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INTRODUGTION

‘ Daring the summer of 1954 a atudy of the Terry Uranium
] Prospect near !fonticello, ¥ew Mexico was undertaken. The puszpose
" of the investigation was te make a study of the geology of the ares,
which te the knowledge of the author had never been done previously,
and of the mineralogical assocations using the- apparatus a.wa.ilahle
at- Coluwbia Uni.vursit.y.

The project was 'carried out und'er f.he aupeﬂision of
-Professer Paul F, Kerr of Columbla University., The work wae sponsared
by both Columbia and the New Mexico Bureau of Mines, The latter also
provided field equipment during the summsr. The auther is much indebted
to Dr, Eugene Callighan, director of the New Mexico Bureau of Mines,

* for hie advice in carrying out tne field investigation. He ‘wishes, alsp,
to thank Mr. Anthony J. wise for his valmbla assistanw in the field,

, . The Terry Uranium Prespaet is located asbout one and one-haa.t
miles north of Honticello, a small village at the southern end of the
San Mateg Mountainsg in New Mexico, It is accesaiblc by good diﬁ. roads -

to within 2 few hundrod Toet,

The relief in the imdiate ares oi‘ the p**ospect is about
200 fsot, the approximate elevation sbout 4000 fest, The wuntry is
arid, ,}uniper and aags heing tha comon forms of vegetatian.

LITHOLOGY s _ ‘ .-
The Torry Prospeot is locatod in an area of sediuantary

and intrusive rocks surrounded on zll sides by either volcanies or
quaternary gravels, For this reason it has been difficult to relate

the geology to adjacent areas. Four major rock types are found in :
the immediate vicinity of the prospect: (1) Limestone, {2) Silicified
limestone, (3) Sandstone, and (4) Cuarts mensonite., Although the

quarts mensonite and sandstone have also been silicifled in areas,
" the difference is not se atrik:ing, hence, they have noig ‘neen clauified
as’ silicified and mailicified. - .

: An abundamce of crinoid stems in the limcstane and the
pregence of silicified wocdy materisl in the sandstons strongly suggest
that -the beds agree with strata known to be of Carboniferous age.
The interbedding of sandstone and limestone with some bands of shaly
' materisl in the limestone also fit the description of the Carbenifervus
Hagdclena group as described by Rothrock, Jchnsan, and Hahn (1946).

The common association of fluorspar wi.th late Cretaceous
and oarl;r Tertiary mongzonitic intrusione throuvghout the state of New
- Maxico suggests that the quartz nonzom.te sill at ‘”‘he Terry Prospect
is most pro‘usbl,y of thc same age.




"+ along the axial plane, . This weakness wonld creats a channel way for

" west, At a depth of emdy a few feet, therefore, the sill is found to
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 STRUCTUEE:

- On a regional scals the sediments strike roughly north-south
and dip edst at 30 to 50 degrees, In the immediate vicinity of the
prospect, however, the strike swings abruptly around the nose of an
anticline and continues at about S45W. The nose of the anticline may
be followed eastward for nearly a mile where it is possible to observe
that - -the beds resume their nortbh-south trend & short distance south ef
the anticline, Throughout this area ths lithology . .controls the topegraphy
te a considerable degree, The sandstene stands up in long north-secukh
ridges, while the silicified limestone is responsible for an occasional
prominencs, The Terry Prospect is on the west pide or ong of these
long sandstono ridges, '

s 'rhe West slope of this pact.icular rid.ge cons:.sts almost
entirely of the outerop of a quaris monzonite sill, The uppsr contaeh
of the sill roughly parallels the beds and swings around the nose of
the anticline. The lower contact of the sill psrallels the beds for -
nearly half a mile north of The Terry Prospect, but abruptly cubs
aeross the beds near the axial plane of the anticline, The anticline
probably preceeded the intrusive developing weakness due to fracturing

the npward mving migma thus providing a .feeder syatem for the sill,

At the northern end the sill teminates with an irregular
contact along which the sill interfingers with-the beds, HNe indieation
of injeetion under pressure was observed in this arsu; the beds above
and below the sill are parallel and continue to be parallel bejyond
the point where ihe sill ends, It 1s quite possible in the light of
this evidence that the.quarts monsonite made its way into ite present
hcatim by ex‘hmive assiuilation.

At the south end of the sill the relationshipa are pbscured
by the encroaching gravels. The map gives the erroneous impression
that the sill terminates at the prospect workings, This is because
the contact between the 311l and the block- of silicified limestone
containing most of the mineralisation dips at a shallow angle to the

extend out under the gravel fill, In spite of an exhaustive search,
no indications of bedding and thersfore no indications of erientatien
were found in ths 1snlated block of silicified linea‘wm.

. ':hi.a nineralized limestone ua,y be & disoriented block suapended
i.n the quarts mongonite or-it may sctually be a part of the well, In

the latter case it would be oriented, but would make a discerdant com~

tact with the underlying quatts wonzonite,  Within the block and the

ajacent guartz monzonite there is much breceiation which served as an -

excellent host for the mineralization. The origin of this breccia is

most likely attributable to the late stage solutions from the inktrusive,

These may have dissolved msterial along fractures in hoth the limestone

and the quartx mongonite to ceuse whit uight be temd a colliapse '

breceia, , , _

Running through the breccis there is a gouge sone uhieh,
shown in Fig. 2 is nearly vertical, HNo displacement was observed but
it may possibly be a large encugh feature to partislly account for the
high degree of mineralisation in the vicinity, Also running through
the brecciated area are narrow vertical zones of @aliche. These are
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_ belim'ed to be seeondary features occurring at a time long artor the
nineralization, Weathering may have widened !’ract-urub a.nd carriad

o ealeitu ,{rou nearby limostom to £ill thm. o

DETAILED D__Q_IQJ’TIOH ANDH EENTﬁ‘IﬂATIGN GF THE QUARTZ hKJHZﬁIf.Ei"}:.L

.  The intrusive is moderste to. 1ight celoreﬁ. In the hand
specimen it is clearly porphyritic with phenoeryste of less than one
nillimeter in sise. These phenccrysts are ltered to kaolinite znd
readily weather out on surface exposures giving the appearance of a
rock full of emall gavities, The rock as a whole is softer than the
surrounding silicitded sediments and therafore caupses 2 depression
in the west slope of the ridge, o

The high degree of altarat:ion makes only an estimate of the
origitul mpasitiua reasib’le in thin section study. .

Estimated griginal cmsi’am of the Intrnsive

. Plagiﬂms. (mase?)oonint-p'tu.qn..'l. 65% ; A v""%-
= gz, Fyuprn

Qﬂl.'rtx...”......u-uuou...u.-.......... 25’ S o

apatite...-bah...,...l'..‘.’.-.‘Q‘.I'.I...Q’A
m’tit‘ﬂoqqng'ucoocﬁp'.t..li.s'.-t...cpbud, 21
4 Pbt‘sh raldw'..“l...IQ........"‘.’.“.. 5
g (suggested by the shapes of soms of the phmnrystt}
' Pyroxene or Hornblende.sveveseresccosisorees. 5%
‘(auggested hy the prascnce of chlorito as an alteratum ‘
pndact) : _ , ‘ ﬂ o

, In 1%’3 present sta.te the rock mnsists largcily of altcratiom ;
- products: L ) e » ¥
Kaélinite (rroz feldspérs) R
Sericits {(also from rnldspars
cnlarite (possibly from pyroxcnas)

' 'The typical pnlys)nbhebin twimxing of ths plagioclases my
still be seen in places whers alteration to kaolinite or sericite is
incomplete, The original quartsz remains unaltered but the addition
of later hydrothermel quartz makes estimation of the original quantity

" 4iffieudt, On the bases of the infermation given above the author has

concluded that the sill material was originally a quarts monzenite or

an igneous rock of similar cmposition.. o

RADIGHETRIQ SUQEY 3

A ra.diomtric survey of the area wae run: ﬂth a n{uclemter. _
The intensity of the radiation and the configumation of the radtoactivity
is indicated on the map by contour lines. The contours show three
centers of high radioactivity, each with a down hill projection dus to
tramsport of ra.diuct:.ve boulders p.nd gravel in normal surface erosion,

THE HOBJCIRGS
The workings consist of a pit. 15. feet daep, 17 feet 1nng, and

10 feet iidc.. It is this pit that afforded the exposure shown in Fig. 2,
On either side of the pit thera are 'hwo very ‘shallow bulldoser trenches,
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&7.1 of the wrldngs broke through the silicifi.d lineatone inta tho
mﬂcrlying qnm: mnsonite. - :

WIG&L IWESTIGATIOH -

LABORATORY E@IPHEBT USED:
Thin seetiona and trawnts exami.ned under & polarigzing

micro#eope provided mch infomation. A binocular nmicroscope was
also used, - _ - L

X-Ray biftgaeeim

. An x~ray powdar camera was used i.n the inwstigatmn of '
uranium minerals and the kaolinite, The sample was powdered and phead
in the genter of the eylindriczl Debys Camera where an x-ray beam of
characterietic copper radiation impinged on it, The x-rays were
reflegcted at various angles by planes of atoms: in the mineral sample -
and recorded on photographic film on the inside surface of the cylinder,
Aecording to Bragg's law the angle of reflection is a function of the
interplanar spacing when the wave length is kept constant, It was
pessible, therefore, to dstermine the interplanar spacings of the stoms
in the mineral, and by compsring them with the compiled data in the
ASTH Index (1953)- preliainary identirications vore made,

l}irrarenti mm a}. sis'- .-

This inatrmnt. oonsista of . pa:tr -of themal couples plmell
slectrically in series so that the pot-ential cf one opposes the potential
of the other., A thermally inert substance { } surrounds ons couple
and the sample is packed around the other coup 503 The whole assemblage
is then heated in an electric furnace at a constant. rate of 12°/min unti,l
‘a temperature of 1100°C is attained, As long as both couples are at ‘
the same temperature, ne current flows, Az soon as one is either
" hotter or colder than the other, however, a current flows and is reg.
istered on & graph (L. & N. Hecorder) which at the same time records
the temperature of the furna¢e., The graph then shows acmra‘bely the -
© temperatures of reactions which either yield or absord heat, These
reaciiens show up on the graph as deviations from & base lime, the
direction of deviation indicating whether the reaction is exothermic
or endothermic. - Reactions commonly causing such effscts are loss of
water of erystalization, decomosition, and change or breakdown in
crystal structure, This method of mineral idemtificationr is discussed
in guator utail hy Karr and Kul.p (19113). o

Autoradmgraghs

_ This method onnsiats s.’mply of placing the flat. aurfaeq of
a sawed rock against & photographic £ilm which is sensitive to alpha
particles., When the film is developed, dark spots consisting of thousands
of microscopic sireaks indicate the location of the radioactive ninsrals. -
‘nze ﬁ.ln my he laid on the rack surface fﬁl‘ careful location, o
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 BISCUSSION OF gnxvmu.u. mmmm-
' Silica Minerals:

On a qnantitatim basis t.he siliaification is the principal
phase of the mineralizatiom. It represents the removal of large
qu:ntities of carbonates and the introduction of vast amounts of silica.
In the immediate area of the prospect the ‘silicification forms a -
rough aurecle arcund the intrusive, Along the contacts the sediments
and even the quartz monzonlte are sillcified, | Away from the intrusive,
however, the silicification diminishes, Although a fairly sharp con~
tact may be drawn between the limestone and the silicified limestone,
there is a fringe zone in which the limestone i3 50% or mors calcite -
bat contains silicified crinoid stems and chalcedony in fracture planes, .

The ailica shows prefersntial replacement of calcite in
place of cavity filling in the breécclis zone, Hers the fragments are
chalecedony while the cavities are rilled with fluorite, kaolinm,
uranium minerals or remain empty. In thin section, however, soms of
the cavities show a lining of guartz crystals, In the sandstone and
quartz monzonite the intreduced silica. behaved 88 & camentlng ngmt
or ﬂ.lled fraetures, . .

Iron and Ha.ngmesa Oxidea

Much of the silic:l.fied limestcm is mlored rﬂd, hrmm,
waroon, and black, These colors are atiributed to staining by iron and
manganess oxides, In the sediments stains are assoclated with the sil-
icification. There is an abundance of iron staining in the quartz -
 mongonite as well, undoubtedly due to the oxidation of the magnetite,
The black manganese occucs as a coating on fructure planes and surfaces
of the silicified limestone unlike the imn cxide, which is to be found
" in the chalcedony, . , ,

T l'?!.unrite: '_ ' | D ' _; ;'.'

Flnorﬁ&sation is dirfieult t.n reco@iae in this area, ror
the fluorite weathers so much faster than its silicified. natrix that
it usually leaves nothing behind but skeletal cavities, Since ihs
fluorite oceurs as breccia filling, its removal by weathering leaves
the rock with countless breceia fragments projecting from its surface,
- Thie feature hks a peculiar appearance and is easily recognized in
the field providing a fairly reliable eriterion for fluoritiszation.
when this criterion was applied to the silicified limestone surrounding
the sill the fluoritization was found to be remarkably extensive, :
Where the workings have exposed fresh rock, the fluorite may be readily
obsarved, Here it was found in ths-hreceiatad quarts monzonite as
well ss the silicified limesione. Hegascepically the fluorite is
l.luays found a8 breccia filling, ' ‘ o

' The color of the ri.te sesmsto be-a direct function of ,
the radiosctivity, At the cellbor of the pit whers the count is highest .
the fluorite is so dark as to be opague in hand specimen, In thin =
section this material was round to be & very deep purpla although the
color is Sporadic. '
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S In the thin section study of the breceiated material from o
the pit two types of fluoriie were obsérved, {ns is s fine grained

materfial which originslly filled the breccia spaces, - The other is a

mre&oaraely crystaline variety formed in the 1ittle veinlets which

cut the brecoia fragments and the breccia fill as well, These veinlets

also contain more cearsely crystalline quartz. They most likely
repreaent a later phasze or the gilica and ﬂnorite mineralization,

' The coarsoly cryutallinz flunrite shows color banding nnder
tha wicroscope, The bands usually cccm'_along planes. of crystal
grewth and are probably dus to slight variations in trace element :
composition or erystalographic imperfections affecting the susceptibility
of the fiuorite ta colomtion by irradiation ,trom the nedrby uranium
N mralsg

: When tghe dark fluoritekwas _ha_ated to seveml ‘hxmdred degress
contigrade it became white, X-ray powder photographs were made of the
different colored fluorites and of the fluerite that had been heated,
Yo significant variations were found by this procedure but ample
identification of fluorite was provided, Some of the darkest fluorite
was ground and analyzed for uranium both' by x-ray fluorescence and by
borax bead test. Doth of these tests were nagative indicating that
the rlnorito contains only very mimr munts ‘of uranium if any,

In a hand speaiman casts of Iluorite crystals were found in
silica indicating that at that point the fluaerite: preceedad the gilica,
In one of the thin sections, however, fluorite was found filling a
cavity by growing on top of quartz crystals indicating that the fluoritc
followed the silica. The only econclusion that cen be drawn from
these seemingly contradictory pleces of evidence is that the silica
and fluerite were virtually contemporaneous, first one predominating
then the ot.her.

Uraniua ninerals: ) _ '
Four uranim minerals were idcnt.ifiéd:
59 Uranophéne
2, Tyuyamunite

3. Carnotite
4, Uraniferous opal

'Urmophme cccurs as inclusiona in the silicified limestone
fragments of the breeciated xone and as well developed primatic crystals
in cavities throughout the brecciated zone, It ia comnly assoc:.atad
v with mlinite in thote cavitius. ' : . .

aome of the well forved. ynllow need}.as were ground and )
placed in the x-ray powder camera. Inter planar spacings are given .
in the tollowing tahle- , . e .
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YELLOW NESDIES . . URANOPHANE

b ad) L 1]

10 © 7,89 .10 7.89 - B ; "
2 6.55 3 . 6.58 . ) LIRS FLE
2 5.3 .2 51 . -
h 5192 3 4,808

1 - ko267 2 . ho267

5 B9 5 3.948

2 - 3.504 2 3,504

3 3,196 -3 3.20L

3 20985 3 ‘2998? ’

3 . 2,901 2 2,902

i 2.0 2 2.695

1 2,620 2 2,621

1 2,526 -1 2.5L8

1 2,189 1 2,199

1 2,097 2 2,096

In the northern trench the north facing wall shows a graa.t

deal of ysllow coating, This material is flaky and almost entirely

surficial, It is gquite possible that it formed after exposure by the
bulldozer. This material was identified us a mixture of tyuyammite
and carnotite by the X-ray data given :in the table ‘balou-

YELLOW COAT . TYUYAMUNIIE ** - CARNOTITS

1 a1 agxz I a(2)
10 10427 ' 1 10.18 o

1 6,36 S 642
3 54007 : -9 2 5.019 '

1 4037 o

1 3.3713 3 34366

3 3,218 5 3,202

1l . 2:15‘_ 1 E 2-159

1 2403k b 2,039

Pietures 91' the yellow coating Irom other specimens showed -
no tyuyamonite lines but showed only a very faint line at about 6.4
to 5.5. Carnotite is probably present in fairly large amounts but for
somsa reason does not give a good x—-ray photograph. Pcrhap'a it is too
Tinely crystalline.‘ ]

The uraniferous opa.l is the only mineral presen’c. in the
specimens from The Terry Prospect which was found to be fluorescent
under ultraviolet light, Under the binocular microscope the material
could be sean to have the typical botryoidal form often characteristic
of opal, The material was readily identified under the polarizing miero-
scope with the ald of refractive index liquids, It was found to have
an index between l.460 and 1,465, This falls within the range generallr
accepted for opal (1.40-1.46)(Rogers and Kerr —~ 1942). It was also
isotropic under erossed nicols, These properties arég felt to be
ntisfac‘bory .t’or the 1dentificauon of opal. : :

#* H&milton and Kerr (1953)
%% Vaes and Kerr (1914.9)
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- The further identification of the material as uraniferous
opal was accomplished with ihe aid of autoradiographic fidm, A fragment
of the opal was taped to the film for several days. When the film was
developed, alpha tracks wers found where the fragment had Reen, indicating
the presence of radiouctivity in the opal. The green fluorescence of
the opal is a good indicator that the ra.diowtivity :La due to uranium.

c‘laz !{aterid

Clay occurs in two ways at 'rhe ‘Iarry Pmspuet, as alterad ‘
phenocryats of feldspar in the quartz monzonite and in cavities in the
brecclated zone. The latter are found in sizes an inch across and-
sealler, Tt was not possible to obtain encugh of the clay frem the
phenocrysis to run a differential thermal dnalysis, The clay in the
breccis was yun and a ourve obtained sz given in Fig, 3. This curve
shows dothermic peak at about 630°C and an exothermic pesk at
about C, This compares favorsbly with a curve for kaolinite from
Gordon, Georgia given by Spail et al. , {1945), In Speil's curve thers
is an endothermic react:.on at 630% ¢ and an smthamc reaction at 980°C.,

X-ray photographs were run on hoth gocurrences of clay rm.
The Terry Prospect. The high degres of similariiy betwaen the two
pictures is goed evidence thai they are both the same mineral., The
picture of the breccia clay was clearer and was, therefore, jsasured
for Aidentification purposes., The d(®) walues for this clay are listed
in the following table slong with the values for kaolinite as given
by Brindley and Robinson (19131;-6). s

__BAY DATA FOR_THE THE CLAY

CLAY ‘ - IR mamsmx
1o Tel3 10 - 7415
h Lh36 5 kok5
- 10 3,588 10 3.57
1 2,561 T 2.55
1 2.499 B 2436
2 2,341 -9 2,331 -
 § 2,301 8 2,284
1 2,199 3 2,182
i 1.999 T 1,985
1 1893 . 2 1.892
1 1,789 ) 1.778
1 1,667 8 1.659
1 1.623 7 1.616
b8 1,592 4 1.581
1 1 5his 6 1.539
2 1.492 9. }..kﬂé

The kn&n.ized phmcryats in the quart.z mnnonite pmbably
formed as the result of alteration of the raldspar by hydrothermal
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solutions, The kaolinite formed in this way may have been Lransported for
some distance into the brocciated limestone by the hydrothermal sclubions,

Thia would account for the kaolinite filled cavities jin the minerslized zene of -

- the siliciried limestone, According to Grimm (1953), bydrothermal origin is

© . -mok wneommon for ksolinita. - A e -

-

o

CONCLUSION

Frox the obsarvatlons mude in this study, it is possible Lo coms to
eonelusions concerning the sevusnce of avents as tollows,

Interbedded limestones and sandstonasware deposited in late Paleosoic,
They wore subsequently tilted to an easterly regional dip between 30 wnd 50
degrees, Possibly during the tilting some folding took place bringing about an
arching of the bads into an anticline. ilong the axial plene of the anticline
fracturing took place, Rising zlong the Tracture zones a magma of queriz
monsonlte composition moved upward forming & dike. - When it reached g zone of
limestone and shaly limestone betwesn two beds of sandstone, it spread out to form
a 8111, Apparantly much of the limestone and shaly material was assimilated as
thers iz little indicution of forceful injectiﬂn. '

During the late stages of crystalllzation of the magms an abundance
of silica was tramsported from the sill to the roek surrounding the sill,
Since there is pood evidence th.t the fluorits both precceded the silica and
followsd it, these {wo materials are considered to be aimultusneous. It has not
. been possible Lo confirm the relationship of the wranium minerals from the
évidence offered by this deposit. In other loc lities, however, such as Marysvale,
Ut:h and CGrants, New Mexico, uraninite is found intim tely asscciated with fluorite
indicating simultaneiiy of formation., Although no uraninite was found at the
Terry Prospect, it probably was the primury mineral forned at the time of hydro~
thermal a@tivity.

As erosion took place bringing the deposit closer to the surface,
ground water penetrated fractures and small cavities converting the primury
wranium minerals into ths seccndary nnes as found today,.

RXTENT OF THE MINERALIZED ZONE:

The location of the prospect on the border betwsen the rock outcerop
and the Aeap valley £ill limite knowledge of the extent of the mineralized
sene under the £ill, If as sugrested, the mineralized block of allicified
limeatone is marely a disoriented block suspended in the quartz monzonite, then
one might sxpoact the mineralization to be limited to the relatively small block.
There is, however, a reasonable possibility th.t there are other blocks and other
quartz mongonite-limestons eont .cts favorable to mineralization undazr the fill,
' The presence of such blocks could be ascertained only by explorabion.
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FIG. 2 SOUTH WALL OF THE PIT
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