The basin- , <  

began to assune a more definite character. During successive periods . I 
' 

erosion on a large scale tended t o  reduce the ranges t o  a peneplain. 
A; 

Great thiclmsssea of &sozoic and Carboniferous strata were remved, - ' 
k A regional ugmq duriw late Cenozoic (probably Pliocene) has @vm. 
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I the  Rockies the i r  preaont hei@t and the differential erosion of-the 
i f l i fted paneplain has p r o ~ h t  about m t  of their rugged re150f; 

I above the Cretaceous f n t h i s  area m e  the loosely c&sol ihtod  
sedlmnts of the - $ e m .  Valley fill deposits over X,WQ feet in 
thickness have boon de2oafteit by s t rew,  lakes and underground waters. 
lhch -sun rlms cerbgnly carr i  cd down f ron the ovorlyfne formations 
and concentrated i n t *  inclosed Tula+sa Basin. Saline residues were 
thus dcposltad., redissc11vod aad m k p o s i t e a  over md over agaa; oven 
ug t o  tho prosent this process is gofng on. Tbo most recant w a i f  
is the msum sand dunos which Urn bccn formea tbrough t h  actjlab af 
wind on the concentrations of this matorid in the  Wi 1- 

Fossils 

Fossil bdnes and teeth of a mm&th are shid to have been f . d  
in Section 28, Township 14 h t h ,  h& 6 East. I: visitad'the localit 
but was w b l e  to find @ h a  but some f~agientary bones. It W o u l d  
probably be well t o  la ter  mrk over the entire d k d f  flat and alang 
Salt Wash ili an e f f o k  t o  determine if hgoxt& fossf 1 remins a r e  
present. Tf such is the case a cokection might be ma8 ~ t h  the gre 
sent manment area in order to include the f o s s i l  exhibit, The inte 

. veaing land 80 ,f az as is Imovm at aresent is r~orbhless. . ' 
:G'W 

I What f ham tenaed the extern& molds af @ants are flwtiflal in  
the Fdkfte Sands. interpretation of this process, mich:f am nat at 
all s u e  ,is e o m c t ,  is that the er~ratallized amund Ehe plant 
forms and aaered to the stpuctum EIU~ becme mre or less Wbxmed, the 
organiz maisrial of the plant de@*ed leaPiq an intemal core, thus 
f o r n i ~ t h e e x t e r n a l m l d s n o w d r s i b l e i f i t h e s a n d i i .  SapZPSof th i s  '1 
material have been forwarded the Washingkon office, These mlds as I 
ham t m d  then are to be mre veqj roeeat and in fact me befng fo& 

J at the present ti&-, (iqlcy w i l l  m e  an inte'rbstiw oxhlbit for ti& 
future mseun of the Tihite Sands. 

The ovidencb pids, a c e o ~ & t w  t o  t he  writbrrs belief, that W '  
original gypsun and s a l t  degmits of the Chupade~e. formation am derived 
frm pmcipiet ion in bodies of mtcr, c u t  off fr6m the sea or in embay- 
mat w a s ,  axZeniit3~g landward, - ox l&a 'or playas, Wth sucwssf+ re- 
plenishww- k t e 5 ~  ffawhg into s a m  md o~erqmat wqmatiua* 
Factors aYa p r d e e ~  ~&i& f a&ia&c t3at in m& caseB such sub-&a 
are p m q ~ i t a t u d  under aria Coniiitions, ,*t evapaticsn 
at a w v  rate in. such e e a a  is svidonacd by the fa&. that . i w h e a  
of wat e~ has be6n taken f rom t hc &ali 1- dwim the math a8 - 31aW 
by this $ ~ C Q S B .  

, , 
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Total soluble matter 9.50 !5;L*y, . 
Calcium f Ca) -0'7 .06 - .  
WPeai- &I .52 , 00 1.22 2 . a  
Sodiun (l3a & K ) 2.89 1.08 9.88 7-62 
Carboqte (-1 .Ol .02 
Sulfate (SO*) 2. % 1.76 2; 87 4-25 
Chloride (el) 5.29 .94 16.82 15.78 

Total Soluble E~tter 
Calcium (Ca) 
U s i m  (a) 
mium (Ha & K) 
Carbonate [GO3) 
Sulfate (SOq) 
Chloride (Cl) 

Fwr 
A!r I J O m  EID 

(Surface) (1-5 ~ e e t )  
P P 

Note : Tables are f rm lbinzer (1). 
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-sum and anhybfto. As =tor is evaporated tho salts a m  
Procipitatcd and de~oaitod. Tho loast soluablo salts arc naturaYy pre- . 
lcipitatod first and these mould include calcium carbonate and iron oxzde . 
,:-$if present, Gmswi se-ptrztion f o l l m  and it is sually associated with 

, .@nhydrite deposition. Sodium chloride ( o r  c o m n  salt) is ~recipitated 
, 1- L -  . . . pfter the ggpsum and follukhg tke bitter s d t s  of saphates and chlorides 

'1 .lor potassium aria mgnesium, which are usually amng the last to separate 
,put of solution, - The latter are so solGble that they are not always de- 

sited -en salt and -sum are fomed. It he8 a lso  been o b s e m d  that 
these saline residues are 2recipitated they am likely to be 

kedissolved unless they are protected %&last solution by -tar. Wher 
*hey are preserved rmds an& c 1 6 a  oftea Tom a impervious cover whlcl 
serves as a mans of protection q ...& 

- Tsrpenhafel (15) states that the chief processes  involve^ ~n the f- & tion of these saline residues is'the evaporation of watkr in which con- 
;?{ stituent materials are dissolved, &tho@ sorJ, of them, as gypsum, may 
:;be precigi4atBd by chenicd reactions without amporation, and sum oc- 
- '  CUTTBIICB& heve resulted from the  freezip* of M e r .  In som instancer 

dl $?! 
- 1  Wey are also  formed through mplacawnt of other substances, msun 

$:replacing limestone probably being the nost co-n example. Also that 
-6 .; , PT 6 :  SO far as these substances are the result of the evaporation of water . , r  -- 
Y d  they develop either through .the evaporation of Esea water, the waters of ' 1 ;- 

. r 3 lakes and playas, or of waters b r o d t  to the surface by springs o-r ' "  

. eaoiU- aatim. 
-? - r.F 

L* 

. .. m . w  
Saline residues c u m l y  3resefi-b in the lower portions of the P 

Warosa Basin, or the alkali flats , are sod5m chlo~f  de ( c-D s d t  f 3  

sodium iulphcrte (g la~bsr  s a l t ,  a l so  c a l l a  'Ficen and erroneously c a l l 9  
lVaodam), magnesium Wphate (epsm sdt), sodim bicarbonate (baking 
soda), sodium carbonate (washing soda) , calcfun sulphate (gypsum), mi 
calcium carboaak (Iimstone). Plate V on a.fallming paGe taken f'rm 
kinzer (I), shows the conposition of water fron the nar* portion or 

lake and frm a t ea-fsot hole on the south side; also, of the mar- 
ace matefld. at the Eddy soda pros3ect; and sbilar data on raters arM 
oil at the h e ~ d  of the alkalf flat about =-miles further -north. There 

J. 5 s  evidently a larger ratio of Warides to sulfstes. in bo3h the waters-' 
@nd the surface mterials at'the north end of the  flat then in the lower 

'?lake region. Possibly this  nay be accounted for  b57 the fact that 

- 7 -  

Isea, In arid regions there is not sufficient rainfall t o  gerfom th ie  
$unction and in t h e  case of an inclosed basin it would not be possible 

' $he salts theperore re r~a in  in the soil, at times of rainfall they a m b  . .. 
%issolved into solution, and in tims of dmess h e n  water draws tn - '- 



incrust at ion- 
son tlt - soil hmrm as al]rdi, a c m n  feature of the  lower sections a? 

t ietzes of G 3 t p m  - -- 
vwm [C&O&. CSII~J )  ~ G U M - ~  LU 1 3 v v t l r u  different forms. There: is 

t,, mmmhous or microcrystalline variety which includes anhydrite and 
is commonly h o r n  as rock gypm or alabaster. This is the tee that 
frequently occurs in t3ic2 beds, T h e ~ r o c s y s t a l l i n a  vnr lety  of m- 
sun is hovm as selenite. It c o m l l l y  occurs as individual e ~ p t * - -  -. 
in c k j s  and as vains and bands in the clay beds associated with rock 
tgp3.m. Gypsite is an earthy f om of mflun. Satias2ar, a variety with 
fibrous structure, is c o m d . y  found i r ~  veins, but is not pesent in 
the Tlhite Sanaa nreo. 

Anhydrite is an a-ihyllrous ca l c im  sul?hate, CaSO4, containiw 
aul?hur trioxide 58.8 m a  Uw 41,2f Crysta ls  are rare but when ob- 
served are thick tabular and of the orthorombic system, It is charac- 
terized chiefly by its cleavage which is in t h e e  direcfions at right 
angles -to each other, The hardness is 3-32 and s~ecific ~ r a v i t y  is 2.9. 

The hydrous calciun sul2hat;e. known as selenite, CaSOg.W20, is 
cowosed of nul3hw trioxido G.6, lime 32.5, m d  water 20.S9 It oc- 
curs in tabular or d i m a d - s h g ~ d  crystals of the  1bnaclini.c s y s t m ,  
There is c l e a v ~ e  in three directions a d  with a hardness of 2 it may be 
scratched with the finger nail, S e c i f i c  g-avity is 2.32, Luster is 
usually vitreous, sonetinas silLy. Ordinari ly its colar is white, pa; 
S o l m t i n ~ s  various shades oP yellow,. red, brmm, etc., from imgurities. 
This vmiety occurs along.tke vest side of the l m r  U a l i  lake in great 
profusion. V a r i o u s  cryat.als wore observed mme than a foot in lengtb 
and th i s  >robably ~e?reserPts the averwe although Tabqge,A6) meations -. 
crys ta l s  peaching a m@mm length exceedirg four feet ,Y - , ~ , .  

Gypsite is a m s f  ve granular earthy fom of . ~ s m  c o n t a i u  LIW 

' f~uri t ies .  There is a belt c$ msite hills t o  the t e s t  of the SJ~,,J 
Sands pro>er, They a??ew,to be old dunes that have beon compacted and 
cemnted thmugh the  act5011 of water. Satin s p a  is fine and fibmus 
w i t h  a silky luster. ., -4 - < 3-74 -,-; .' 

, -  
' - 1 LY :- .A. -- -7- - 

O r i  in of the Mhitc gaada L---- 

W d s  me occasionally~but rarely con~~ased  of msm. De2ositz 
occur west of Dwan, Ney Ebxico, near a series of de~xeseions or shallow 
lakes filled with msif.exous materials. To the east of these lakes 
mounds of sand dunes occur of the s- c ' r a ac t e r  as the Inite Sands. 
There is no b w n  d q o s i t  of t he  sane-mgnitude as the Thite Sands of 
Almgordo , hmmver . r - 8  A-- 

I - -  , - ,  ' 

m;mm; &a$xa&mi alA?Eu - 
936 
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a c h  &a beep written about tho onigin o r  the gyyswn deposits a% 
%us %cality. It i a  generally conceived that the original source of 
t h e   sum is the Ghu~adesa Pomationa, but the  question is to whether 
%he =sum came from the rocks as they mre eroded frm the r w e s  sur- 
munding the basin, or if they were cerried u m d  by waters under hy- 
e o s t a t i c  pmssure fron below and 3reci-pitated at the surf ace, From 
#e vast quentities of gypsum that mi& hrive been washed into t h i s  basin 
-3 f r o m  various obsercttion as p c e s s e s  which are at present in pro- 
gress and whlch w i l l  be described La%? 1 m inclined to lean taward 
the former vievi, and see no reason t o  dargliccte the 3ict:ire by elevat- 
flrg large quantities of m s w ,  when a m a  simple explanation is 

It woul seen 1rc3 7 t o  m n t  il some of the various opinions 
eqxessed: = -  1 )  : 'The gyps& is darived f ron the m s l d  

in the Pennsylvanian rocks o u t c ~ 7 i n g  in the muntains. Since 
it is compa~atively soluble it lkea br6ught t o  the l o w  interior  

a of the *basin chiefly in solution in the snrface an8 underground 
waters, and m s  re-de~osited men these waters evaporate&, either 
from deaicc9tirg lokos or frm iqr5ngs or -tot areas fed f r o m  
untlergmund sourczs. The deposits thus have been altered 
and further transport cd by repeat&~solu~ion-and redeposit ion 
and by wind ~ m k ,  

BcOkin ( 5 ) :  According to this wldnatioh,  Dmfch diffem 
from that- heretofojre given by geologists, an enbrPovls dogosf* 
of large crysta ls  wes f o m d -  in sodimcnts over a -long poriod 
of ti-, the  sands b e i w  a mnqaratively recent and ra?idly f o m d  
?roduct resulting frm wind erosion md weatharing of the mter- 
iala of thc 1&e bed, East of the lak~ o u t l l e ~ s  of coarse 
w i n d - b l m  crystals caygod by vogotatioa show by their bcdding 
that  hi& dunes of t b i s  m t e r i a l  rceontly ex5stcd in tho region 

"C3C-4. 
x-0 (61 : br ig% nas been ascribed largely to tha actlon 

of ground mtsr bringin6 uph eypm in solution frm benoath tho 
valley. T f e l d  investigation s h m :  1. tnportance of ground 
water in t r a n ~ o r t i n g  a y u m  to %he aiwa where the active dunes 
e x i s t  ha&. been ovemsthated. 2; T b t  mor&&ce of ground matar 
in the formation of the large ahlenl te ~Pgstds ard the inpol 
tance of these crystals as the ultimate sowce of-part of the 
White W d s  has been undereatimbed. 3. Reworketi by wind a n d  
mather, rather than ground water, has been dfrect lg  ms$onaible 

-- Russall (7 ) :  Underlying the TLllamsa Basin are beds OF 
!- P e a a n  limstone and sandstone, between the layers of which . - 

are interspersed thick beds of . ~ a u m ,  Boring made in yecent 

%+mmsm 1~mms 395 
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- dune.** bs*i.:t4*-.t;qaafidW~.o*&~ 
boat wnspwUed mt ~ % & ~  fmmth East 
wf&y W. A caamm t a ~ ?  mw 30 arrmged bo c&ch the 
of m a u m  as they were crystallized f m m  the c-esfc of the mees 

born-foI"t;EAItry WE&, 'Z&dx&5bn show&- t f i e ~ o  t 3  be. true 
- &&a5 6- gq5Ma-a -0' o @ a B &  s t  the or3gia k~;-:fuzfi- a&& dis- : 

me eo~t&&bh. :+%wtra~ p m s  nc:,b;*:.to the . 
~ ~ C B T  a ~ - & &  is -BB e- &ed t ~ ~ r s  is a 
Strong kid bbi&&g?5n'the lasin, .I wt..W egrssed 
'to see &eu1sa 'in the -mhax~Im txf 4 Bsmkaa. -we evep 
though it be encP&:& a .la- x q m L ~ n g : , H g a @ ~  
one of ,these storms.) 

c m i o  m i o i *  Zam:is said to hzm df-sd t ~ e  a s k &  
mcien*  to  m o * h ? ' a 3 q .  l&Ekiosls *&&@l'bgf3M 
thaf d l e y  was -~iik&b~eed :* pros?e~,w &fore t&e 
em?t ibn d&&roffe& - avsr d- bm@t a b u ~ - ; p r e i t  dss&at3sla. * 

> .  

idea as to -the _or%&% of tho mite Sands =,be ;sum#arized 8s 

I .. . 

1, The Chupadera foxmation contains the only h o p p n  source for the - 
Sties of now p r e v t  in the W-rBaab. 

2, Gypmm was 2re e l p i t a $  eii froa the enpomii4pc.M: w$ers & de- 
ps$ted :an t u c k  beds in f her Chnpadera f -tion :of +EB&~IL-- This pro- 
cess was a d e  p o ~ i b Z 8  due to- && 3revaiZhg arid:,mwMms *re Wies 
of water were eut o f f  *am- thb sea, probably by defias*. or,-.%a & m t a  
extendLng or in asballow lakes or p l & w ; v ; l t b ~ . $ h e - ~  mPp1y 
being- mg1enS;sBeB pe~i&c&$y bg sur:*essive e t d r e ~ % e e ~ - z & ~ ~ s t w  of the 

fi?, 

,. - - .  

m% 9. ldDuntain m a g  wmmnts ,  at or near tha c- of the Creta- 
ceous, W.8h faulting md WUng-an a lw;&e&, Pw~A%ed in- the for- 
mation of the T u l - s k * b i n  sumwhat m WE see-$$ t*, - 

4, The Chu~dera Po-tfon and overlying rocks were elevated around 
the of this.m&a, thus m -bl~ p?%d,emsion& 
prooesm. .In the;B&~lu pmpr th:Gbu@era.m4d a w l y b g  w k o  wem in 
a aatied blmk Wth %hoaand f E r  of ~ ~ P ,  T$er 
Bas&i'Wss'prohaUy ml~ h ~ l o s e d  ak this t h  which prrri- mt wan- 
t%%%~ of h&Bter&-Werial~ to-&.-id -.'to,tbe?s@a- -,X&€W~~WB- 
meek elwee- the Basin an6 ~ ~ t t & : m  v3s&b.b --+m&lekafor i%e 
ruck debris or ssl$ne substances e e d  in sol&jbm* i ~ ~ a t B r n .  A 
large lake was formed as is evfdeaced by the tez13?aa@s whi~@ m3y be ob- 
served at the  present t 5m. Evaporation 2 r d 8 $ ' ~ & ~ ~ - % h ~  

.A. 

C 



i +Ff,,dly eovemd by valley 
fill mterial until now it is over 1.000 feet b a l m  the valley f l oo r  in 
places. 

s. Asthe  shr1-e of this lmge ~ a ~ e  WOK pace great metla UT 
the outcro?giw Chpadera rws eroded on the margins (sco sectioas Plate 
IV), Thc thick beds af msm -mro broken u? .and tho laaterial carried 
in solution to l m ~ e r  levels and deposited. A t  sevoral g~riods at 11cast 
crysta ls  of selenite were fo&n@ on a l w e  scale in thia lake bed* 
Photos show the stratified rnsun laid a m  in tMs l h  bed as well 
as tklP a; - eu mar.- 

d m -  
5. & the lake dried u: nd becan alkali flat, rvinds had an 

sortunfty to start the* xvo=IE= of tremportation. The gypsm terraces 
u d  the selenfte areas uere subjected t o  weatheriw ard as t h e  material 
was broken up and reached the stwe to be moved by the winds, the grw- 
ules v w e  carried to the east side of the  lake d deposited, due t o  I 

the prevailing southwest wind.  The Tdhite Sands occur along the east 
side of the old lake bed and m s t  have cone mainly f r o m  the area once 
occupied by the lntre, If the source is f r o m  the d e r l y i n ~  Chupadera 
beds, which m y  barely be jossible for a smll percentage of the  sands, 
then vJ4Ur do tbe sands not cover more of tbc bas1 n as the Chupdsra 
f o r m t i o n  underlies mst s e c t i o ~ s  as evidazceti by d r i l l  holes? 

. Varfous staces of this 2racess of the formation of the sands 
nay be observed at 3ressnt. Since it c a n  be socn I see no reason t o  
resor t  to an underground SOUTCO which > T O C ~ S B  c m o t  be scea, There 
is a gredual 3radatioa of mterids between tho  old  laka b d  and the 
W t o  Sands prowr now ?resent on tho surface, Salenitc crystals, 
=sun terraces, corns2 yellow c r y s t a l s  forning dunca with f ine r  gxa- 
iation castward, interminglad with ~ypsite hi l l8  and soms of the older 
lunes shmiing cross-beddinl: and now mrc or loss ccmentcd, a d  f inal ly  
thc Whitc Sands :moper, f roe  froln fine s i l t  which has been carried on- 
ward by the winds. Tho gradatiorml zoncis ncntfonod aro not shaqltj 
dcrinod but o-verlap and i n t c d ~ l c  it is doulotfu if t h y  could 
bo m>gcd to satisfaction without comidcxablc tim being sycnt in tho 
3x.rca and even then tas t  hole d r i l l i n g  tvould probably bo noccssary Psith 
zonsidorablc gcpcralization as a final rcsult. - 8. Crystals no& being 2recipitated in the flats forming crust, 
la a normal seqhence; d a c e  the whole urea is saturated with gypam, 
b u t  it s e a s  W y  probable that this could be a saurce for the larger 
roluba of gypsum sand and at the s a x  the tbere mst be a s t a r t i n g  
gofnt since thia feature was evidently no% in progress until the dtanea 
were well under cokt ruc t ion  nnd the area to the east of the old 3.- 
bed did become saturated with 

:"rkrvenent of t he  Sand D,mes 



dunes to the eastmrd. &-that the Pallr Service m e  mad* a Ha@onal 
Honw~nt in t h~ area exact measwent  s ahould be made. 3h- t 4) 
mentions an advance of ahayt on5 mile in 20 years. F r m  local xepo&8 
this estimate is mch too-karge. At the southmat comer  10 t b  26 feet: 
aer year is m i d  to ?M more nearly correct. Them is the poaslbilitp 
of c o r t q @ t h g  the.~&e.of-adqatb~n with the age of the yuccas. 
Ric-s {I21 dstbmt&s' th&t tb6 sands w i l l  mve into Mm&+o 'in 
4097 A.D., and would reach Warosa ebout 6151 A.D. f do no2 bexieve 
that he.,coneUewd the. -t of m a i f e m  W e r i a l  rerrmining in 
the old lqke bed' io  be -k&spxted 02 *hat tly fact that the elder 
dunes b e c m  mre or lgss c b n t e d  with tmspo;.taticm 3maesosea not 
so easily fnvalved. At any rate th residents of the above mentioned 
t m m  have 3.+%tle to fern for som time  no^ mad the Fark Service take 
out m$eatian in &m&~ t o  the east ih order to have Tlhite Sands for 

-6 .; %, - .  l';.*>- 
I ~ie&*tGt'~rasaht-~visi^ta~s 

e8ting ~ ~ a t u r e s  of the m ~ n t  in that BQ road is avaflahle t o  2mceed 
into the area of the old- lake bed. In cert G n  #asam travel may be 
made over nost any section of the alkali flat, The road coula easily 
be constrmeted along ,the we& -gin of the sands wUch would permit 
trawl at all t i w r .  TMs vrOuld aflord m opportudty fur the p b l i c  
to obtain a better gicture of the source of the now present in 
the White Sanaa, EBrages, a closer view of the  Sar Andreas Wuntains, 
etc, ,  m u d  Len& mch t a  th: mri-t.a of such a developmnt. Thcae fac- 
tors notwithstanding the idea that it mula be pull& anay fmm the b+ yl! 
9icnic  practice* a m  ? m a l e n t  in the schem of t2ifngs. The geologi- 
cal &ory could be r e l ~ M l  in a w h  mre satisfactory manner af tor  , 
or during a vTsit t o  thlg area, - 1' ' 

TmiC-les, rcsidqn* custodian, is a l ive  xire oos er for the 

3 
Phite Sands and is &of% mch good work for the Park Service. All pos- 
s ib l e  aesietance was mpylied by h- during my visit ,  Ben Dauglserty 
and Wry k h u ,  Jr., of the park staff, accmganied me on several 
trip and their gresence vras badly needed at tjplos especially in th@ 
digging out process, bk. lbhun, as wol1 as Dr. T w e ,  of thc New 
E~XICO ah001 of Eims, suyglicd n c ~ a t i ~ e s  for a rrunbbr of the photos 
attached fir *%oh aclmmledgmezst w i l l  bo q d a  later, Whit m s  
is an area tbt the P&k SOmico caa justly be proud and P i d i t  was 
Indeed -st doli&tAzl, + i - 0 1  

? '*q 
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