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PLATE 2
Sketch Map of Mount Taylor Voleanic Area

The plugs have been numbered for description starting
with nmumber 1, Csbezon Pealk, in the upper right corner,
Mount Taylor Mesa is now called Mesa Chivato,

Taken from D, W, Johnson, 1907, nc seale given,
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INTRODUCTION

When the writer was examining some of the voleanie
plugs near Cabezon, New Mexlieo in the spring of 1951, he
discovered in Plug No. 5 (Pl. 2, D. ¥, Johnson, 1907) some
umuisual, large vitreous inelusions, Plug 5 is sbout 70
miles northwest of Albuquerque, New Mexico and 5 miles
southwest of Cabezon Peak, a prominent landmark in the
southern San Juan Basin (Pl, 1), Plug 5 1is in the northern
part of T, 15 N., R, I} W,, New Mexico., It is sccessible
from Albuguerque via U, S, Highway 85 te Bernalille, from
Bernalillo west via State Highway L) to a point about 15
miles north of San ¥sidre and then westward about 20 miles
on an unimproved dirt road through the settlement of Cabezon,

A brief study of the physical and chemical properties
of tho mineral inclusions failed to yield a positive iden~-
tification, and therefors an x-ray powder photogr;ph was
made. Tho lines on the photograph were measured, and the
d spacings of the three most intense lines were referred to
the A, 8, T, M, card file (A. 5, T. M,, 1950)., The d spac-
ings of the lines indicated that the mineral was probabdbly a
pyroxens, but they did not exactly coincide with any of the
pyroxenes in the card file.

A quantitative chemical analysis by a graduate student
of the Department of Chemistry at the University of New Mex-
ico gave the following results:







Constituent Percent
Fen0 2.0
Fed 3 10.9
Bal 1.09
Cal 20.63
¥al 6.&2
81 19.59
Alp 701%

PE A T 1
Total 99-30

When these percentages wéro transforned to molecular
proportions and compuled as & pyraxene, there was a discrep-
ancy of half 2 molecule; consequently the mineral did not
seem to be a pyroxene. The most interesting thing abeout
the chemical analysis was the presonce of Ba0 and the com=-
plete sbsence of kg0l, the latter being present in nearly
all natuwral pyroxenes,

Because of this evidence it was decided that the
mineral was probably a new species, A complete x-ray exami-
nation by the rotation and Weissenberg single-crystal tech-
nigues was undertaken. As no small erystals of the mineral
have been found, it was necessary to use tiny fragments and
to orient them by x-ray methods. The tiny pleces have a
cleavage which resembles a subeconcholdal fracture, and
what appears to be another very, very poor cleavage. The
reflections from these cleavages are very poor and fuzzy;
so that orientation of the fragment on the two-cirecle
goniometer is impossible,

The first fragment was oriented with the axis of
rotation normal to the cleavage that resembles & sub-
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conchoidal fracture, and adjusted exactly parallel to a
translation direction by a method to be described in the
chapter on structural erystallography. A rotation photo-
graph was taken and measured. The identity perlod of this
translation direetion is 6,61 A, Rotlﬁion pictures were
taken about two other translation directions at right angles
to the first and their lengths are 6,66 and 5,38 A, The
lengths of the g, b, and ¢ axes of augite are about 9,71,
8.89, and 5,2} (B, E. Warren and J, Bisecoe, 1931, pp. 391).

Usually there are several translation directions in
e monoelinic lattice, and in this particular one there are
two extra, fortuitoua directions perpendlecular to the pris-
matiec cleavages of the pyroxene and In the plane of the &
end b axes., Two more rotation pictures were taken around
axes parallel to the bzuectm of the angles between the
cleavages on Tthe ragment, The leongths of these directions
are 9.72 and 8,97 A. W¥ith the 5.38 A length of one of the
first vdiroctions. thono compare favorably with the unit
cell dimensions of auglte,

The xeray evidence csst doubt upon the chemical analy=-
sis; therefore some of the original sample was fused with
msoh. dissolved iIn aeld, the solution made strongly ammone
iacal, and the solution tested for magnesium by the additien
of dibasliec sodiwm phosphate, n.em'ch. An appraciable amount
of mhIsP% precipitated when the solution was allowsd te

stand overnight. Two more samples of the mineral were sent
to the Department of Mineralogy and Petrography, Harvaerd
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Univeralty, for gquantitative chemical analyses. The results
confirm the presence of Mg0 and indicate the mineral 1s a
variety of auglite,

Plug 5 and the other plugs of the Mount Taylor volcan-
je field are probably of late Mloeene or Pllocene age {C. B,

Hunt, 1937' Pe 57)0
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PHYSICAL PROPERTIES

The speecific gravity was determined on a Jelly balance
by weighing the sample in alr and then in water and applying

the formilas

Weight in air
Welght in air- Weight in water

Density (d) =

or

7 292
gt

The hardness, 5-6, and the cleavage, poor (110) at
anglea of 87° and 93°, are the same as those for other
clinopyroxenes.

The luster is vitreous, almost resinous or pitehy in
some specimens, The color is black in large pleces of the
augite but yellowish green in thin slivers. Although the
asugite is almost opaque in large pieces, it 1s translucent
on very thin edges.

No mutorialAnhowing erystal fnéea 'a.‘round. bﬁt it
is assumed that the morphological forms would be the same
as in normal augite,

Some of the speeimens show distinct front pinacoidsal
partings which are filled with fine caleite, clay, and iron
oxide,







OPTICAL PROPERTIES

The optieal propertlies of the augite were determined
by matching the mineral with index liquids in sodium light,
ny = 1,695 ny = 1,699 ng = 1,713
The optie plane is parallel to the {010} and the
optic angle (2V) is 55°, The extinction sngle (X A ¢) is
115°, The optie sign is positive., The augite is not pleo~

echroiec,

STRUCTURAL CRYSTALLOGRAPHY

The structural crystallography was determined by a
series of powder, rotation, and Welssenberg xeray photo-
graphs,

The results of the powder photographs are shown in
Table 1 where the 4 spacings of the Cabezon augite are com-
pared to the d spacings of a specimen of augite from Bilin,
Bohemia (A. 8. T. M., 1950).

The d spacings or interplanar distances were computed

from Braggs formulas

e s Bl
2 Sin @

1,9 is the distance between two corresponding lines on
a powder photograph and ean be measured directly in milli-
meters, The distance is divided by four to give 8. /4 is
1.9373 A for an iron target x=-ray tube with a manganese







TABLE 1

The d Spacings of Two X-ray Powder Photographs

L

of Augite
Plug 5

dA aaA
7419 i 3.31
1«63 1 3.26
ly o146 3 3.20
B3 ER
e 3 5088
299 10 27
2.35 6 2
2, 6 2,51
2.56 5 2436
2.53 3 2429
2.50 5 2.20
2.29 3 2.13
2,21 2 2.0l
2.13 5 2.00
2.10 E 1.97
2,03 5 1,93
2,00 3 1.82
1.82 2 1.78
1.75 i 1.74
1,67 3 1.2%
1,63 1 i
1,62 I 1.66
1.61 1 1,62
1.§E 5 1.57
1. 2 1057
0 R 1%

» 2 L ]
1.h1 6
1.39 2
1,33 1
1.31
1.29
1,28
1.22
1.
1.15
1,13
1.0
1.0

1.06
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PLATE 3

Three X-ray Powder Photogrephs
The angle 20 increases from top to bottom, Note the
differences in the d spacings as 20 becomes greater than
90° in the bottom halves of the photographs.

Figure 1. Augite from Plug 5.

Figure 2. Diopside from Hastings County, Ontario,
Canada,

Figure 3., Augite -~ Locality unknown,
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filter and n is a constant whose value is one,

The rotation and Welssenberg photographs were taken
on a Welssenberg goniometer with an x-ray tube using an iron
target and a manganese filter. The speclmens were tiny frag-
ments of the augite because no crystals were available,
These fragments have a very poor cleavage whieh gives a poor
reflection so that they cammot be oriented with the two-
circle goniometer, It was necessary to orient the fragments
by an xe-ray method,

The x-ray method of adjusting a crystal fragment
around a translation direction used by the writer is similar
to that suggested by Bunn (1946) and the Donnays (1951, Pre=
print) but 1t differs in being simple amd having no compli-
cated formulae,

A fragment or poorly developed crystal of a mineral
is mounted on the universal head of the two-cirele gonio=
meter in the usual manner, If there are any cleavages or
other morphological features that may help in the orienta-
tion of the speecimen, the mineral should be put on the
goniometer and oriented in the same mamner as the orienta-
tion of a perfectly formed crystal with the objeet of bring-
ing some erystallographle axis as nearly as possible paral-
lel to the axis of rotation.

The universal head is mounted on the Welssenberg
with the large (L) circular are on the head parallel to
the x-ray beam and the small (S) eircular arc normal
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to the beam, The Welssenberg goniometer in the University
of New Mexico Geology Department is in this position when it
reads 279.,2% on the vernier scale around the axis of rota-
tion, The mechanism is then adjusted to oscillate 10° about
this zero point-Z?ho to 28&0.

The Weissenberg camera 1s loaded with a strip of film
1% by 6% inches in such a way that the long direction of the
film is around the circumference of the camera and centered,
One cormer of the film is notched and this noteh is placed
in the upper right hand position in the camera as seen by
the operator looking parallel to the direction of the x=-ray
beam, When the camera is in place before the x=-ray beam,
the specimen is oscillated 10° about the Welssenberg zero
in an unfiltered xe-ray beam for 10-30 minutes, then the
proper filter is placed in the beam and the specimen is
allowed to rotate 360° for a similar length of time., At no
time is the film or camera moved,

The film is developed in the usual manner, It will
have upon it the usual spot reflections and streaks radiate
ing from the center direct beam spot (Pl, 5). These
streaks are used to adjust the specimen more nearly parallel
to the axis of rotation, If a translstion direction of the
crystal is parallel to the axis of rotation then the longest
well=defined streak 1s a straight line parallel to the 0
layer line and perpendicular to the shadow of the direct
beam absorbing target., If the crystal 1s not in adjustment
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there will be & curved streak that will make some angle less
than 20° with an imaginary straight line where the 0 layer
line should be, The amount and direction of curvature of
this streak depends upon the angle and direction of displace-
ment of the translation axis with respect to the axis of
rotation in the plenes of the S and L arcs of the universal
head (Buman, 1946, pp. 173).

If the translation axis 1s displaced only in the
plane of the S are, the streak forms an arc that is symmet-
rically disposed on either side of the imaginary O layer
iine with 1ts meximum curveture at 1/ and 3/ of the length
of the film and its minimum at the center and ends (Pl, U,
fig. 1), DBecause the plane of the displacement parallels
the plane of the film, it is possible to measure the amount
of deviation directly from the film by means of a protrac-
tor., The angle of deviation willl be the angle between the
streak and the imaginery 0 layer line in the center _o:' the
filmths engls § ta P, b, flg. 1o

Fig, 2 shows an example of deviation of §°, the meth-
od of measurement and a view of the 8 are showing the direc-
tion of correction,

If the deviation of the translation axis is in the
plane of the L arc, the streak will resemble Fl, L, fig. 3
with the streaks on both halves of the film on the same
glde of the imaginary 0 layer line and with their maxima at
the ends of the film and minime in the cemter. The plane
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of the L arc 1s perpendicular to the plane of the film at
the direct beam spot and so is the plane of the reeiprocal
la ttice which rotates in the direct beam spot; thus from a
top view of the camera it is apparent that for small angles
of deviation 8, x in millimeters equals & in degrees.

Pls. L, Tig. | shows derivation of the formula and
shows the necessary correction on the L are.

For a combination of deviations in both the 8 and L
arcs the streak appears approximately as in P1, l, fig. 5
and it is necessary to measure both § and x, or 8, and cor-
rect for each,

This method leads only te approximete adjustments and
it takes some experience and 3 to 5 photographs per orienta-
tion to line up the axis of translation exactly parallel to
the axis of rotation, 7The most difficult part of the orien-
tation 1s when the angles of deviation are very smsll, Some-
times 1t is necessary to look at the first and second layer
lines to Se siu-a of ‘th. diroétién of deviation and the arec
affected. The first snd second layer lines do not have
streaks but, when the angles become very small, the devia-
tion 1s apparent in these lines because of natural exaggera-
tion; therefore, the direction is easy to see even in angles

. of less than half a degroe.

Pl. 5 shows three photographs used te orient a speci-
men and shows various misadjustments. PFig, 3, Pl., 5 1s an
ad justed photograph.
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Figure 1.
Figure 2.

Figure 3.
Pilgure L.

Pigure 5.

PLATE }

Five Figures to be used with the
Orientation of Crystal Fragmentis
by X~ray Methods

A deviation of ¢ on the small sre, S,

The method of measuring @ and the direction
of adjustment on the small arc.

The deviation x on the large arc, L.

The derivation of the angle 8 from the measured
length x and the direction of correction to be
applied to the large arec,

The rasult of deviations in both arcs at the
same time,
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FIGURE 3

PROTRACTOR

TOP VIEW

FILM _9
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@ = ANGLE OF TWILT

D = DIAM. OF CAMERA

X = @D IN RADIANS

X*© IN MM _ IF D= 57.3 MM

FIGURE 2

© DIRECTION OF
CORRECTION FOR FIG. 3

LARGER ARC

FIGURE 4

i & SRS RN

f-x

FIGURE 5







17

After the auglite fragments were adjusted, rotation
photographs were taken., Pl, 6, fig. l; shows the first rota-
tion pieture which has an identity period of 6.61 A. Pl., 7,
fige 1 is one of seversl aymmetry photographs taken around
thls axls to determine the symmetry of the crystal. All the
photographs were similar to fig. 1 which has no aymsetry.

If the mineral were monoclinle prismetiec, there would have
besen either two showing a plane of symmetry or one with a
plane of symmetry and the other with a two-fold aﬁs when
the x-ray beam was parallel to each of the othsr two crys-
tallographic axes., %Therefore, the mineral seemed to be tri-
elinie, | ¢

It i3 not good practice to rely upon just ons rota-
tion to eastablish the symmetry and unit cell dimensions of
a mineral, particularly in the low symsetiry classes, because
of the posaibllity of more than three translation directions.
It is necessary to pick s number of these directions to es-
tablish the maximum symmoetry of the crystal and then te
choose as crystallographic axes the three identity periods
that define the smallest unit eell.

A rotation was made about an axls parallel to the
cleavage (Pl. 6, fig. 3) and the identity perlod was 5,38 A.
Two symmetry photographs were taken parallel to the trans-
lations chosen as the other two probables axes from a VWels-
senberg 0 layer line photograph (Pl. 7, figs. 3 and }).
They show & plsne of symmetry sand a two-fold axls of sym-










18

Figure 1.

F’igure 2e

Flgure 3.

PLATE &

Thres Adjustment X-ray Photographs

{natural size)
The ad justpent should be, right 50, smell are
and left I} s large arc,

The adjustment should be, left 1°, small are and
right 2, lerge arec,

Perfect adjustment,
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metry respectively. Additional rotations wers made about
these two translations (Pl. 6, figs, 1 and 2) and the iden~
tity periods are 9.5 and 8,92 A respectively (Table 2).

The identity periods were calculated from the formula:
nA
sin tan-1 y/v

where -/ 1s the wave length of the x radiation, in this case
iron Kx which 1s 1.9373 A; n 1s the number of the layer

t =

line; y the distance from the O layer line to the n layer
line; and r the radius of the Weissenberg camera, 28,65 um,
Another symmetry photogrsaph was taken parallel to
the 5.38 A axis and 1t showed a plane of symmetry (Pl. 7,
fig. 2); therefore, the crystal has a monoclinic prismatie
symmetry, & plane and & two-fold axis, :
The observed Welssenberg diffractions conform to the
following conditions: (hkl) present when h £ k = 2n, (hol)
present when h = 2n and 1 = 2n, and {0kO) present when
k= Zn; thosi erimh tre &nﬁcteristic for the space
group Gy, (Internationale Tabellen, 1%4i). This space
group is the same as that for augite. The unit cell dimen-
sions for augite, a = 9,71, b = 8,89 and ¢ = 5,24 (B, E,
Warren and J, Biscoe, 1931, pp. 391) and the cell dimen=-
sions in Table 2 are very nearly the same, The differences
are probably due to the slight changes in chemical composi-
tion which would expand or contract the lattice to accommo-

date changes in ionie radii; for example, substitution of
aluminum for silicon should expand the lattice slong the ¢







axis proportional to the amount of substitution,
The monoclinie angle F may be calculated from b-axils
rotation Welssenberg 0 layer line by the formulas
ABr2uor = 180° - 2/
depending upon the orientation of the crystal in the
camera., The measured values of « /averaged 52,045 mm,

/2 in this case equals 2 «/or 10).;o 5,
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TABLE 2

Computation of the Identity Period from
Rotation Photographs

Rotation around g axis
lx1l.9 - A

sin tm‘llg%%m':gg" o T
____?_L%:SJIL_____ = 9.75 A

3 x 1.9373 = 9,
sTn tan-1(21,05/28.65) e
b x 1.9373 29,73 A .

-I ® .6

sin tan-1(37.73/28.65) 9.5 A 1s the g latties
dimension meas=-

ured from powder

photograph
Rotation around b axis

4 1;9272 = 8. A
sin tan=1(6,35/28,65) »

2 X 109373 = 8099 A
sin tan-1(13,68/28,65)

3 x 1.9373 = 8,96 A
sin tan™ . -

8.92 A 18 the b lattice
dimension meas-
ured from powder

photograph
Rotation around £ axis
1x 1.,9373 : - 5 A
sin tan-1(11,08/28,65) e
2x 509373 = 5.39 A

-1
sin tan=1(29,60/28.65) 5.30 A is the ¢ lattice

dimension meas-
ured from powder
photograph










PIATE 6

Four X-ray Rotation Photographs

Fj.guro l.
Figure 2.
Figure 3.
Figure lj.

{2/3 natural sisze)

The a axis rotation.

The b axis rotation.

The ¢ axis rotation,
Rotation perpendicular to the {110} .









FIGURE 3

FIGURE 2

FIGURE 4
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PIATE 7

Four X-ray Symmetry Photographs

Flgure 1.

Figure 2.

: Figure 3.

Pigure ho

(2/3 matural sigze)

No symmetry.

Plane of symmetry.

Plane of symmetry.
Two-fold axlis of symmetrye.






PIATE 7

le amm

Plgure 1.
- Figare 2.
 Pigure 3.

Plgure ik-»

(213 um size)

Plane of symmetry.

Flune of symaetry. :
Two-fald axis of symuetey.

3 ;,ﬂ}‘!"" B




FIGURE | FIGURE 2

FIGURE 3






CHEMICAL COMPOSITION AND CELL CONTENT

Two chemieal analyses were made of the Cabeszon
augite, F. A, Gonyer, analyst, and the results are as
follows: '

Constituent Peprcent
5 § : 48,8
Al Tl
TL 0.2
Fel 8.9
¥gO 17.6
Cal 16.2
lq2¢ : 1.2
Total 100.0

0.06
Totel ~99.83
Caloulation of the empirieal formulss as shown in

Tables 3 and L yleld the following:
Sample 1. (Ca_g)s¥e ogsHa o)) (Mg 79sFe o8) (51 gos

Al ;58104 o& (Ca,Mg,Na) oq(Mg,Fe)y og(515A1) of S10g
A Sample 2. {Ga.52.18.17.ll,gh)(ls.ézg?hfgés?ﬂfgg)
(S1_,g0AL 57,71 o3) S10¢
or (Ca,Mg,Na) .83('8‘? sFe ).8&(3"'“'?“‘)1.023106







25

TABIE 3

Determination of the Empirical Formula, Sample 1

Molecular Molecular
Proportion Ratio
Percent 8102 i hsoa 1.63 1.80
uﬂlo “08102 60.06
Percent Alg03 _ 7.1 21 15
Mol. wt.Al,04 101.94 :
Percent T10s 0.2 01 01
Percent Fel = 8._9_- 013 028
Mol. wt,.Fel 710&*
Percent Mg0 _ 17,6 o4dy «97
Mol. wt.Mg0 10,32
Percent Cal 1602 «29 0&‘
Eoi. ;E.ERO m
Percent ”lz‘a_ - 1.2 «02 oOh
uOlo "l’uﬂle 61099
Total: 2 .73
The molecular ratio is determined by therormln
Salsamline vatis ¥ Molecular proportion

6/Total of molecular proportions
where 6 is the number of oxygen atoms in a clinopyroxens
molecule,
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TABLE

Determination of the Empirical Formula, Sample 2

¥Molecular Molecular

Proportion Ratio
¥ol. “03102 60.06
Percent Alel & 9;86 029 021
Mol. wt.A1203 101,94
Percent Tiﬁz - 1029 «03 <Ol
Mol. wt.T105 79,90
Percent FeQ _ 6,22 +09 .19
Mol. wt.Fel 71.8L
Percent Fe & 2.36 Ok «03
Wol. we.iey03 159,68
Percent Mz0 _ 1h.Uh 36 79
Mal, wt.Mz0 L0,32
Percent Ca0l _ 15,88 .28 .62
Mol., wt.Ca0 56,08
Paercent Eazt_)_ & 1.39 02 .05
Hal. It.l!lzo 61.99

Total: 2073

The percentages of the other elements reported are
so smell that they may be ignored in the ecalculation of the
empirical formuala,
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The structural lattice dimensions combined with the
measured specific gravity (3.46) and the chemical analysis
of the material gives the number of molecules in the unit
cell:

density * wel
volume

d.nﬂxl,ﬁﬁx%ﬂ'&

axbxecxsing

where M = mass of the chemieal wnit of which the crystal is
composed, d = density, a x b x ¢ x sin /S = volume of the
unit cell, and n = muber of molecules in the unit cell,
1.649 x 10724 14 Avogadro's number which changes units of

atomic weight into grams,

3.46 = BX 216.7 % 1,649 x 10-2h
9.54 x 8,92 x 5.30 x sin 104° 5

When this equation is solved for n, n equsels 4,05 or
approximately i, When lj 1s substituted into the formula
and solved for d using the molecular weights of samples 1
and 2, d equals 3,27 and 3,19, P PRt
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PETROGRAPHY AND PETROLOGY

Macroscopie

The rock in Plug 5 is a porphyritic olivine basalt
with large granular inclusions of olivine and/or diopside
and enstatite, The inclusions are not individual orystals
but aggregates of a great nusber of amall crystsls about &
to 1 mm, in diameter. The incluslions are probably cumulare
sphiroliths and the rock would be cumlophyrie (Johannasen,
1939, Vol. 1, pp. 172 and 207). The cumularsphiroliths
range from slightly less than # inch to 6 inches (Pl, 10
and Pl. 11, fig. 1). Some of the cumlarsphiroliths are
composed entirely of yellow olivine but more commonly thly
are a mixture of olivine, diopaside, enatatite, and spinel.
Some of them are composed entirely of diopalide, enstetite, -
and spinel in the ratio of about 10:5:1 respectively. All
these minerals are, in gemeral, equigranular,

There are unusual phenoerysts of sugite that vary in
size from 1/8 imeh to 3 inches. None of the phenocrysts
shows any crystal outlines but are commonly rounded or
elliptical. 7They resemble xenocliths rather than pheno-
crysts., The majority of the augite crystals are dark gray,
lusterless, and impuwre, containing grainsg of enstaiite and
conmonly calcite as an alteration product, Some of the
augite 1s very pure and looks like obsidian,
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Sandstone xennliths are common in the dike to the
south of the plug snd in the plug itself., The augite occurs
near the sandstone xenoliths, Some of the sandstone blocks
are as much as 1 to 2 feet in diameter, Most of the sand-
stone seems to be derived from the Mesaverde formation which
is the predominant surface rock. Plug £ and the other plugs
have intruded the flatelying Mesaverde sandstone and shale
of Iate Cretacecus age and seem to have seccumilated the
xenoliths by plucking them from the walls during intrusion
(Pls. 1 and 8),

Aragonite and caleite f1ll or partly fill voids in
the basalt and are probably alteration products derived
from the weathering of the feldspars in the rock.

Mieroscople

The rock is a porphyritie olivine basalt. The feld-
spar is labradorite, MSO’ and comprises 70 percent of the
rock., It ocecurs prineipally as mierolites nearly always
twinned once according to the albite law. There are a few
anhedral phenocrysts of labradorito that show polysynthetie
albite twinning (Pl. 12, fig. 1). The microlite latha give
the rock a felty appearance and occasionally show flow
structure,

Olivine occurs as smell 40 to 1000 4 phencerysts
distributed throughout the groundmass and as cumularsphiro-
liths., %The larger crystals often have a dark reaction rim
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PLATE 9
Augite Phenocryst in Besalt Dike

The black phenocryst te the left and slightly above
the pencil poinit is augite. It ocours in the dike shown in

Plate 80
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PLATE 10

Cumalarsphirolith in Basalt Dike

The eumularspharolith near the peneil eraser is
composed of diopside, enstatite, and olivine, Above the
pencil are an augite crystal snd snother smaller cumilar-
sphiirolith, This pieture was taken near the site of Plate

9e
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PLATE 11

Samples of Basalt and of Augite and

Figure 1.

Figure 2.

Figure 3.
Pigure li.

Cumularsphiaroliths

A piece of basalt from Plug 5. The
area encircled and labeled D is a
cumularsphirolith of olivine, diop-
side, and enstatite. (X &)

S8ix augite crystals weathered from
the basalt. (X 2/5)

Augite phenocryst in basalt, (X %)
Augite phenoeryst in basalt, (X &)
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FIGURE | | FIGURE 2

FIGURE 3 ‘ FIGURE 4
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of augite microlites (Pl. 13, fig. 2). Soms of the ollvine
has been altered to brown bastite or antigorite (P1. 12,
fige 2)s The bastite generally occurs in small circular
concentrie cryptocrystalline patches. The olivine comprises
about 10 percent of the basalt,

Magnetite is the second most abundant mineral in the
rock, comprising about 15 percent. It occurs as fine opaque
powder throughout the groundmass and as a product of the
reaction of the olivine and the pyroxenes with the basalt,

Quartz is common in the rock, either as almost com=-
pletely absorbed grains with reaction rims of fine augite
microlites (Pl., 1, fig. 1) or as partly absorbed grains
(P1, 13, figs. 1 and 3). Most of the quartz is probably
derived from the sandstone plucked by the lava from the sur-
rounding Mesaverde sandstone. Some quartz grains also occur
in the granular masses of enstatite, diopside, and olivine
(1. 13, f1g. ). | 4 |

The diopside, enstatite, and spinel seem to be con-
fined to eumularsphiroliths (P1l. 1, fig. 2) with or without
olivine,

The auglte oceurs as large phenocrysts, & to 3 inches
in dismeter, or in granular masses with emstatite (Pl. 13,
fig. li1)s» The large individual phenocrysts generally have a
broad reaction rim. Pl, 11, fig. 3 and P1l, 12, figs, 3 and
l; show an auglite phenoecryst which is almost an inch in diag=-
meter and a reaction rim composed of magnetite near the
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augite and glass with some magnetite and feldspar farther
out, The sugite in the granular masses is larger than the
dlopside or enstatite in similar masses (P1., 13, fig. L and
Pl. 1, fig. 2). |
All the granular masses of diopside, enstatite, and/
or olivine, and/or augite show reaction rims of glass with &

concentration of magnetite,
Theoretical Considerations

The auglite seems to be a produect of the assimilstion
of quartz from sandstone by the basaltic magma.

A normal cooling over a long period of time would
cause a basaltic magma to precipitate minerals according to
Bowen's reaction series., The basalt would become more sili-
ceous as the earliest formed minerals were removed from the
magma by magmatic differentiation, that is, Bowen and others
beslieve that, because the first minerals to precipitate from
a basalt magma have a high speeific gmvity il Se silica
deficient, they will settle to the bottom of the fluid msss
and leave the residual liquid with a relatively higher
silica content, When the magma becomes siliceous it would
tend to resorb any of the earlier formed minerals still
present and to precipitate minerals farther down the reac-
tion serles.

Inasmech as thin sections show the basalt in Plug 5

to be an olivine basalt, and the texture suggests rapid
cooling, the magma probably did not have time to become
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sliliceous by differentiatione-the olivine had probably just
begun to erystallize. The reserption of the olivine and the
subsequent formatlon of pyroxenes must have been caused by
the assimilation of quartz and clay by the magma from the
shaly sandstone of the Mesaverde formation.

An excess of silics plus olivine and part of the com=
ponents of calele feldspar would form diopside, enstatite,
and spinel as followss

Fe0 # Cab # MgyS10) # Aly03 # 2510, = MgSL0, 4

Wﬁé’& £ V‘“z"h
The reaction:

MgS10, £ CaMigS1,0q # PeAl,0), = (Ca,Na) (P’ g, re*F)
(81,A1)81206 would oceur, under favorable magmatic conditions,
transforming the spinel, diopaside, and enstatite in & cumie
larsphirolith te augite, the excess Alzo3 and 83.02 roturne
ing te the magma, Ths excess would then react with the
olivine to form wore augite to regain equilibrium,

The sandstone and shale inclusions in the basalt and
the quarts grains indicate that the augite was formed at the
expense of the olivine, The reaction lowered the tempera-
ture of the magma and, perbaps, along with normsl ecooling,
helped ehill the magma, The gquiek chilling stopped the
reaction and prevented the resorption of all the olivine
with the subsequent fermation of auglte.










Figure 1.

Figure 2.

Figure 3.

Figure L.

PLATE 12
Photomlcrographs of the Basalt

L 1a a lebradorite phenocryst. The other large
erystals are olivine., The groundmass is fine
magnetite and labradorite microlites. (crossed
nicols) (X 55)

A is bastite or antigorite. M is magnetite.
(x 55)

The light area is a part of the large augite
phenoeryst shown in Plate 11, figure 3. It is
surrounded by a narrow band of very fine
magnetite which extends into fractures in the

phenoeryst. (X 55)

Figures 3 and |} overlap. Outside the magnetite
band there is a band of fine erystals and glass,
This has been outlined in India ink. (X 55)
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FIGURE 2

FIGURE |

FIGURE 4

FIGURE 3










Figure 1.
Filgure 2.

Figure 3.

Pigure L.

PLATE 13

Photomicrographs of the Basalt

A& large quartz grain with a reaction rim of fine
augite mierolites. (X 55)

An olivine noeryst with a simllar resction
rim, (X 15

A group of guartz grains that have been reacted
upon by the basalt along the fractures.
{(erossed nicols) (X 15)

A is sugite; E, enstatite; 0, olivine; and Q,
quartz. (crossed nicols)(X 15)
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FIGURE 2

FIGURE 4

FIGURE 3










PLATE 1l

Photomicrographs of the Basalt

Figure 1, An almost completely assimilated quartz grain,
The reaction rim is orincipally augite and
magnetite mierolites. (X 15)

Figure 2. D is diopside; E, enstatite; and 0, olivine,
The black mreas are spinel, ({orossed nicols)

(X 15)
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