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ABSTRACT

The northern part of the Ortiz Kountadins of north-
central Neow Mexico consists of a tilted fault block of
Cretaceous Mancos shale and kKesaverde formation intruded
by latite-andeasite porphyry sills and laccoliths and s
nepneline-bearing auglte monacnite stock. Ilgnecus activ-
ity started with the development of a voleanic vent in
what is now the central part of the mountains. Volcanic
debris from the vent was removed from the arsa by ercsion
and provided sedimentary material for the late Zocene
Dspluaso voleanics of the adjoining sreas. Intrusion of
tha latite-andesite porpayry sills and laccoliths followed
extrusive lgneous activity, as demonstrated by tha fact
that porphyritic rocks intrude the Espinaso volcanics in
the adjacent areas. Igneous activity was concluded by the
intrusicn of the nephsline-bearing augite monzonlte which
cuta across the earlier rocks. Normal faulting along the
sastern border of the adjolning hio Grande depression up-
lifted the area in late Fllocene or carly Plelstogens time.

Classification of rock types was basod on petrographic
analyses of 30 thin-sectlions supported by a feldsper stalne

ing technique utilized to provide a rellable estlmate of

the orthoclase content in tho rocks.







The vent rock grades upward from a quartz-bearing
latite porphyry to a brecciated trachyte, which contains
numerous xenolithic inclusions of the country rock.

The latite-andesite porphyry generally contains andesine
and hornblende phenocrysts in a salt-and-pepper-like micro-
crystalline groundmass. The groundmass consists predominant-
ly of orthoclase with subordinate plagioclase and quartz.
This rock constitutes the smaller mountains and caps cuestas
along the western and northern part of the mapped area.

The stock makes up the higher and more rugged peaks of
the Ortiz Mcuntalns. These rocks are fine- to medium-grained
and consist essentially of equal amounts of andesine and
orthoclase with augite, the principal mafic minersl, occur-

ring in subordinate amounts. Nepheline is present in

amounts of leas than 10k,







INTRCDUCTION

Geography

The Ortiz Mountains are locatad in Santa ke County in
northecentral New Mexlco, approximately 52 miles northeast
of Albuquerque and 30 miles soutawest of Santa Fe., The
center of the mountalns is approximately at longltude
106°10' W. and latitude 356°20' N, (figure 1).

They may be reached by traveling north from Albuquerque
for 31 miles on U. S. Highway 65 or south from Santa Fe on
U. 8. Highway 85 for 32 miles to the junction of State EHighe
way 22, thence south for 11 miles to State Highway 10 which,
from this peint southward, parallels the west edge of the
Ortiz Mountains for four miles., Northeast from this junction
State Highway 10 extends across the northwestern part of the
area mapped to the town of Madrid five miles away (figure 1),
Access to the eastern part of the area is galned by travel-
ing south from Cerrillos on the Lolores Ranch road for seven
miles (figure 2).

The mapped area is in 7. 13 N., K. 7-8 E. (New Mexico
Principal Meridian), approximately in the center of the old
KMexican mine grant called the Ortiz Mine Grant. Thls grant
was originally awarded tc Jose Franclsco Ortiz and Ignacio
Carro on Lecember 19, 1835 by the First Alcalde of Santa Fe

under the Mining Laws of Mexlico. It has an area of

69,458,353 acres or approximately 100 square miles (figure 2).
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In the northern part of the Ortiz Nountalns maximum
relief 1s approximately 2,700 feet. Tne hlghest peak in
the area, Placer Mountain, rises to an elevation of 8,928
feet (Plate I-A). The base of the main part of the moun-
tains roughly follows the 6,700 foot contour line. The
Ortiz Mountains as & whole are roughly circular, centering
on Placer Mcuntain,

The southern part of the mapped area 1s characterized
by the rugged, irregular topography typlcal of a dissected
igneous intrusive core. The northern part of the area mapped
consists of numerous cuestas resulting from the intrusion of

many resistant sills into relatively nonresistant late

Cretnceoua shales and sandstones that are now dipping gently

to the east. Approximately 764 of the area 1s covered by

soil and float, gravel deposits and talus,

Climate and Vegetatlion

Eased on data recorded at nearby Santa Fe before 1931,
maximum and minimum recorded temperatures for the area were
97% and -13°F, respectively. Average precipitation was
14,27 inches of rain and 31.6 inches of snow. The heaviest
rains fall from local thunder showers between April and
October, and maximum snowfall occurs from December to March
(ariswold, 1948). As a result of their relatively high
elevation the mountains receive considerably more precipi-

tation than the surrounding lowlands. Thus, Pinus ponderosa,







Quercus undulata and various shrubs of the ocak and holly

famillies are found on the slopes of the higher peaks.

Yucca and cactl, such as Opuntia aad Cersus are found both

at elevated places and on the lowlands, while pinon, Juniper
and sage brush are for the most part coanfined to the lower
elevations (Cgllvie, 1906).

In the mapped area there are no permanent streams; ranch

and stock water is obtained from a few shallow wells.

Purpose, Scope and Method

The purpose of this thesls was twofold: first, to con-
duct @ petrographic study of the igneous rocks that crcp out
in the area, and second, to provide a geologic map of the
northern part of the Ortiz Mountains.

The area studied includes approximstely 13.5 square
miles, Fileld investigations were conducted intermittently
from June, 1957 through February, 1958, A total of about
50 days were spent in the fleld. All geologic contacts,
with the exception of a few lsolated and discontinuous out-
crops of contacts, were inferred on the basis of float,
soll, and topographic expression. These Iinferred contacts
were plotted on stersoscoplcally studied contact prints of
asrial photograpns in the fields. 1In the laboratory, using
a vertical sketch-master, the inferred contacts were trans-

ferred to a planimetric drainage base map (scale 2 inches

to the mile) compliled from the same aerial photographs by







the Scil Conservation Service. This map was then enlarged

to the scale of four inches to the mile,

The igneous rock masses were thoroughly end regularly
sampled as mapping progressed. These samples were studied
and classified megascopically in the laboratory. Standard
thin-sections were made of 55 of these samples, and they
were studied and classified in detall with the petrographic
microscope. Kook slices were etched with hydrofluoric acid
and stained with sodium cobaltinitrite to determine the
potash feldspar content,

No attempt was made to study or evaluate the ore depos-
its found in the area, and all data concerned with this
aspect of the study, as well as the general history of the

area, were derived from the litersture.
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History of Exploration and Mining

Until 1828 no gold had been discovered in what 1s now
the United States except for an insignificant deposit that
was found in North Carolina in 1801, In 1828 a Mexican
sheepherder, following his flock into the mountalins seven
miles south of the town of Cerrillos, discovered placer geld
in the gravel deposits on the east side of the mountains
thet were later named the Ortiz Mountains (Prince, 1883).
These gravel deposits, at the mouth of Cunningham Gulch, are
known as the 0ld Plascers and have been worked intermittently
with good results since thelr dlscovery, particularly from
1832 to 1835, durlng which period they reportedly produced
from (30,000 to §80,000 in gold annually. Total production
is not known, but it is probably near 2,000,000 (Lindgren,
1910).

At first these gravels werse worked by the most crude
methods. Melt water from the winter snows was retained in

various ways and 2 small amount of gravel was placed in a

wooden bowl called & "batea" which was immersed in the water







and agitated in the same manner as a gold pan., In this way
the heavier sands and gold were separated from the lighter
gravels (Harrington, 1939).

It is reliably reported from several sources that dur-
ing the pericd from 1687 to 1900 Tnomas A. Edison, the famous
inventor, erected a mill just east of the Dolores Ranch,

This mill was unique in that it was supposed to extract gold
from the 014 Placers gravel deposit by electrical methods,
but the cperation was unsuccessful (Jones, 1904 and 1935;
Lindgren, 1910; Arnold, 1933; Harrington, 1939).

in more recent years these same gravels were worked Dy
means of "dry washers." In such a device a blaat of air
from & hand driven blower 1s directed through screened cleats
or "riffles"™ which are given a jerking motion by a cam-mech-
anism operated by a crank., The heavier fractions of the
gravels remsin in back of the "riffles" and are washed with
water to separate the tiny flsakes of gold (Harrington, 1939).

In 1833 Don Cano, who came to Mexico from Spain in the
early part of the 19th century, discovered a gold-bearing
quartz veln on the Jose Francisco Ortiz property in Cunning-
ham Gulch. The owner of the property took into partmership
a man named Lopez, & skilled miner for his day, and under
his direction and management the mining operation was suc=-
cessful, wishing to reap all the prefit for himself COrtiz
scon got rid of Lopez by having him deported. Under the

new and inexperienced management, however, the mining







operation was entirely unsuccessful (Jones, 1904).

This mine later became known as the Ortiz Mine and
apparently is the second lode mine discovered in the United
States; the first being the celebrated "Mina del Tierra"
located in the Cerrillos District about temn mlles to the
north, The discovery of thls mine precedes that of the
Ortiz mine by at least 100 years (Jones, 1904).

The Ortiz Mine is half a mile southwest of the Dolores
hanch at an elevation of about 7,600 feet, From this mine
the largest shoot was reportedly mined out between 1854 and
1664 from a meximum depth of 150 feet., In 1864 the property
waes acquired by the New Mexico Mining Company which sank the
mine shaft to the 200 foot level, Firom 1885 to 1900 the
mine was leased to the Ortiz Kining and Milling Company which
sank the shaft to the 400 foct level (Lindgren, 1910).

The first mill built to handlo ore from the Ortiz line
contained 15 stamps and was erected at the Dolores townsite
in 1854. This mill was replaced by one of 20 stamps in
1869, and in 1895 a plant of 10 stamps, two Huntington mills,
and three vanners was built at the mine site (Lindgren, 1910).
No production data on the mine are avallable,

Some years later an unknown company erected a large
amalgamating and concentrating plant at the mine, but 1t was
never operated successfully (Griswold, 1948).

Lete in the 1800's the Galisteo Company of New York

tock possesslion of the Ortiz Mine Grant from the New Mexico
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¥ining Company, but apparently they did not conduct a
mining program (Griswold, 1948).

Charles McKinnis, an engineer-promoter, leased the
mineral rights of the Grant from the Galistec Company from
1954 to 1939. He did considerable sampling of several depos-
its and sank a 300 foot shaft on the Candelaria veln in the
southwestern part of the mountains, Ko ore was shipped or
milled (Criswold, 1948).

A dry process for extracting geld from the 0ld Placers
was attempted by the Universal Placer Mining Company during
1939 and 1940, This process recovered only l4 cents per
cubic yard of material and did not prove successful (Griswold,
1948).

In 1943 the Galisteo Company sold the Grant to the
Crtiz Cooperative Livestock Association. In 1946 1t was
sold to Mr, and Mrs, George W. Potier of Joplin, Missouri,
The following year the Silas Mason Company of New York held
an option on the mineral rights and did considerable placer
sampling and prospecting (Griswold, 1948).

From 1946 to the present Potter and'81ms of Joplin,
ilssouri have conducted an extensive exploration program on
parts of the Grant, particularly on the Cunningham Gulch
area and "Lime area" in the southwestern part of the moun-
tains, This program has consisted of geologic and topo-
graphic mapping, geophysical studies including magnetometsr,

radliometric and ultra-violet light surveys, detailed trench
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and pit sampling and prospect drilling. The results of
this program are well documented in many and voluminous
reports and correspondences by Griswold, Stewart, and Wilson
prepared both for Mr, Potter and for Potter and Sims,
During the most recent exploration period scheelite
was found in the gold pannings and was also observed as
minute disseminations with gold and pyrite in igneous rocks.
The great number of shallow prospect pits, trenches,
and adits that mark the landscape attest to the thoroughe-

ness with which this area has been explored for gold,

eview of Previoua Work

Prior to 1869 only brief mention was made of the Ortiz
¥ountains by a few mlilitary and clvilian United States
Government representatives who visited the area. In 1869
and 1870 Hossiter W. Raymond, United States Commissiocner
of Mining Statistics, submitted to the United States House
of lepresentatives two reports that summarized his investi-
gations of the gold placer and lode deposits on the Ortiz
Mine Grant, Also, 1n 1869 F. V, Hayden's Third Annual He-
port of his "survey of the Territories" was published. In-
cluded in this report was a brief discussion of the lode
deposlits of the Ortiz Mine Grant by Persifor Frazer, Jr.

In 1697 a mining engineer from New York City, S. G.
purns, submitted a report to Thomas Edison on the mineral

potential of the Ortiz Mine Grant. The report summarized
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the results of rather detailed sampling of the gravel and
lode deposits, as well as a description of various mines in
the area.

M. B. Yung and R. S. McCaffery in 1905 published a
geologic report on the San Pedro Mining District, which in-
cludes the Ortiz Nountalns. The report attempted to describe
not only the ore deposits of both the San Pedro and Ortiz
Mountalins but also the reglonal geoclogy.

In 1904 F, A. Jones described the mining history and
attempted to classify the types of ore deposits of what he
called "The New Placer District," which embraces the area

petween the Ortiz Mountains and South Mountain,

During the winter of 1904-00 the area was visited by
I. H, Ogilvie, Part of the result of her investigation was
revorted in 19056 and may be partly summarized in Miss Ogllvie's
own words as follows:

"Its (Ortiz intrusive) cover has been large-

ly removed by erosion, and the tops of the central

and highest mountains consist of (an) igneous core.

Across the edges of the surrounding strata a plain

has been partly built and partly cut, this plain

sloping away from the laccolith on all sidea. BEe-

cause of i1ts outward slope in all directions this

form is here named a conoplain, and 1ts slope 1s

partly cut and partly built."

During her investigation Miss Ogilvie also collected
several samples of the igneous rocks of the area. These
samples were chemically analysed and classifled according

to the ¢, I. P. W, normative system. The results of these

snalyses and classifications were reported in 1908.
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Lindgren and Graton (1906) briefly discussed the ore
depcsits of the Ortiz and San Pedro MNountains,

Charles i, Keyes (1909) cited the garnetiferous copper
deposits of the Ortiz and Tuerto (San Pedro) laccoliths and
the contact-deposits of copper at Jimenez, Mexico as exame-
ples of garnetization at shallow depths and low pressures,

Lindgren, Graton and Gordon (1910) provided a generale
l1zed description of both the sedimentary and lgneous rocks,
as well as a description of the placer, quartz-vein, and
contact-me tamorphic deposits of the district.,

Two papers published by Willis T, Lee (19812, 1913)
describe in detail the stratigraphy of the coals-bearing
strate In the vicinity of Madrid, immediately north cof the
area covered by the present report.

A very brilef description of the area and its ore depos-
its was published by K. W. Ellis (1928),

In 1935 Lalph Arnold vislted the Ortiz Mine Grant and
wrote an englneering report (unpublished) that summarized
his impressions of both the placer and lode deposits found
on the grant. EHis report included a recommendation for a
preliminary geologlc survey of the entire Grant and a de-
talled sampling of both the placer and vein deposits.

A consulting minling engineer, F. A. Jones, in a report
written in 1935, described the geology and economics of the
placer, veln, and contact-metamorphic deposits of the Ortiz

Mine Grant and recommended an expenditure of twc million
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dollars on the development of the "Lime Bed" deposits and
the Cunningham lode,

An historical sketech of the gold discoveries and early
mining methods used in the area was published by Harrington
(1939).

The most significant contribution to the geologic lltera-
ture desling with the Ortiz Mountains area is a series of
reports written by C, E. Stearns in 1943 and 19565, 1In his
earliest paper he describes the Galisteo formation and points
out that east of the mountains igneous rocks of the Ortiz
intrusives cccur within the Galisteo formation which con-
talns fossils of Luchesnean age. The Luchesnean, according
to Wood and others (1941) 1s uppermost Eocene, but it has
also been referred to as "lowermost Cligocene" by Wilmarth
(1938), In eithesr event the Ortiz intrusives are, there-
fore, no older than early Oligocene or late Eocene,

In 1955 Stearns published three mors reports on the
geology of this part of north-central New Mexico, In April
(Stearns, 19563a) he provided a geologic map and an excellent
treatlise on the Tertiary geology of the areas surrounding
the Ortiz Mountains. In May (Stearns, 19063b) he published
a report on the stratigraphy of the Upper Crstaceous rocks
of the surrounding area. KHis most recent work on the sub-
ject, published in June (Stearns, 19563¢c), included both
field and petrographlc descriptions of the Tertiary igneous

rocks, particularly the extrusives, of the area edjacent to







he Ortiz Mountains,

The stratigraphy and geclogic history sections of the
current report draw heavily from Stearnd work.

During the period 1948 to the present many private re-
ports on the area were prepared for the property owners by
G. R. Griswold (1948), C. T. Griswold (1950), D. R, Stewart
(1948, 1949, 1953) and E, D, Wilson (1953).

REGIONAL GEOLOGIC SETTING

Within the area mapped the sedimentary rocks include
the Upper Cretaceous Dakota (?) formation, Mancos shale, and
Mesaverde formation. These rocks are intruded and metamor-
phosed by early Tertiary latite-andesite sills and laccoliths
and an augite monzonite stock,

North-central New Mexico occupies a unique place in the
physlography of -North America for it is here tnat four great
physiographic provinces merge: /the Great Plains, the

:Southern Kocky Hountalno,sfha Colorado Plateau lndﬂéhn Basin
and [ange Provinces. The Ortiz Mountains are within this
area of mergence.

The Naclmiento uplift whose western edge marks the
easternmost extent of the ColoradgsPlateau and.the Jemez
uplift of the Scuthern Kocky Mountains Province are located
west and northwest of the Ortiz Mountains 44 miles and 26

miles respectively (figure 3). The Sangre de Cristo anti-

clinal uplift, also of the Southern locky Mountain Province,
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is approximately 25 mliles to the northeast., Some 27 miles
to the east 13‘610rleta Mesa whose eastern escarpment marks
the western edgs of the Great Plains, Zme northern end of
Bstancia Valley, a basin and Range type bolson, 1s about
five miles to the southeast. The Sandia Mountains, fault-
block Basin and Range type mountains, are about 16 miles to
the southwest (Fenneman, 1931).

The Ortiz Mountains are the largest of four mountaln
groups extending along a north-south line that parallels the
Sandis Mountains to the west. The northernmost are the
Cerrillos Hills, the Ortiz are next, and the Tusrto or San
Pedro Mountains and South Mountain constitute the southern-
nost members of the group (figure 28). Many workers ccnsider
the four to have simllar origin, ignsous petrology, and
form, and to conatitute a single comagmatic reglon (Ogilvie,
1908; Lindgren, 1910; Stearns, 1953¢).

Although this group of mountains 1s within the bound-
arios of the Mexican iighlands Section of the Lasin and
liange Province the rocks have been referred to by various
writers as intrusive sheets, stocks, and laccolliths, a type
more characteristic of the Scuthern flocky Mountaln and

Coloradc Plateau Provinces.
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STRATIGRAPHY
The stratigraphy of the region has been thoroughly

described by Stearns, Johnson, Harriscn, and lLee. It will
be considered in this paper no further than is necessary
for a general understanding of the lithology, age, and
structural relations of Cretacecus and younger formations
relative to the early Tertiary intrusives. Descriptions
and measured sections of the sedimentary rocks are provide
ed by all of these authors. Measurement of thicknesses of
the various Upper Cretaceéous formations in the area mapped
are precluded by the absence cf continuous exposures across
the strike and by the presence of numercus ignecus shests
of varying thickness irregularly intruded thnrcughout the

section.

Cretaceous System

The sedimentary rocks exposed in the area are all of
Upper Cretaceous age and consist of three easily recognizable
units. The upper unit, Mesaverde fcecrmation, consists of
thick-bedded sandstones and shales with intervedded coal,
The middle unlit, Mancos snhale, is predominantly gray and
black shale with subordinate sandstone and a thin bed of
limestone near its base., The basal unit, Dakota (?) sand-
stone, conslists of discontinucus sandstone wlth interbedded

shals,







An isopleth map prepared by Stearns (1963b) shows

the Upper Cretaceous rocks in the vicinity of the Ortis
Mountains originally to have ranged in thickness from about

2,500 feet to 35,100 feet.

Dakota (7) Sandstone

peds mapped as Dakota (7) sandstone are confined to
the extreme scuthwestern part of the area. A complete sec-
tion is not exposed, ;

In the Hegan Coal basin, a few miles to the west, the
Dakota (%) sandstone, according to Harrison (1949), con-
sists of 265 feet of gray-buff to orange, greenish buff and
gray sandstone composed predominantly of subangular to sub=-
rounded, medium- to coarse-grained guartz fragments with a
ailiceous cement and & sugary texture. In some places 1t
is shaly and friable and in other places conglomeratic.

In the Gallisteo-Tonque area, which borders the Ortiz
Mountains on the west, north, and east, Stearns (1953b)
reported that the Dakota (?) sandstone ranged in thickness
from 0=-40 feet and consisted of well-bedded to interbedded,
brown to gray-white, siliceous sandstone. In this area
Stearns did not map the Dakota (?) sandstone as a separate
unit because it is highly discontinuous (figure 4).

Disbrow (1963) showed the Dakota (?) sandstone to be

50=-100 feet thick in ths Cerrillos Hills area.
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Mancos shale

The Mancos shale in the Ortiz Mountains is simllar to
that of surrounding areas. 1t is generally exposed in stream
valleys or as nonresistant scarp-slopes of eastward dipping
cuestas capped by intrusive sheets across the weatern half
. of the area mapped, 1t conformably overlies the Dakota (?)
sandstone in the surrounding area. According to Stearns
(1953b) it can be differentiated into the Graneros shale,
Greenhorn limestone, Carllle shale and Niobrara shale, In
the Ortiz Mountains the various meubers of the Mancos shale
are only locally recognizable and hence cannot be mapped as
separate unita;

In the Gallisteo-Tonque area the Graneros shale 1s repre-
sented by 200250 feet of gray, fossiliferous shale and inter-
vedded sandstone, A brown, thin-bedded, siliceous sandstone
5=-30 feet thick occurs locally in the middle of the iootion
and 1s called the Tres Hermancs (Stearns, 1953b).

The Greenhorn limestons consists of 30-40 feet of
light gray interbedded limestone and nodular calcareous
shale (Stearns, 19563b).

The Carlile-Niobrara shales in the Galisteo-Tonque
area range in thickness from about 1,000 to 1,300 feet and
are represented by dark blue-gray, brown or black shales
with a few intercalated beds of sauady shale and thin-bedded
sandstone., The Juana Lopez member occurs from 300 to 500

feet above the Greenhorn limestone and consists of about







6 feet of interbedded arenacecus snale and very thin-bedded,

arenaceous fetid limestone (Stearns, 1953b). This in turn
is overlain by 1,300 to 1,500 feet of shale, sandy shale
and thin-bedded sandstone. The Mancos shale, therefore,
apparently ranges in thickness from 1,830 to 2,265 feet
(figure 4).

Harrison (1949) reported that the Mancos shale in the
Hagan Coal Basin is represented by 1,304 feet of gray to dark
gray, buff to gray-buff shale wlth sandy and calcareous zones,

At the Hogers Mine, two miles southwest of Cerrillos,

Lee (1917) measured 2,352 feet of Mancos shale.

Mesaverde formation

The litholcgy of the Mesaverde formation 1s also simllar
to that of surrounding areas., It is confined to the westera
nalf of the area and is usually exposed in stream valleys or
as nonresistant scarp-slopes of eastward dipping cuestas.

The Mesaverde formation in the Hagan Coal Basin, as
described by Harrison (1949), is composed of sandstones and
coal-bearing shales conformably overlying the Mancos snale.
"he sandstones are olive-drab, tan, buff, yellow-buff, gray
and gray white, thin- to thick-bedded and are composed pre=-
dominantly of fine- to coarse-grained, subangular to sube

rounded quartz fragments., They contain some feldspar

grains and are locally argillacecus and friable, with either
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a siliceous or ferruginous cement. The thick-bedded sand-
stones are particularly common in the lower half of the
formaticn., The shales are gray, buff to brown, locally
arenaceous and contain thin calcareous concreticnary beds
and lenses,

In the Tonque Valley about sixk miles tc the west of the
Ortiz Nountains tne Mesaverde formaticn contains about 1,500
feet of buff-white to brown sandstone and brown or black
carbonaceous shale and coal, A 100 to 250 foot thick massive
sandstone commonly occurs at the base of the formation
(figure 4). In the Arroyo Pinovetito, six miles north of
Hagan, the Mesaverds formation 1s only 5356 feet thick
(Stearns, 1l953b).

At the Kogers coal mine, two miles southwest of Cer-
rillos, the Mesaverde formation consists of 758 feet of
light gray, massive sandstones and interbedded coal-bDearing,
in part carbonaceous, shale, A dlamond drill hole at Madrid
penetrated 862 feet of gray sandstcne and coal-bearing shale

of the kesaverde formation (Lees, 1917).

Tertliary Sedimentary Kocks of Adjacent Areas
About slx mlles toc the west in the Hagan Coal Basin
and only about two mliles to the east of the area mapped
for tuls thesls, the Upper Cretaceous beds are unconformably
overlain by the Galisteo formation., Vertebrate fossils

collected from the Gallsteo formation have been assigned to







the Duchesnean time which dates the formation as late

locene or early Olligocene (Stearns, 1943),., In the Hagan
Coal Basin and three miles sast of Cerrillos the Galisteo
formation 1s overlaln without stratigraphic interruption
by the Espinaso volcanlcs which coasist predominantly of
water-lald volcanlic debris (Stearns, 1945). Unconformably
overlying the Espinaso volcanics are clay, silt, sand, and
fine gravels of the Abiquiu (?) formation (Stearns, 19563a).
Thlis can be seen on figure 4.

These beds are unconformably overlaln by fan deposits,
river deposits, travertine, water-laid pumice and lava
flows of the late kKlocens or early Pliccene Santa Fe forme
ation, late Tertlary and Quaternary gravels of the -so=-
called "Ortiz pediment" veneer the beveled underlying sedi-

mentary rocks (Stearns, 19843).

Galistec formation

The Galisteo formation l1s composed of sandatone, sand,
conglomerate, clay, limestone, and fluviatile tuff, The
unit conslsts predominantly of gray-whlte, buff, yellow,
brown and pink, medium- to coarse-grained, cross-bedded
sandstones and sands consisting of quartz, feldspar, and
chert and igneous rock fragments. These sandstones and
sands are locally conglomeratic and are ilntercalated with
varlegated, unindurated sandy clay., Locally, 2« to 3=

foot beds of lignt tan to light gray, nodular, fresh-water

limestone are present and thin beds of water-laid tuff or
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tuffaceous sandstones have also been observed (figure 4).
The area of Galisteo deposition is bordered on the southe-
west by the Sandla Mountains, on the northwest by the Jemez
Mountains and on the northeast by the Sangre de Cristo
Mountains., Across this area the thickness of the Gallsteo
formation varies from 900 feet to at least 4,300 feet, in-
creasing in thickness from the northwest part of the deposi-
tional basin to the southeast (Stearns, 1943).

An isopleth map prepared by Stearns (1943) shows the
original thickness of the Gallsteo formation in the vicinity
of the Ortiz Mountains to have been 5,000+4,000 feet.

©spinaso volcanics

Two milee north of Hagan on Espinaso Kidge (type local-
ity) the Espinaso volcanics attain a maximum thickness of
at least 1,400 feet and consist of coarse fragments of poor-
ly sorted volcanic debris (figure 4)., That the material
was deposited by streams is suggested by rude stratifica-
tion and sorting, mixing of pebble types, and general sub-
angularity of pebbles and boulders. A few beds of volcanic
ash have been cbserved, but lava flows and beds of pumice,
scoria, and other products of volcanlc explosion are rare.
liock fragments and pebbles have been identlifled as latite
and guartz latite porphyry. The dominant color 1s blue-
gray, but brownlsh, purplish, and reddish grays are also

common (Stearns, 1953¢).







Abiquiu (?) formation

The Abiquiu (?) formation is assigned to the early
Miocene and consists of 1,400 feet of loosely consolidated
gray-white, tan, pink, and orange~buff, medium- to coarse-
grained sand and subordinste sandy silt that unconformably
overlie the Espinasc volcanics on Kspinaso Kidge (figure 4)
(Stearns, 1955a).

The Espinaso volcanics, Galisteo formation, and Creta-
ceous and Jurassic sedimentary rocks are belisved by Baldwin

(1956) to be the source beds of the Abiquiu (?) formation,

Santa Fe formation

The Sante Fe formation consists of a maximum of 2,000
feet of late Mliocene and early Pliocene fan deposita of
loosely cemented, poorly sorted silt, sand, and gravel;
river deposits of clean well-rounded gravels with inter-
bedded quartz latite andesite; and andesite-basalt flows
(figure 4) (Stearns, 1953a).

These deposits were derived from Precambrian and Penn-
sylvanian rocks of the Sangre de Cristo Mountains (Stearns,

1953a; Baldwin, 1956),

Late Tertlary and Quaternary Alluvium and Gravels
More than seventy-five per cent of the area is covered

by & thick mantle of late Tertlary and Quaternary alluvium

and gravel., Geologic contacts of older rocks were inferred







and projected beneath this cover. Since this thesia deals

only with bedrock geology these deposits were not mapped,

but they consist of unconsolidated aggregates of pebbles,
cobbles, and blocks of igneous rocks and metamorphosed sedi-
mentary rocks in a& sand matrix that unconformably overlies
the upturned and beveled edges of older rock units. These
are the deposits that make up the "high altitude conoplain"
described by Ogilvie (1905). They are referred to by Stearns
(1953%a) as the Quaternary Tuerto gravels (figure 4).

Recently baldwin (1966) suggested that the term "Santa
Fe" be ralsed to group status and for it to include the
Miocene Abiguiu (?) formation of Stearns (1l9563a) as the basal
unit of the Santa Fe group. To what was previously referred
to as the "Santa Fe formation" Baldwin applied the name
Tesuque formation and called it the middle unit of the Santa
Fe Group. The Upper unit is Stearns' (1853a) Tuerto gravel
of late Pllocene or early Plelstocune age.

The angular unconformity between the Santa Fe formation
(Tesuque formation) and the Tuerto Gravels is referred to by
Baldwin (1956) as the "lower Ortiz surface" of late Pliocens
time. Along the Rio Urande, north of the area mapped, accumu-
lation of these gravels was interrupted by a period of erosion
which formed the "upper Ortiz surface” upon which were deposit-
ed basalt flows of Pleistocene time (bBaldwin, 1956). Deposi-

tion of alluvium and gravels of the same type, also derived

from the Ortiz Mountains, has continued to the present. For
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a detaliled resume of the description and areal distribution
of the late Tertiary and Quaternary deposits ﬁhe reader is
referred to bryan (1938), Bryan and McCann (1956, 1937, and
1938), Stearns (1963a) and Baldwin (1956).

GEOLOGIC STRUCTURE
Heglonal Tectonic Setting

The Ortiz Mountains are sltuated along the eastern am
of the New Mexico lockies tectonlc province which is border-
ed on the east by the Great FPlains and on the west by the
Rio Grande depression or vasin, The area 18 included in the
San Pedro-Ortiz porphyry belt which is bordered on the waest
by the lagan embayment of the Santo Domingo basin and on the
north and east by the Santa Fe embayment of the Espanola
basin (figure 3) (Kelley, 1954).

Kelley (1955) has subdivided the Colorade Plateau into
five dlistinct northwest-trending tectonic segments separate
ed by tectonic lineaments which he defined as "either a gen-
eral allgnment of structural features or a boundary betweon
contrasting structural features." He further demonstrated
that all of the laccolithic intrusions of the Colorado
Plateau occur withln the so-called San Juan segment which
is bordered by the Uncompahgre and Zuni linesments., Within
this segment all the laccolithic centers fall on one of
three parallel lines that also trend northwest., These lines

are refsrred to as "porphyry lines," ané he notes that the







Lsa Sal porphyry line, which connects the Park City,

La Sal, La Plata, and Bland intrusive centers, ir extended
southeastward, would also include the Cerrillos centers,
which presumably includes the (Ortiz Kountains, in the ad-
jeining Southern Hockies tectonic province, He concluded
that perhaps the position of these lntrusions 1s controlled
by the intersection of the northerly and northeasterly tec-
tonlc trends cof the Scuthern Rockies Province and the northe
westerly trends cof the Colorado Plateau.

The Tijeras fault system extends northeastward across
the southern part of the Ortiz Mountains and roughly paral-
lels Cunningham Gulch, This fault system is of regional
extent and is continuous from the west base of the Manzano
Mountains southesst of Albuquerque for over 25 miles to the
southern end of the Sangre de Cristc Mountalns (figures 3
and &), The fault system consists essentially of a palr of
parallel faults through much of its length and outlines a
linear slice that 1s in part, a graben, and in part, a
horst, Individual faults of the system are princlpally high
angle normal faults, but high angle reverse faulta have
also been cbserved, This fault system in regarded as pre=-

Abigquiu (?) in age (Stearns, 1953a),

Local Structure
The most pronounced structural feature of the nerthern

part of the Ortiz Mountains is the persistent eastward dip -

of the sedimentary rocks and the igneous sheets that intrude







them., This is an expression of a southward extenslion of

he Galisteo monocline as mapped by Stearns (1953a). This
structure consists of eastward dlpping ssdlimentary forma-

tions on the upthrown side of the poat-Santa Fe Rosario or

la bajada and EHarro faults, two of the numerous normal faults
that mark the esstern 8dge of the Nio Orands depreasion. The Ko
sario fault borders the Ortiz Mountains on the west and ex-

tends northward for 15 miles (figure §). At its point of

maximum throw, midway along its strike, the 7Triassic Dockum

group 1s upthrown against the late Tertlary Santa Fe forma-

tion (Sto‘m‘p 18{:3‘).

One minor normal fault of little displacemont was mspped
in the extreme northwest part of the area (figure 1). It
seems likely that faults exist Iin other parts of the mapped
area, but fault brecola, displeced bads and other oriteria
suggesting faults, Lif present, are thoroughly obscured by
alluviun and gravel.

Two small folds were mapped in the west contral part
of the area. 7They are local structures and resulted from
the buckling of sedimentary Leds batwoen two laccolithlo

intrusive centers (figure 1l).

Structure of Igneous Intrusive Lodies
The Ortiz Mountains have bsan reforred to by some

authors as a simple laccolith and by cthers as a laccolith

with asacciated intrusive sheets., 'owever, in the northern
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part of the mountains it can be demcnstrated that the ig-
neous instrusive rocks actually cccur as many extensive
porphyry sills and several small porphyry laccoliths, and
as a large non-porphyritic stock., A voleanic vent and a
faw dike- or plug-like feeders connecting sills may also be
observed.

At least a dozen individual sills were mapped. They
range in thickness from less than 50 feet to over 400 feet,
They are generally continuous and throughout most of their
extent follow the bedding of the sedimentary rocks that they
intrude, but locally they cut acroas the bedding at & very
low angle., This fact was first noted by Lee (1913). A few
may be traced northward from the area mapped for a dlstance
of over four miles, The sills are rslatively resistant to
erosion and consequently they form the cap and dip slope of
cuestas, They occur from along the top of the Dakota (?)
formation through the Mesaverde formation, but are most
abundant in the Mancos shale (figure 1),

Six small laccoliths were observed, and they are all
confined to the western side of the area. Thelir tops have
been eroded; they presently range in thickness from about
600 feet to over 900 feet and are roughly circular, with di-
ameters that range from 1,800 fest to over half a mile
(figure 1). They have intruded the Mancos shale exclusive-
ly, and the apparent centers of flve of them form a linea-

ment that trends N. 20°%V, and roughly parallels the Kosario







or La EBajada fault, which 1is approximately one mile to the

west, Of these five, the northern three appear to have been
intruded at the same stratigraphlc level as indicated on
figure 1., The fourth one 1s stratigraphlcally higher than
the first three, The sixth, located immediately east of

the first three, is approximately at the same stratigraphic
level as thne fifth (figure 1). These laccoliths appear to
thin rapidly away from their intrusive centers to a point
beyond which a persistent thickness l1ls malntained, forming
fringing sills.,

The most prominent intrusive body in the area is a
large slliptical stock that hes cut across the sedimentary
beds and the sills that intrude them, It is approximately
two and a half miles long and ons and a half miles wide with
the long dimension trending east-north-east., This igneouas
body has been called a laccolitn% but the present author
thinks 1t 1s a stock because 1t was nowhere observed to lie
on older rocks, and because 1t cuts across the rocks that

surround it (figure 1).

PETROGRAPHY
The igneous rocks of the Ortiz Mountains area are al-
most all of intermediate composition and can be subdivided
into two broad categories -- porphyritic and non-porphyritic.

They have been called syenite porphyry (Yung and McCaffery,

1903), diorite approaching monzonite (Lindgren, 1910),







tracnyandesite (Johnson, 1903), and dacite, diorite, es-

sexlte, and andesite (Ogllvie, 1908).

Table I is a tabulation of three chemical and norma-
tive analyses of rock samples collected by Ogilvie (1808).
In her original paper she provided sleven analyses of rocks
from the Ortiz Mountains, but apparently only these three
samples were collected within the area of the current study.

In the initlal phases of the petrographic study of the
porphyrles, potash feldspars were not optically ascertain-
able, However, a glance at the chemical analyses by Ogil-
vie disclosed that approximately 2-4% of these rocks is
potash, It was, therefore, assumed that the potash feld-
sapar 1s present as minute grains in the microcorystalline
groundmass. This assumption was confirmed by applicaticn
of a feldspar staining technique modified somewhat from the
me thod originally developed by Gabriel and Cox (1928)., The
technique conslisted of suspending a sawed surface of a rock
one-quarter inch above a surface of fuming hydrofluoric
acid, the temperature of which was maintained at approx-
imately 150°F. After fuming for approximately four minutes
the sample was submerged in a container of water for a few
seconds to remove the excess acid. Next, the sample was
immersed in a concentrated sodium cobaltinlitrite solution
for three minutea, It was then allowed to dry at room

temperature for a periocd of no less than ten to twelve hours.

Afterward, 1t was again rinsed in flowing water to remove







Chemical and normative analysis of three

igneous rocks from the northern part of

the Ortiz MNountains (after Ogllvie, 1908).

Chemical Analysis Normative Analysis
I 3 9 1 3 9

10g |63.11 f6e.48 |61.42||qu 2.72 [2s.08 |
h1g05 [16.75 [8.07 [19.40 |[or [20.57 [212.79 | 23.01
Feg0s | 2.66 |2.61 | 3.72|[av [s9.82 [39.82 | 22.01
Fe0 1.9 |1.97 | 3.35|[an [6.28 |21.68 | 17.2¢
hg0 1.22 | 1.3 | 2.56 || ne 2| 14.48
Ca0 S.68 4,07 7.80 || Llop | 4.32 0.22 | 12,21
Nag0 | 4.76 |4.69 | 5.26||8yp |2.00 | 4.2
K20 3.48 |2.,16 | 3.96 (|01 0.90
lieos | 2.09 |0.52 | 0.9 |[mag [2.32 | 3.7 | 5.34

20- | 0.38 |o0.12 | 0,06 ||Hem | 1.12

7103 | 0.60 |0.60 | 1.39 ||1im |1.82 | 1.22 | 2.7¢
Pg0s | 0.26 |0.28 | 0.83 ||ap |o0.3¢ | 0.67 | 1.34
5 0.03 |0.03 [ 0.08

n0 0.11 | 0.7 | 0.23

" 0.16 |0.09 [ 0.22

Total l00.03 |99.79 [100.39

i. Llaclite (Leurvikose-Lassenocse) -~ intrusive sheet on the

west alde of the mountsins,
3. Laocite

eaast slde of the mountalins.,

(Yellowstonose) - intrusive sheet on the north-

9., Essexite (Essexose) - from the top of the highest

mountain (Flacer Mountain?).
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the solution that did not react with, but superficially
coated feldspars and other minerals. As pointed out by

the originators of the technique the hydrofluoric acid con-
verts the surface of the minerals to a gel-like substance.
Upon inmmersion in the stalning soluticon the gel produced by
the potash feldspar reacts with the sodium cobaltinitrite

to form a precipitate of bright yellow potassium cobaltini-
trite, thereby sselectively coloring the potash feldspar and
permitting its content to be estimated with a fair degree of
acocuracy.

Petrographic investigation of the non-porphyritic rocks
disclosed that ths plagloclase feldspar is andesine, whose
optical properties are not greatly different from those of
orthoclase, Consequently, it was also necessary to subject
the non-porphyritic rocks to stain tests in order to pro-
vide a reliable estimate of the potash feldspar content,
These tests and microscoplc investigations snowed that plagi-
oclase and potash feldspar cccur in essentially equal pro-

portions in these rocks,

Trachyte~latite Vent Lock
The Cunningham Gulch area 1s occuplied by an elongate
mass of partly brecciated intrusive rock (figure l). Gris-
wold (1948) called it a "brecciated monzonite stock."

Stearns (1963c) concluded that the mass represented a "vent
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breccia." He postulated that the vent in early Tertiary
time had extruded volcanic material that was later removed
by erosion and deposited in the surrounding areas as the
Espinaso volcanics.

All but the extreme southwestern part of this mass
appears hydrothermally altered to such a degree that the
ccnstituent grains for the most part are not apparent. It
has & 4irty gray, chalky appearance and is thoroughly stained
with limonite, The rock is reportedly gold- and scheelite-
bearing. In the northeastern half of the Cunningham Guleh
area it contains numercus xenoliths of hornfels, quartzite,
porphyry, and other rocks that are foreign to the general
area, These xenoliths, which range from less than an inch
to several feet in dilameter, are themselves thoroughly al-
tered and commonly silicified (plate I-B).

The southwestern part of the mass is essentlially un-
altered and can best be described as a light- to mediume-
gray porphyry with very small, dark green mafic minerals
and large slzed feldspar phenocrysts in an aphanitic ground-
mass. On a hill just south of the Ortiz Mine a dike-like
mass of rock 40 feet long and about 10 feet wide, consist-
ing essentlally of equal amounts of quartz and feldspar,
was observed to cut across this rock.

Along its northwestern border the mass is apparently
truncated and lincluded by the augite monzonite stock (plate

II-A). Along ilts northeastern border it appears to intrude







sandstone and shale of the Mesaverde formation., Along its

southern border, which for the most part is outside the area
mapped, it is cut by a fault of the Tijeras fault system.
Along the fault it 1s thoroughly brecciated.

The reglonal dip scross the entire mapped area is ap-
proximately 15° to 20° to the east, consequently, the ex-
treme soutawestern part of this mass of igneous rock is now
approximately 1,500 feet higher relatively than it was pri-
or to the faulting that resulted in this regional dip. In
this part of the mass it 1s relatively unaltered and con-
tains distinct feldspar phenccrysts up to one inch in length.

Time did not permit a detalled investigation of thin-
sectlions of these rocks, but a cursory examination was made
of five thin-sections prepared from samples taken from var-
ious parts of the ilgneous mass.

Those taken from the northeastern or structurally high-
er part of the mass disclosed that 1t consists of fine-
grained, angular fragments of trachytic-textured rock con-
sisting of feldspar microlites, angular fragments of fine-
grained, cryptoerystalline to glassy material and anhedral,
perhaps brecciated, crystals of orthoclase and plagloclass.
These are contained in a mlicro- to cryptocrystalline grounde
mass the texture of which 1s in part trachyti¢c and in part
resembles the salt-and-pepper-like texture of the latite-

andesite porphyries. No mafic mlinerals are present and ap-

parently they have been completely destroyed by hydrothermal







activity and weathering, thereby accounting for the intense

limonite staining,

These samples are suggestive of a lithic tuff and this
part of the mass probably represents volcanic material that
congealed within the upper part of the vent,

A staln test disclosed that potash feldspar is the dom-
inant feldspar, and that plagioclase occurs in only subordi-
nate amounts. The rock appears to be a trachyte,

The term trachyte 1s used here as defined by Williams
et al. (1954) to describe a rock containing less than 10%
quartz or 104 feldspathoid plus ollvine in which orthoclase
constitutes more than twe-thirda of the total feldspar.

Thin-sectlons of samples from the southwestern or rela-
tively deeper part of the mass are dlistinctly porphyritic
with phenocrysts of polkilitic orthoclase and plagloclase,
These minerals are lmbedded in a microcrystalline ground-
magss, Quartz was positively identified and occurs in
amounts of slightly less than 10%. Fragmentatlon, charac-
toriatic of the upper part of the mass, 1s not evident in
the desper part.

Several samples of thls rock type were subjected to a
feldspar stain test, and 1t was discovered that those samples
taken from the upper part of the vent consist predominantly
of orthoclase with only minor amounts of plagloclase., Those

samples taken from the lower part of the vent consist of

essentially equal amounts of orthoclase and plagloclase,







Thus, the igneous mass as & unit varises in composition and

texture from a quartz-bearing latite porphyry where it 1s
structurally lower to a brecciated trachyte where it 1s
structurally higher, that is from southwest to northeast.

A detalled study of this rock mass was not made and the
explanation for its variation in composition 1s by no means
clear, However, as previously noted the upper or northeast-
ern part of this igneous mass has been intensely altered by
hydrothermal solutions. These solutions may have been rich
in potassium which would replace the sodium in the plagio-
clase feldspar converting it to a potash feldspar, thereby
accounting for the trachyte composition of this part of the
rock mass,

Since this igneous mass appears to represent a volcanic
conduit and because it grades vertically upward from a quartz-
bearing latite porphyry to a trachyte vent breccla it is col-
lectively referred to, and mapped as, intrusive trachyte-
latite vent rock.

Latite-andesite Porphyry

These porphyry rocks occur as extensive sills and small
laccoliths and, generally speaking, are saturated with re-
spect to silica. That 1s to say, they usually contain less
than 10% quartz. For the most part potash feldspar consti-
tutes more than one-tenth but less than one-third of these

rocks. The remaining feldspar is andesine. These rocks

generally conslst of plagioclase and hornblende phenocrysts
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in a microcrystalline groundmass that under the petrographic
microscope has a distinct salt-and-pepper-like appearance
not unlike the flne aggregate mosalc structure commonly dls-
played by chalcedony (plate Il-E and plate III-A). Such
aphanophyric rocks that are intermediate in composition be-
tween trachyte and andesite have been referred to by some
workers as trachyte-andesite (Johannsen, 1937) or trachy-
andesite (Williams, et al., 1954).,

Williams, et al, (1954) apply the term trachyandesite
to all andesites with more than ten per cent modal or norma-
tive potash feldspar, They point out, however, that many
trachyandesites are recognlizable only be means of chemical
analyses because the potash is often contained iIn micro-
and crypto-felsitic interatitial material, Andesine or
oligoclase is the dominant plagioclase. Diopsidic auglte
is the usual pyroxene and most apecimens contalin phenocrysts
of olivine, nornblende, or biotite. An examination of the
petrographic analyses of the rocks in the appendix of this
report demonstrates that such a definition well suits the
prophyry rocks that occur in the northern part of the Ortiz
Mountains and the author is not opposed to applying the temm
trachyandesite porphyry to these rocks,

However, Johnannsen (1937) points out that the terms
trachyandeslte and trachyte-andesite have been applied by
various workers tc describe not juast rocks that are linter-

mediate in composition between trachyte and andesits, but
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rocks that have a specific texture and mafic and feldspathoid
composition, Such confusion, he concludes, calls for the
abandonmeant of both terms,

Many petrographers agree that an aphanitic rock with
less than 10% quartz or less than 10% olivine and feld-
spatholids with equal amounts of orthoclase and plagloclase
should be called latite, They likewlss seem to agree that
an aphanitic rock with less than 10% quartz or less than 10%
olivine and felspatholids, less than 10% potash feldspar and
with plagloclase dominant over the mafic minerals should be
called andesite., Since, for the most part, the porphyritic
rocks of the northern part of the Ortiz Mountains are inter-
mediate in composition between latlite and andesite they are
referred to, and mapped as, latite-andeslte porphyry.

Nine teen samples of thls rock type and three phanero-
crystalline equivalents of 1t were examined under the pestro=-
graphic miercscope. In these samples the groundmass cone
stitutes 18-50% of the rock but it is usually about 36%.

The constlituents of this material range in size from about
01l mm to ,05 mm in diameter, and 1t is postulated ocn the
basls of stain teats that they are principally orthoclase
with some plagioclase and subordinate quartsz,

The principal phenocrysts are subhedral to euhedral
andesine. Subhedral to euhedral hornblende phenocrysts are
invariably the principal mafic mineral, although anhedral

to subhedral augite pnenocrysts were also observed., Quartz







rarely occurs as phenocrysts, but it is commonly found in

minor smounts as anhedral gralns not much larger than the
groundmass constituents, Magnetite is common and is present
in amounts up to 5% of the rock., bBiotite is rare. Acces-
sory minerals sphene, apatite, zircon, and allanite (?) are
often present 1ln trace amounts. Ephene or apatite, from the
evidence of a few slides, locally constitutes 2-3% of the
rock, Ilmenite 1s locally present in place of magnetite,
but only in trace amounts, Epidote is common and usually
occurs as a replacement o plagloclase or mafic phenocrysts.
Carbonate, presumably calcite, 1s a common and sometimes
abundant constituent. It occurs both interatitially and as
a product of alteration of mafic minerals, It appears to
be most common In those rocks that form the western side of
mountains, Eased on stratigraphlic inferences this is the
general area where the Greenhorn lilmestone might be expected,
and thus a genetic relationship is suggested betwesn the
occurrence of considerable carbonate in the igneous rocks
and the presence of a limestone in that part of the section
intruded by the igneous rocks. In the same area hornblende
xenoliths, usually about four inches long and three inches
wide, are commonly found in the latite-andesite porphyry.
Keyes (1909) pointed out that the Greenhorn limestone
in the southwestern part of the Ortiz Mountains 1s locally

garnetiferous and contains replacement ore bodies. Within

the mapped area along the western side of the mountains the
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Greennorn limestone was not found and 1t may be that the
limeatone reacted with the intruding magma, thus accounting
for the subsilicious character of the rock and the presence
of hornblende xenoliths,

The most common porphyry rock is quartz-bearing horn-
blende latlite-andesite porphyry. Locally the quantity of
quartz exceeds 10k and the name rhyodacite porphyry was ap-
plied (plate IlI-bE). This 1s demonstrated by sample numbers
0M-1l05 and OM-=115., In sample number OM-79 no potash feld-
spar was detected and the name andesite was given., The
sample, however, had been thoroughly hydrothermally altersd,
and it is presumed that whatever potash feldspar must have
been present had been kaolinlzed or destroyed in some other
way, perhaps by belng altered to cryptocrystalline quartz.
The porphyritic texture and over-all appearance of this rock
type throughout the area mapped 1s for the most part remark-
ably uniform; locally, however, the rock is phanerocrystal-
line. 7These occurrences are restricted to "feeders" and
areas that appear to be adjacent to slll or laccolith in-
trusive centers. Such rocks have been referred to as syeno-
diorite, tne phanerocrystalline esquivalent of latite-andesite
porphyry.

These phanerocrystalline rocks are locally perphyritic
with anhedral orthoclase and plagioclase phenocrysts that
are polkilitic, commonly with inclusions of all other varie-

ties of minerals found in the slide, demonstrating that the







phencocrysts were tne last crystals to form. This is illus-

trated by sample number OM-250 which was cut from a plug-
or dike-like feeder between two sills, It is proposed that
the final magma entrapped in this feeder was permitted to
cool slowly because of the heat liberated by the adjacent
cooling sills. DBy reducing the rate of cooling the last
material to consclidate crystallized as large polkilitic
crystals. Thls same material under more rapid cooling con=-
ditions would cerystallize as microcrystalline groundmass
typical of the sill rocks,

Scme of these rocks may conceivably be related to a
separate Iintruslive phase, but on the basis of fileld rela-
tions and similar mineral composition, they are here con-
sidered to be related to the latlite-andesite porphyry in-
trusives. They are believed to be in no way related to the
intrusion of the main non-porphyry stock for the simple
reason that the syenodliorites all contain quartz, wherezs
all samples taken from the stook contain nepheline, The
principal compositional difference between the syencdiorites
and the latite-andesite porphyries is that in the former
augite is a common mafic mineral, whereas in the latter
hornblende is the dominant mafic mineral, The syenocdiorites
are represented by sample numbers OM-18, 0«98, and OM=-250.

The latlite-andeslte porphyries are particularly sus-

ceptible to oxidation and are invariably iron-stained on

weathered surfaces.







Nepheline-bearing Augite Monzonite

The non-porphyritic rocks of the northern part of the
Ortiz Mountains occur as a large crosscutting stock that
forms the higher peaks in the central part of the mountains.
These rocks are exposed through a vertical range of 1,600
feat, They are undersaturated with respect toc sillica. That
is to say, they not only contaln nc quartz but have up to
10% nepheline, Plagloclase and orthoclase occur in essen-
tially equal proportions, although ortnoclase invariably is
slightly subordinate to plagioclase, which i1s exclusively
andesine. The principal mafic mineral is auglte, although
minor amounts of an unidentified pyroxene were observed in
most slides. Hornblende was noted, but usually ococurs as
uralitic rims around augite crystals (plate IV-A). These
rocks are phanerocrystalline, but it is not possible mega-
scopically to identify the feldspar crystals as either
plagioclase or orthoclase. The grain size 1s generally less
than one millimeter and the rocks are, therefore, referred
to as microphaneritic.

Petrographers agree that phanerocrystalline rocks with
essentlally equal amounts of orthoclase and plagioclase
should be called monzonites. In thls monzonite, augite 1s
the principal mafic mineral and nepheline is always present:

therefore, the rock is referred toc as nephsline~bearing au-

gite monzonlite,







Thirteen samples of thils rock type were examined under

the petrographic microscope. In these samples plagioclase

constitutes from 28% to 40% of the rock, but is usually 34%.

Orthoclase constitutes from 24% to 384 but 1s usually 30%

of the rock. The amount of augite ranges from 12% to 20%;

nepheline ranges up to 10%. blotite is common, and in a few

slides ranges from 7% to 9%. Magnetite ranges up to 7%,

Accessory minerals include apatite, zircon, and sphene. The

amount of sphene in these rocks ls unusually high for an

accessory mineral, It ranges up to 44. No olivine was ob-

served,

The texture of these rocks varies from allotriomorphic

to hypldlomorphic, serliate to granular. Locally a polkilitic

fabric is exhibited, owing to the growth of orthoclase or

nepheline around numercus small grains of the other constitu-

ents (plate IV-B).

Samples OM-207, OM-265, and OM-271 possess a texture

characterized by a sub-parallel arrangement of subhedral

tc euhedral, tabular plagioclase crystals (plate V-A). This

preferred orientation of plagioclase 18 regarded as a linear
flow structure parallel to the direction of flow of the mag-
ma in 1ts late stages of consolidation.

Mineral grains in the monzonite range from less than
l mn to 3.50 mm, The color varies from light gray through
bluish gray to black.

Unlike the porphyritic rocks, minerals in the nepheline-

bearing auglte monzonite are essentlally unaltered. kreldspars
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are fresh Instead of saussuritized, sericitized, and kaolin-
ized. Auglte, though uralitized, is not altered to chlorite,
actinolite, epidote or the clay-like material as are the
mafic minersls in the porphyries, Howsver, this rock demon-
strates a very pecullar weathering phenomenon., Large weathe
ered blocks and boulders that occcur in the gravels along
stream beds radially away from the stock are distinctly spotted
(plate V-b). These spots are dark blulsh gray and range in
size from half an inch to cne inch in dlameter and are not
basic ssgregates, The intervals between the spots consist
of whitish, chalky-appearing weathered feldspar (plagioclase?).
A slice of spotted rock was subjected to the stein tost_and
8 thin-section was prepared from some of these spots. This
investigation disclosed that they represent roughly spherical,
finer grained segregations in which unaltered orthoclase and
nepheline are particularly abundant,

Locally the nepheline-bearing augite monzonite contains
basic segregations that generally are three to four inches
in diameter (plate V-C). They consist of aggregates of
medium-grained, oriented or parallel prismatic to feather-
like anhedral crystals of augite and subordinate fine-grained
feldspars (plate VI-A). They are particularly rich in the
accessory minerals apatite and sphene. Sample number OM-124
is an example.

The auglte monzonite stock 1s belleved to have attained

its present positlon by a combination of magmatic stoping
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and subordinate arching of the overlying beds. Along the
north side of the stock the slternating sills and sedimentary
beds have not been structurally deformed at the stock contact,
which suggests that the magma punctured and sssimilated these
rocks, The process of stoping is further demonstrated Dy
sample number OM-272, which was cut from an irregular contact
of typical mepheline-bearing auglte monzonite and a large
granoblastic and porphyroblastic hornfels xenolith, This
xenolith is several yards long and several feet thick and is
completaly engulfed by the monzonlte desp in the central

part of the stock, Although obscuws,the attitude of the bed-
ding in tnis xenolith appears to be horizontal. If thls
nornfels represented an unaltered remnant of a process of
granltization one would expect the attltude of the xenollth
to be the same as the regional dlp., Silnce it is not, this
hornfels mass 1s regarded as a stoped mass,

Arching of the overlying beds ls demonstrated along the
northeast part of the stock where the Mesaverde beds are
arched over the stock (figure 1).

The problem of the origin of alkaline rocks has been
discussed by numerous authors. Daly (1914) proposed that
alkaline rocks in general represent differentiates from sub=-
alkaline magmas that have absorved llmestone. The presence
of sucn feldpatholds as nepneline is regarded as a rasult

desllication of the magma Ly the limestons and the remove

”

)

al of lime sillcates by a process of differentiation, The
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presence of limestones in the stratigraphlc section intruded
by alkaline rocks is regarded by some workers as strongly
suggestive that such rocks may have originated in that man-
ner, The magma from which the nepheline-bearing augite
monzonlite of ths Ortiz Mountalns was derived was required
to pass through a thick series of Pasleczolic limestones in
rising toward the surface. These limestones may have been
a contributing factor in the formation of this rock type.
However, numercus areas have been cited as examples where
alkaline rocks are found but where limestones are absent,
In addition, EBowen (1915) cited the Halibuton-Eancroft area
of Ontaric a8 an example of an area where an alkaline rock,
in this case nepheline syenite, has 1ntru§ed limestone with
no apparent absorption of the limestone by the magmsa., Evi-
dence of desilication is also lacking Lecause huge volumes
of the magma in the same area has crystallized as granite.

As an alternate hypothesis regarding the origin of
alkaline rocks, he concludes that moat, if not all, inter-
mediate and sialic rocks have probably besn derived from
basaltic magma by some process of differentiation, He pro-
posed (1928) that at a certain point in the granite stage
of a differentiating magma in the presence of water (vola=
tiles) there is a tendency for the feldspars to break down
into micas, accompanied by the release of silica. If these
micas and quartz sink out of the magma the amount of

NaAlSi04 will eventually reach such a concentration that







nepheline will begin to crystallize.

The investigation of the elkaline rocks of the Ortiz

Feuntalns provided no new evidence that might ald in the

solution of this interesting problem, Hcwever, the author

balieves that the presence of limestones in the section is

not sufficient by 1tself to explain the alkaline character

of tho rocks, If it were, cne wou.id expect the porphyry

rocks of thne area winich were also required to pass through

the same limestone to be alkaline too and such is obviously

not the case. However, the alkaline rocks were the last to

be intruded, and they may, therefore, have had sufficient

time tc differentiate in the magma chamber befors they were

intruded,

The rarity of alkalline rocks in general suggests that

e combination of contributing factors is required to explain

their origin., Two such factors may well ve those proposed

by Dely and Bowen,

KETAMORPHISM

Intrusion of the lgneous rocks into the sedimentary
rocks was accompanied by widespreal metamorphism., Sande-
stones have been changed to dense, nard, erosione-resistant
quartzites; shales have been altered to hornfels, and the
Greenhorn limestone wae observed in the extreme northwest

part of the area to be recrystallized and to contain abundsnt

epldote. Incrustations of epldote on bedding planes and







fracture surfaces are common throughout the entire ares,

Within an ill-defined aureole arcund the non-porphyry
stock the latite-andeslte porpnyrlies are hydrothermally al-
tered., Plagloclase and the groundmass material are deeply
kasolinized, Plagioclase is saussuritized and sericitized,
Iron appears to have been sbstracted from the mafic minersls
and redeposited along fractures as hematite and limonite.
afic minerals are commonly altered to chlorite, epidote,

tremolite, and a dirty clay-like material.

TERTIARY HISTORY

In order to understand the late geologic history of the
northern part of the Ortiz Mountains it is necessary to have
some idea of the sequence of events that took place in the
north-central New Mexicc reglon as a whole, These events as
reported here are largely a condensatlion or summary of the
interpretations of Stearns (1945, 19563) enlarged upon by the
results of the current study.

The final withdrawal of the transgressive-regressive
seas in wnhich the Upper Cretacecus Mancos shales and Mesa-
verde formaticn were deposited was fcllowed by regional
defermation and a period of erosion that continued until
late Eocene time, That thls early Tertiary ercsicn was in-
tense is verified by the fact that in the Gallsteo Basin,

that area north of the Cerrillos Hills between Glorieta

Mesa and the Jemez kountalns, the Mesaverde formation was
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entirely removed by erosion and subsequent beds were deposit-
ed directly on the Mancos shale, It is postulated that at
least 2,000 feet of Upper Cretacecus rocks were removed by
erosion in this area, Upon this erosion surface the Galisteo
formation was deposited in late Eocene time, North of Hagan
and Msdrld and sbout five miles east of the ares mapped the
Galisteo formation rests directly on the Mesaverde coal beds
and at Hagan and Madrid it is separated from the coal beds

by a few hundred feet of Mesaverde shales(Stearns, 1943).

The detrital quartz in the Gallsteo formation was pri-
marlily derived from the underlying lesaverde formation,
However, Stearns (1943) points out that the occurrence of
chert pebbles and fragments of Precambrian crystalline roecks,
coupled with a marked thinning of the Galisteo formatlion
towards the northwest, suggests that the Paleozolc and Pre-
cambrian rocks of the Nacimiento Mcuntains that were up-
lifted in Eocene (Wasatch) time, contributed sediments to
the Gallisteo depositional basin, In the area sast of Cer-
rillos large pebbles of limestone, granite, gnelss and
schist are common in the upper pars of the Galisteo forma-
ticn, The only possible source of such sediments was the
early Paleozolc and Precambrian rocks of the southern part
of the Sangre de Cristo Mountains, and Stearmns (1943) sug-

gests, therefore, that they were highlands in late Gallsteo

time.,
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A period ci late Eocene volcanism is recorded by the
fact that conformably overlyling the Qaliatoo formation are
the water-deposited Espinasc volcanics. Locally, the upper
part of the Galisteo formation contains small, rounded and
rotten pebbles of porphyry and grades transitionally into
a fine-gralined, water-lald tuff, which 1s considered ths base
of the Espinaso volcanics, The distinct contrast in lithology
between the Galisteo formation and the Espinaso volcanics is
indicative that the extrusive centers were located within
the boundaries of the Galisteo basin of deposition (Stearns,
1963¢) .

Stearns (1943, 1953a, 1985¢c) proposed that the Espinaso
volecanics were "deposited by mud flows and streams radiating
from centers of contemporaneous eruption in the Ortiz Moun-
tains and Cerrillos Hill," The large intrusive mass of
volcanic breccia in Cunninghem Gulch is considered to be such
a center.,

Stearns (1953c) demcnstrated that peripheral laccoliths,
sills and dlkes of "hornblende quartz latite porpayry,"
which is petrographically similar to the quartz-bearing
hornblende latite-andesite porphyry of this report, are
"jdentical to extrusive rocks of the Espinaso volcaniecs,"
but the Intrusives are "younger than (the) adjacent (Espinaso)
volecanlic rocks." He had earlier reported that "dlkes and
s11ls of rock types similar to the (Ortiz) ingrusives occur

in the Gallsteo formation and Espinaso volcanics through







the area mappec (Galisteo-Tonque area)" (Stearns, 1943).

He further concluded, with reference to the intrusive rocks,
that "continuity with late Espinaso vents in space and in
time mey be inferred" (Stearns, 1953¢c). Therefore, one would
conclude that deposition of the late Eocene Galisteo forma-
tion was terminated by deposition of water-laid volcanics
derived from vents whose initlal extrusive phases were fol-
lowed by intrusions of porphyry laccoliths and sills in the
Ortiz Nountains, as well as In the Cerrilleos Hills,

It has been demonstrated by Disbrow (1963) and Stearns
(19563¢) that intrusion of the laccolliths, stocks, sills, and
dikes in the Cerrillos Hills was followed by the intrusion
of crosscutting monzonite and syencdiorite stocks. A similar
development took place in the Ortiz Mountains. The intrusion
of the nepheline-bearing augite monzonite stock is here re=-
garded as the final stage of the igneous activity in the
northern part of the Ortiz Mountains for the following rea-
sons}

1. the sill rocks are quartz-bearing and the stock

rocks are nephsline-bearing; therefore, they are
not likely to have been derived from the same im-
mediate magma;

2. the geologic map (figure 1) demonstrates that the

stock cut across the sedimentary rocks and sills

that surround it and, therefore, succeeded them;
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5., that the sill rocks are hydrothermally altered
within an aureoles surrounding the stock further
shows that the sills precedsd the stock;

4. the nepheline-bearing augite monzonite 1s chilled
along its contact with the vent rock, and ths
monzonite contains xsnoliths of the vent rcck,
therefore, the vent rock must have preceded the
monzonite (plate 1-E).

With the advent of igneous activity, the Ortliz Moun-
tains bescame a highland area and has remained one ever since.
No Oligocene sediments are found enywhere in this region and
it is ccncluded, therefore, that the area as a whole was upe
1ifted and subjected to erosion during this period. The
region was also subjected to faulting and folding for the
Tijeras fault system, the Sandia Mcuntains, and several
mincr folds in ths Hagan area were established (Stearns,
1953a) .

In Kioccene time the area bDetwesen Kedrid and Santa ke,
as well a8 the Hagan area, was depressed and received sedl-
ments derived from erosion of the Galisteo and Espinaso
formations from adjoining highlands, one of which was the
Ortiz Mountains area. The sediments, the Abiquiu (?) forma-
tion, are of fine-grained detritus, implying that the aource
areas had low relief (Stearns, 1953a). In late Miocene time

the Ric Grande depression began to form and into this basin
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the Santa Fe (Tesuque) formation was deposited. These sedi-
ments were derived almost entirely from Precambrian and
Pennsylvanian rocks of the Sangre de Cristo Mountains (Bald-
win, 19566).

In late Plioccene or early Pleistocene time the Ortiz
Mountains were elevated and, hsving been stripped of the
overlylng Galisteo and Espinasc formations, began contributing
coarse sediments, the Tuerto Grave.is, derived from the meta=-
morphosed Mesozolc sedimentary rocks and the early Tertlary
intrusive rocks (Stearns, 1953a; Baldwin, 1956). The up-
1lifting of the mountalns was accomplished by normal fault-
ing along the western border of the mountains, the Rosario
or La bajade and Barro faults (Stearns, 19563a).

This faulting accompanied slight reglonal deformation
and the Tuerto Gravels rest unconformably on the underlylng
Santa Fe (Tesuque) formation. This unconformables surface
is the "lower Ortiz surface." Deposition of the Tuerto
Gravels through early Fleistcocene time was temporarily inter-
rupted at least once by a slight period of ercsion during
which time basalt flows along the Rioc Grande north of the
Ortiz Mountains were extruded. This unconformity has been
called the "upper Ortiz surface" (Baldwin, 1956).

The Tertiary gecloglic history is summarized in Table I1I,
modified after Stearns (1953a) and Baldwin (19566).

In ccnclusion, fleld evidence demonatrates that the

porphyry sills and laccoliths resulted from forcible intrusion







TAELE I1. Summary of Tertlary history of the grtiz

Mountains and surrounding areas (modifled

after Stearns, 1953a).

TIME

SEDIMENTATION

DEFORMATION OR IGNEOUS
ACTIVITY

Early Pleiatocon+

Tuerto Gravels

eroslone-

erosione-

Santa Fe (Tesuque)

Basalt flows (upper Ortiz surface)

Kosario or La EBajada and Barro
faults (lower Ortiz surface)

Pliocene formation Subsidence of Ric Grande
depression
Miocene Abiguiu (%)
formation Subsidence of Abiquiu basin
of deposition
0lig Erosion
i % Tijeras fault system
Intrusion of gugite monzonite
in Ortiz Mountalins
Intrusion of latite-andesite
porphyry in Ortiz Mountains
: Intrusive trachyte-latite vent
Espinaso volecanlcs | rock in Ortiz Mountains
Galistec forrmation
Subsidence of intermontane
iocene Galisteo sedimentary basin
Erosicn over Ortiz
Mountains and
adjacent areas
rFaleocene Regional uplift

Cretaceous

Mesaverde formation







of the magmas between the sedimentary laysrs. The non-

porphyry stock, on the other hand, attalned its position

by a combination of forcible intrusion and stoping of the
country rock. For this reason and boonut‘ the intrusions
are known to have taken place at shallow depth and are as-
soclated with volcenism, the author dismisses granitization
as & possible process of formation of the stock rocks.

As previously noted thes igneocus rocks of South Noun-
taln, San Pedro Mountalns, the Ortiz Nountalns, and the
Cerrillos lills are similar in form and composition; and
are of the same age (Ogilvie, 190&; Lindgren et &l., 1910;
end Stearns, 1953c). Helley's (19505) suggestion that the
cccurrence of these intruaives is controlled by the inter-
section of northwesterly Colorado Flateau tectonic trends
and the northward trending tectonioes of the lockles province
is supported by the simllarity in compesition and tsxture
of tnese rocks and those of the La Plata NHountains of the
Colorado Plateau, Zckel (1949) has shown that the lLa Plata
Mountains conalst of late Cretacecus or Tertiary porphyry
leccoliths, silla, and dikes and younger nonh-porphyry stocks
that intrude raleczoic and Hesozolc sedimentary rocks. The
porphyry rocks ars intermedlate betwssn dlorlte porphyry and
menzonite porphyry and consist of plagioclase, usually
labradorite, and dark green to blaok hornblende phenocrysts

)

in a dense groundmass,., Orthoclage is largely confined to

the groundmass which 1s a granular mixture of orthoclase,







quartz and accessory minerals. The similarity between these

porphyries and those of the Ortiz Jlountains is striking.

The non-porphyry stock rocks of the La Plata Mountains
are alsc younger than the porphyries and are monzonite,
syenite, and diorite.

However, Kelley (1955) has also shown that pebbles of
rock types similar to those found in the La Plata Mountains
nhave been found in beds of Montanan age in the San Juan
Bagin. Therefore, the La Plata intrusives may be at least
as old as the late Cretaceous. It has been demonstrated
thet the Ortiz Mountains intrusives are no older than late
Hocene. Thus, the regional tectonic econtrols were not only
in effect in mid-Laramide time when the La Plats Mountalns
were formed, but remained effective until late Lar mide time
when the Ortiz and adjacent intrusions took place.

The Klo Grande depressicn contains numerous and exten-
sive besalt flows of late Tertiary and Quaternary age. One
might speculate that the magmas from which the intermedlate-
type rocks of the Ortiz Mountains and adjoinlng areas wers

derived represented an early magmatic differentiate of a

basaltlc magma that later gave rise to these flows,







APPENDIX

The following pages contain petrographic analyses of
35 igneous rocks from the northern part of the Ortiz Koun-
tains., The locationa from which the samples were taken are
plotted on the accompanying geologic map (figure 1l). The
first 22 samples were taken from sills, laccoliths and feed-
srs that were collectively mapped as latite-andesite porphy-
ry. The next 15 samples were taken from the non-porphyry
stock. As previocusly noted estimates of potash feldspar were
based on stain tests, Where optically ascertainable the
potash feldspar was exclusively orthoclase; therefore,
all potash feldspar detected by staining was assumed also
to be orthoclase., Letermination of the type of plagioclase
was based on the Michel-lLevy method of maximum extinection
angle of alblite twins as described by hogers and Kerr (1942).

Examination of a stained surface of porphyritic rock
under a binocular microscope disclosed that the staining of |
the groundmass was not uniform., Although the surface was
generally yellow it was observed to be pitted or "pock-
marked' with extremely fine, white unstained areas. These
were assumed to be microscopic grains of plagloclase and/or
quarta,.

In these analyses (tr) is meant to imply that the miner-

al occurs in amounts of less than 1. In referring to grain

size the following scale 1s used:







Small <« =« « « léess than 1 mm

Medium « = =« « 1 mm to 5 mm
[AYE6 « = = = OVOr O mm
Following the petrographic analyses are photographs of

the area and photomicrographs of the principal rock types.







Petrographic Analyses







Sample No. OM-18

Rock name: quartz-bearing augite sjyenodiorite
Mode of occurrence: laccolith (?)
Microscoplic description: hypldiomorphic-granular, grains

range in size from .06 X .35 mm to 1.6 x 1.7 mm.

Minerals Per Cent
Plagioclase (Abygp) 47
Orthoclase 27
Augite 15
Magnetite )
Quartz “4
Sphene 1
Apatlte tr
Zircon tr
BElotite tr

llemarks: leldspars are partly keolinized and sericitized.
Some plagloclase crystals sre zoned snd many are twinned
according to the albite law., Augite i1s slightly uralitized,
Orthoclase 1s polkilitic with inclusions of plagicclase,
augite, magnetite, blotite, sphene and quartz. Orthoclase
was thus the last mineral to crystallize, Megascopical-

ly, the rock is microphaneritic, fine-grained, very light

gray and locally porphyritic.
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Sample No. OK=20

Rock name: quartz-bearing auglte andesite porpnyry

¥ode of occurrence: laccolitn

Microscoplc descripticnm: porphyricic withn predominantly
suhedral phenocrysts in a salt-and-pepper-like micro-
crystalline groundmass. FPhenocrysts range in size from
.10 X <10 mm to 1,30 x 2,30 mm, Groundmass constituents

about .01l mm in diameter,

Minerals Per Cent
Plagioclase (Abgy) 40
Auglte 20
Quartz 1
Apatite tr
Ilmenite tr

Microcrystalline groundmass 38

lemarks: Plagloclase 1s partly kaolinized and sericitized,
A few plaglioclase phencerysts are zoned and many are
twinned according to the alblite law., Augite 1s deeply
altered to a dirty clay-like material, carbonate,
actinolite and chlorite. I1lmenice displays alteration
rims of leucoxene. Two stailn tests gave negative re-
sults for orthoclase in the microcrystalline material.
Megascoplcally, thne rock is aphanophyric, very lighte-
gray but commonly weathers reddlish orange due to eof-
florescence of hematite and /or limonite on the weath-

ered surface.







Sample No. OM=21
llock name: quartz-bearing hornblende latite-andesite porphyry
liode of occurrence: laccolith
¥Microscople description: porphyritic with subhedral to eu-
hedral phenocrysts ln.a salt-and-pepper-like microcrystal-
line groundmass. Phenocrysts range in size from 10 x 20 mm
t0 1.50 x 3.25 mm, Groundmass constituents spproximately
.01l mm in dlameter,
Minerals Per Cent
Plagicclase (Abgg) 56
Hornblende 22
Quartz 2
Carbonate 2
Apatite tr
Microorystalline groundmass 18
KRemarks: FPlagloclase is partly sericitized, kaolinized and
saussuritized, Groundmass 1s éartly kaolinized. A feow
plagloclase phenocrysta are zoned and many are twinned ac-
cording to the albite and carlsbad laws. Some nornblende

crystals are twinned and many are resorbed and are altered

to chlorite. A stain test suggests that perhaps as much

as 60-70% of the groundmass is orthoclase. Megascoplcal-
1y, the rock is aphanophyric with small, greenish black

nornblende phenocrysts and small white, purplish white

feldspar phenocrysts set in a light blue-gray groundmass.
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Sample No. OM-22

[lock name: quartz-bearing hornblende latite-andesite
perphyry

¥ode of occurrence: sill

Microscoplic description: porphyritic with some euhedral,
but mostly subhedral phenoerysts in a salt-and-pepper-
like microcrystalline groundmass., Phenocrysts range in
size from .50 x 1,60 to 1.76 x 2.25 mm, Groundmass con-

stituventa ,01 x ,0l mm to ,02 x .02 mm in diameter.

Minerals Fer Cent
Plagloclase (Abgy) 42
Hornblende 20
Epidote s
Magnetite 2
Quartz -
Actinclite tr
Allanite (7) tr
Apatite tr

Microcrystalline groundmass S0
liemarks: Plagioclase phenocrysts are partly sericitized
and kaoclinlzed. A few plagioclase phenocrysts are zoned
and many are twinned according to both the carlsbad and
albite laws. Oroundmass sligntly kaolinized; hornblende
crystals partly resorbed and altered to chlorite and epi-
dote. A stain test suggests that perhaps as much as 60-
70 of the groundmass is orthoclase. Megascopically, the
rock is aphanophyric with medium, white feldspar pheno-
crysts and small, greenlsh black hornblende phenccrysts

set in a light bluish gray groundmass.







Sample No. COM-26

Kock name: quartz-bearing latite-andesite porphyry

Mode of occurrence: sill

Microscoplc description: porphyritic with subhedral pheno-
erysts in a salt-and-pepper-like microcrystalline ground-
mass. Phenocrysts range in size from .08 x 36 mnm to
.42 x .72 mm, Groundmass constituents are approximately
.0l mm in diameter,

Minerals Per Cent
Plagioclase (Absl) 54
Chlorite (var. penninite) 18
Carbona te 10
Quarts 4
Magne tite 3
Hema tite tr
Ilmenite tr
Apatite tr
Epidote tr
Allanite (7) tr

Microcrystalline groundmass 29

Hemarks: Plagloclase phenocrysts are partly serlicitized and
sligntly kaolinized. The groundmass 1s slightly kaolinized.
Some plagioclase phenoccrysts are zoned and many are twinned
according to the carlsbad and albite laws, Chlorite is al-
tered from original hornblende. llmenite dlsplays altera-
tion rims of leucoxene, A staln test suggests that 50-60%
of the groundmass 1s orthoclase., Megascopically, the rock
is aphanophyric with white to pinkish white, small feldspar

phenocryste and dark green small mafic phenocryats in a

blue-gray aphnanitic groundmass,







Sample No, ON=-27

Rock name: quartz-bearing hormblende latite-andesite por-
poyry

Mode of occurrence: laccolith

Microscoplc description: porphyritic with some euhedral,
but mostly subhedral phenccrysts in a salt-and-pepper-
like microcrystalline groundmass, Phenocrysts range in
size from ,80 x .82 mm to 1.50 x 2,25 mm, Groundmass
constituents are approximately .02 mm in diameter,

Minerals Per Cent
Plagloclase (Abgj) 43
Hornblende 22
Carbonate 2
Epidote 1
Ilmenite 1
Hema tite tr
Quartz tr
Apatite tr

Kicrocrystalline groundmass 30

llemarks: Plaglioclase phencerysts are partly saussuritized,
sericitized, and kaollinized. Some plagioclase phenocrysts
are zoned and many are twinned according tc the albite law,
Some hornblende crystals are partly resorbed and consider-
ably altered to chlorite: some are being replaced by
epldote., Ilmenite displays alteration rims of leucoxene.
A stain test suggests that 40-504% of the groundmass 1s
orthoclase. Megascopically, the rock is aphanophyric with
white and pinkish white, small faldspar phenocrysts and
greenlish black hornblende phenocrysts in a blulsh gray

aphanitic groundmass.,
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Semple No. OM=79

Rock name: andeaite porphyry

Mode of occurrence; laccolith

¥icroscoplc description: porphyritic with subhedral pheno-
crysts in s salt-and-pepper-like microcrystalling ground-
mass. Phenocrysts range in size from .30 x ,48 mm to
.45 x 1,26 mm, Groundmass constituents are about .0l mm

in diameter,

Minerals Per Cent
Plagloclase (Ab67) 39
Auglte 20
Tremolite tr
Apatite tr
Leucoxene tr

Microcrystalline groundmass 40

lemarks: Plagioclase phenocrysts are deeply kaolinized and
sericitized, Groundmass is partly kaolinized. Augite is
largely resorbed end thoroughly altered to a dirty clay-
like material., A stain test suggests that 10-20% of the
groundmass 1s orthoclase, Megascoplically, the rock is
aphanitic. It i1s grayish whlte and apparently is thorough-
ly hydrothermally altered.







Sample No. OM=98

Fock name: quartz-bearing augite syenocdiorite
Mode of occurrence: laccolith (%)
Microscoplc description: allotriomorghic-granular., Grains

- range in size from ,02 x .07 mm to 1.00 x 2.00 mm,

Minerals Per Cent
Plagioclase (Ab,g) 43
Orthoclase 27
Augite 18
Magne tite S
Quartz S
Sphene S
Blotlite tr
Actinolite tr
Hema tite tr
Apatite ir

Remarks: Feldaspars are partly kaolinized and sericltized,
All plagloclase crystals are zoned and many are twinned
according to both the carlsbad and albite laws., Some
augite crystals are partly resorbed, some are twinned and
many are partly altered to chlorite. Megascopically, the

rock 1ls fine-grained and medium gray.
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Sample No, OM-91

Rock name: quartz-bearing hornblende latite-andesite porphyry

Mode of occurrence: sill

Microscoplc description: porphyritic with some euhedral, but
mostly subhedral phenocrysts in a salt-and-pepper-like micro-
erystalline groundmass. Phenocrysts range in size from
.80 x .80 mm to .60 x 2,50 mm. Groundmass constituents are

about .01l x .08 mm,

Minerals Per Cent
Plagioclase (Abel) 34
Hornblende 16
Carbona te 3
Magnetite 1
Hema tite tr
Quartz tr
Epidote tr

Microcerystalline groundmass 45

liemarks: Plagloclase phonoorye%a are deeply kaolinized and
saussuritized. Some are completely kaclinized and saus-
suritized. Groundmass 1s partly keolinlized, Hornblende
crystals are partly resorbed and some are gquite thorough-
ly altered to chlorite, epldote, and a dirty clay-like
substance. Carbonate ls twinned and is poikilitic with
inclusions of euhedrsl quartz, Some plagloclase is zoned
and twinned according to both the carlsbad and albite laws.
A stain test suggests that 50-60% of the groundmass 1is
orthoclase. Megascoplically, the rock is aphanophyric with
white and pinkish white, emall feldspar phenocrysts and
greenish black, small phenoerysts of hornblende in a

blulsh gray aphanitic groundmass.,
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Sample No. OM=105

Hock name: hornblende rh&odacito porphyry

Mode of cccurrence; sill

¥icroscopic description: porphyritic with subhedral pheno-
crysts in a salt-and-pepper-like miecrocrystalline ground-
mass. Phenocrysts range in size from .21 X .54 mm to
1,50 x 4.00 mm, Oroundmass constituents are about «01l mm

in diameter (plate III-B).

Minerals Per Cent
Flagioclase (Abgg) 40
Quartz 17
Hornblende 8
Apatlite 1
llmenite tr
Hematlite tr
Pyrite tr
Allanite (%) tr
Zircon tr
Epidote tr

Microcrystalline groundmess 32

Hemarks: Plagioclase phenoccrysts are very slightly kaolin-
ized and sericitized. Groundmass is partly kaolinilzed,.
Eornblende is partly resorbed and altered to a dirty clay-
like material. Some hornblende crystals are partly alter-
ed to chlorite (plate III-E). Ilmenite displays slteration
rimsof leucoxene. A stain test suggests that perhaps as
much as 60-70% of the groundmass is orthoclase., Mega-
scopically, the rock is esphanophyric with grayish whilte
feldspar phenocrysts in a light blulsh gray aphanitic
groundmass., It weathers reddish brown, owing to efflor-
escence of hematite and for limonite on the weathered

surface.
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Sample No. OM-106

lock name: quartz-bearing latite-andesite porphyry

¥ode of occurrence: laccolith

Micrcscopic description: porphyritic with subhedral to eu-
hedral phenocrysts in a salt-and-pepper-like microcrystal-
line groundmass. Phenocrysts range in size from .26 x .36 mm
to 2,50 x 5.50 mm, Groundmass constituents are about

04 x ,00 mm,

Minerals Per Cent
Flagioclase (Ab72) 50
Actinolite 6
Quartz 3
Hornblende 2
Eiotite 2
Apatlte 1
Magnetite 1
Hema tite tr
Sphene tr
Epldote tr

Microcrystalline groundmass 33

Remarks: Plagloclase phenocrysts are partly kaolinized,
sericltized and saussuritized. OCroundmass 1s slightly
kaolinized, Lilotite and hornblende are partly resorbed.
Some hornblende is partly altered to tremolite. A stain
test suggeste that only 30-40% of the groundmass 1s ortho-
plase., MNegascoplcally, the rock 1s aphanophyric with
grayish white medium feldspar phencorysts in a bluish

gray aphanitic groundmass.
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Sample No. OK=107

Kock name: Qquartz-bearing latite-andeslite porphyry

Mode of cccurrence: sill

Microscopic description: porphyritic with aphedral to ou-
hedral phenocrysts in a salt-and-pepper-like microcrystal-
line groundmass. Phencerysts range in size from .25 x ,60 mm
to 2,00 x 3.50 mm, Groundmass constituents are about .04 mm

in diameter (plate I1I-B).

Minerals Per Cent
Plagloclase (Ab72) ey
Hornblende 6
Quartz +
Magne tite tr
Hema tite tr
Apatite tr
Pyrite tr
Blotite tr

Microcrystalline groundmass 45

remarke: Plagloclase phenocrysts and groundmass are part-
ly kaclinized. Two plagloclase phenocrysts display cross-
like intergrowth (plate II-B). The rest are twinned ac-
cording to the carlsbad and alvite twin laws. Hornblende
phenocrysts are almost completely altered to chlorite and
a dirty clay-like substance, but the amphibole cross-sec-
tions are preserved, A staln test suggests that at least
40-50% of the groundmass is orthoclase. Megascopically,
the rock is aphanitic., It is chalky white and weathered
surfaces are reddish brown owing to an efflorescence of

hema tite and/%r limonite on the weathered surface.
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Sample No, ON-109

llock name: Qquartz-besaring hornblende latites-andesite por-
phyry

Mode of occurrence:; laccolith

Microscopic description: porphyritic with anhedral to sub-
nedral phenocrysts in a salt-and-pepper-likes mlcerocrystal-
line groundmass. FPhenocrysts range in size from ,09 x .90 mm
to 1.76 x 2,50 mm. Groundmass constituents are about ,02 mm,

in diame ter.

Minerals Per Cent
Plagloclase (Abgy) 40
Hornblende 23
Quarts tr
Tremolite tr
Ilmenite tr
Hema tite tr

Microcrystalline groundmass 35

llemarks; FPlagloclase phenocrysts are partly ksoclinized and
sericitized, Groundmasss is partly kaclinized. Some horn-
blende crystals are partly resorbed and some are partly
altered to chlorite and a dirty clay-like material, 1Il-
menite displays alteration rims of leucoxene. A stain
teat suggests that perhaps as much as 50-60% of the ground-
mass is orthoclase. Megascopically, the rock is aphano-
phyric with small to medium pinkish white feldspar pheno-
crysts and small greenish black hornblende crystals in &

luish gray aphanitic groundmass.
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Sample No. ONM=1l1l3

Kock name: quartz-bearing hornblende latite-andealte por-
payry

Mode of occurrence: laccolith

Microscopic description: porphyritic with subhedral to
euhedral phenocrysts in a salt-and-pepper-like microcrys-
talline groundmass., FPhenocrysts range in size from
.40 x .60 mm to 1,60 x 2.20 mm, Groundmass constituents

are about .04 mm in dlameter,

Minerals Per Cent
Plagioclase (Abgg) 32
Hornblende 16
Epldote 6
Quartz )
Actinolite 3
Sphene 2
Apatite tr
Magnetite tr
Zircon tr

Microcrystalline groundmass o4

Hemarks: Plagloclase phenocrysts are kaolinized, sericitized
and saussuritized, 1In a few plagloclase phenocrysts ths
cores of zoned crystals are almost completely saussuritized
and the outer zones are essentlally unaltered, Groundmass
is kaclinlzed., Some plagioclase phenocrysts are zoned and
many are twinned according to the alblte law. A few horn-
blende crystals are slightly resorbed, a few are twlnned,
and some are altered to epidote and actinolite. A stain
test suggests that perhaps as much as 30-40% of the ground-
mass 1s orthoclase. Megascoplically, the rock is aphano-

phyric with smail, whitish pink feldspar phenocrysts and
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reenish black, small needle-like hornblende crystals in

a medium gray aphanitic groundmass.







Sample No. OM-11lD

Rock name: hornblende rhyodaclte porphyry

Mode of occurrence: sill

Microscoplc description: porphyritic with anhedral to sub-
hedral phenoccrysts in a salt-and-pepper-like groundmass,
Phenocrysts range in size from .30 x .70 mm to .50 x 4,95 mm.

Groundmass constituents are about .01 x .02 mm.

Minerals Per Cent

Flagloclase (Abgy)
Hornblende

Quartz

Actinolitse

Biotite

Epidote

Magne tite

Hema tite

Sphene

Zircon

Kicrocrystalline groundmsss

Remarks:; Plagloclase phencerysts are deeply kaclinized,
saussuritized and sericlitized. <The groundmass is deeply
kaclinized. The thin-section is.thoroughly stained with
limonite, Epldote has almost completely replaced some
plaglioclase crystals. A few plagioclase crystals are
zoned and some are twinned according to both the carlsbad
and albite laws., A few hornblende crystals are slightly
resorbed; scwe nave altered to actinclite. A stain test
suggests that as much as 60-70% of the groundmass is
orthoclase, Megascopically, the rock is aphanophyric
with whitish pink, small feldspar phencocrysts and small
tc medium hornblende c¢rystals in a brownish gray aphanitic
groundmass. OJutcrops are yellowish brown as a result of

thorough limonite staining,







Sample No. OQOM-=11l6 81

A stailn test suggests that perhaps as much as 65-70% of
the groundmass is orthoclase. Megascopically, the rock

i1s aphanophyric and consists essentially of pinkish white
small feldspar phenocrysts and greenish black, small horn-
blende crystals in a subordinate aphanitic brownish gray

groundmass,
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Sample No. OM-120

lkock name; quartz-bearing hornblende latite-andesite porphyry

¥ode of occurrence: slll

¥icroscoplc description: porphyritic with subhedral pheno-
erysts in a salt-and-pepper-like microcrystalline ground-
mass. Phenocrysts range in size from .72 to .96 mm to

4,75 x 5,60 mm, Groundmass constituents are about ,02 mm

in diameter,

Minerals Per Cent
Plagloclase (Abggz) 28
Hornblende 2l
Carbonate 7
Epidote 6
Quartz 3
Hema tite 1
Apatlite tr
Leucoxene tr
Pyrite tr

Microcrystalline groundmass 33

llemarks: Plsgloclase phenocrysts are kaolinized and saus-
suritized. Parts of some plagioclase crystals are com-
pletely replaced by epldote, A few plagioclase phenocrysts
are zoned and many are twinned according to the albite law,
Hornblende crystals are partly resorbed; several are twinned;
and some are altered to chlorite and epidote. Carbonate is
interstitial, A stain test suggests that only about 30-40%
of the groundmass is orthoclase., Megascopically, the rock
is aphanophyric with pinkish white, small to medium feld-
spar phenocrysts and greenish black hornblende crystals in

a blue-gray aphanitic groundmass.







Sample No., OM-121
Kock name: quartz<bsaring hornblende latite-andesite porphyry

Mode of occurrence: sill

Microscopic description: porphyritic with anhedral to sub=-

hadral phenocrysts in a salt-and-pepper-like microcrystal-
line groundmasa, FPhenocrysts range in size from .13 x ,60 mm
to 2.25 x 5,00 mm, Groundmass constitusnts are about .03 mm
in diameter.

Mlnerals Per Cent
Plagloclaase (Ab7o)
Hornblende

Epidote

Actinolite
Magnetite

Apa tite

Quartz

=
HHRWOOO

cr

Microcrystalline groundmass 38

Remarks: FPlagloclase phenocrysts are partly sericitized and
kaolinized, The groundmass l1s partly kaoclinized. Some
plagloclase is twinned according to both the carlsbad and
albite laws., Some hornblende crystals are partly resorbed,
many are completely altered to actinolite and some are
completely altered to chlorite, A stain test suggests
that 30-40% of the groundmass 1s orthoclase, Megascopic-
ally, the rock is aphanopnyric with medium orsngish white
feldspar phenocrysts in a blulsh gray aphanitic groundmass.
weathered surfaces are reddlish orange as & result of an
efflorescence of hematite and/ér limonite which has been

abstracted from the mafic minerals in the rock.







84

Sample No. OM-141

Rock name: quartz-bearing hornblende latlite-andeslte porphyry

Mode of occurrence: laccolith

Microscopic description: porphyritic with anhedral to eu-
hedral phenocrysts in a salt-and-pepper-like microcrystal-
line groundmass. Phenocrysts range in slze from .42 x .48 mm
to 2.75 x 3,20 mm, Groundmass constltuents are about .02 mm

in diame ter,

Minerals Per Cent
Plagloclase (Abgg) 36
Hornblende 9
Auglte S
Actinolite 5
biotite -
Carbona te 3
Kagne tite 2
Quartz tr
Apatite tr
Sphene tr
Hema tite tr

Microcrystalline groundmass 36

Remarks: Plagloclase is partly kaolinized, sericitized and
saussuritized, Some plagloclase crystals are zoned and
most are twinned according to the albite law. Hornblende
crystals are partly resorbed, rimmed by carbonate, and
some are partly altered toc chlorite and actinolite. A
stain test suggests that only 30-40% of the groundmass
is orthoclase. Megascopically, the rock is aphanophyric
with pinklish white, small to medium feldspar phenocrysts
and black mediwum hornblende phencerysts in a light gray
aphanitic groundmass.
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Sample No., OM-l44
lRock name: quartz-bearing hornblende latite-andeslte porphyry
Mode of ococurrence: slll
Microscopic description; porpayritic with anhedral to eu-
hedral phencerysts in a salt-and-pepper-like microcrystal-
line groundmass., Phenocrysts range in sizs from .37 x ,78 mm
to 2.00 x 3.00 mm, Groundmass constituents are avout .02 mm
in diame ter,
Minerals Per Cent
Plagloclase (Abyq) 45
Hornblende 12
Actinolite
Epidote
Carbonate

Quartz
Nagnetite

L RN

Microcrystalline groundmass 30

ltemarks: Plagloclase phencocrysts are only very slightly
kaolinized and sericltized., A few are zoned and most are
twinned according to the albite law. All the hornblende
crystals are partly resorbed and many are partly altered
to epidote. A stain test suggests that only 25-30% of
the groundmass is orthoclase. MNegascoplcally, the rock
is aphanophyric with medium white feldspar phenocrysts
and greenish black, small to medium hornblende crystals

in a bluish gray aphanitic groundmass.
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Sample No. OM-147

Rock name: quartz-bearing hornblende latite-andesite porphyry

Mode of occurrence: sill

Mlcroscopic description: porphyritic with anhedral to eu-
hedral phenocrysts in a salt-and-pepper-like microcrystal-
line groundmass. Phenocrysts range in size from .36 x .49 mm
to 1.86 x 2,60 mm, Groundmass constituents are about .02 mm

in dlameter.

Minerals FPer Cent
Plagloclase (Abgz) 38
Hornblende 12
Sphene 1
Magne tite 1
Quartz tr
Tremolite tr

Microcrystalline groundmass 50

Remarks: Plagioclase phenocrysts are partly saussuritized,
sericitized, and kaolinized. Groundmass 1s deeply kaol-
inized. Most plagioclase phenocrysts are twinned accord-
ing to the alobite law. Hornblende crystals are partly
resorbed and some are twinned., A stain test suggests that
40=-50% of the groundmass is ortnoclase. Megascopically,
the rock is aphanophyric with medium white feldspar phenc-
crysts and black, small to medium hornblende crystals in
a bluish gray aphanitic groundmass.






Sample No. OM=-250

[lock name: quartz-bearing syenodlorite porphyry

Mode of occurrence: plug-like feeder between two sills

Microscoplc description: hypldiomorphic-seriate with an-
hedral phenocrysts of orthoclase and plagioclase, Princi-
pal grains range in size from ,19 x 40 mm to .50 x 1,75 mm.
Anhedral orthoclase and plagloclase phenoccrysts range from
1,10 x 2,80 mm to 3,20 x 35.20 mm and are polkilitic with
inclusions of all other minerals in the slide.

Minerals Per Cent

Plagloclase (Abgy)

Orthoclase

Horanblende

Auglte

Kagnetite

Biotite

Sphene

Actinolite

Quartz

Apatite

Remarks: Plagloclase crystals are partly kaolinized and

sericitized. Phenocrysts are partly kaolinized. Horne
blende crystals are slightly altered to a dirty clay-like
material. Flagloclase 1s twinned according to both the
carlsbad and albite laws. Zoning of plaglioclase is com-
mon. Orthoclase and plagloclase phenocrysts are untwinned,
Megascoplcally, the rock 1s micropnaneritic, fine-grained
with pale green hornblende crystals, blotite flakes and

light gray feldspar,
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Sample No., OM-1l3

Rock name: nepheline-bearing auglte monzonite

Node of occurrence: stock

Microscopic description: allotriomorphic-seriate wlth
principal grains ranging in size from .07 x .30 mm to

07 x 2.04 mm.,

liinerals Per Cent
Plaglioclase (Ab"7) 28
Orthoclase a 26
Auglte 20
Biotite &
Magne tite :
Uralitic hornblende 6
Nepheline -
Sphene tr
Apatlite tr

emarks: Feldspar minerals are entirely unaltered.
Plagloclase 1s only very rarely twinned. Augite 1s
partly resorbed and commonly is rimmed by blotite.
A few auglte crystals are both twinned and uralitic.
¥egascopically, the rock 1s microphanerific with small
black augite crystals and small dark blue-gray feld-

spar crystals,
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Sample No. OM-102

Rock name: nepheline-bearing augite mcnzonite

Mode of occurrence; stock

Microscople description: allotriomorphic-seriate to
hyplidliomorphic-seriate, Grains range in size from

L8 x 350 mm to .75 x 1.25 mm,

Minerals Per Cent
Plagloclase (Abgg) 40
Orthoclase 38
Auglte 16
Sphene 2
Magne tite 2
Apatite 1
Nepheline tr
Zircon tr

lhemarks; Feldspar crystals are very slightly kaclinized
and sericited., Some plagloclase crystals are zoned and
many are twinned according toc the albite law. Eoth
plagicclase and crthoclase are twinned according to the
carlsbad law., Orthoclase forms overgrowths on plagio-
clase and some orthoclase corystals are polkilitic with
inclusions of plagioclase, auglte and sphene. Megascop-

ically, the rock is fine-grained and medium gray.







Sample No. OM-122

Hock name: nepheline-bearing auglte monzonite

Yode of occurrence: stock (from border area)

Microscoplc description: hypidiomorpnic-seriate, with
principal grains ranging in size from .24 X .48 mm to
1.26 x 4.00 nm, Interstitial material resembles salt-
and-pepper-like microerystalline material in the ocut-
lying sills and laccoliths., The constituents of this

material average ,.U3 mm in diameter.

Minerals Per Cent

Plagioclase (Ab68J 36
Orthoclase S0
Auglte 15
Nephellne 4
Magne tite 3
Sphene 2
Apatite tr
Hema tite tr

Microcrystalline interstitial
material 10

Hemarks: Plagloclase is slightly sericitized. Micro-
crystalline interstitial material 1s kaolinlized. Much
of this material is augite. Some orthoclase crystals
ere poikilitic with inclusions of plagloclase. Mkany
magnetite grains are rimmed by sphene. Megascopically,
the rock is mediume-gray, appears to be phansrocrystalline
with conspicuous medium greenlish black hornblende crys-
tals, Mediun feldspar crystals are also readily ap-

parent,
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Sample No. OM-=123

llock name;: nepheline-bearing auglte mcnzonite

Mode of ocourrence: stock

Microscopic description: allotriomorphic-seriate to
hyplaiomorphic-seriate, with principal grains ranging

in size from 072 X 64 mm to 0.00 x 5050 mm,

Minerals Per Cent
Plagloclase (Abgsz) 38
Ortnoclase 32
Auglte 14
Biotite S
Sphene 4
Magneatite 4
Nepheline 2
Apatite tr

Remarks: Plaglioclase phenocrysts are partly saussuritized
and kaolinized. 8Some plagioclase crystals are zoned and
many are twinned according to the albite law., Mafic
minerals are partly resorbed. Megascoplically, the rock
1s microphaneritic with medium dark green augite, black
blotite and light gray small to medium feldspar crystals,







Sample No. CON=-124

Rock name; nepheline-bearing auglte monzonlite

¥ode of occurrence: stock

Microscopic description: (this sample is typical stock
rock, but it alsc contains a segregate of chiefly mafic
minerals). The rock itself is hypidiomorphlic-granuiar
with principal grains ranging in size from .25 x .80 mm
to 1,00 x 2,00 mm, One large poikilitic nepheline orys-

tal 1s 5.10 x 13,50 nm (plate IV-E), In the segregate
augite 1is pagallol prismatic and ranges in slize from
30 x 2,00 mm to .76 x 9,50 mm, Feldspars in the segre-
gate range in size from .26 x .66 mm to .70 x .90 mm but
most are about .30 x .80 mm (plate VI-A).
Roek:
Minerals Per Cent

Plagloclase (*beg) 3

Orthoclase 33
Auglte 12
Nepheline e
Sphene 3
Magne tite 3
Biotite 1
Apatite tr
Hema tite

Segregate:
Minersals

Auglts

Plagioclase (Abég)
Orthoclase
Apatite

Magnetite

Biotite

Sphene
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femarks: Plagicoclase is only very slightly kaclinlzed and
is commonly twinned according to the albite law, Auglte
is partly resorbed. The large nepheline crystal in the
rock 1s poikilitic with inclusions of every other kind of
mineral in the slide (plate IV~E). Crthoclase is also
polkilitic. The border of the segregate 1s marked by
abundant apatite. Megascopically, the rock 1s microphaner-
itic with medium dark green augite, small black blotite and
lignt gray small to medlum feldspar crystals., The segre-
gates are dark greenish black and generally are only three

or four inches in diameter,
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Sample No. OM-252

Rock name; nepheline-bearing augite monzonite

dode of occurrence: stock

Microscoplce description: hypldicmorphic-seriate with princi-

pal gralns ranging in size from .33 x 70 mm to 1,32 x 1.56 mm,

Minersls Per Cent
Plagioclase (Abgg) 28
Orthoclase 28
Urallitic hornblende 14
Auglte 12
Biotite 7
Nepheline 6
Apatite 3
Sphene e

Hemarks: Feldspar crystals are only very slightly kaolinized,
Plagicclase 1ls invariably twinned according to the albite
law and 1s alsc often twinned according to the carlsbad
law, Ortiooclase is invariebly untwinned., A few augite
crystals are twinned and many are rimmed with uralitic
hornblende (plate IV-A). Megascopically, the rock is
microphaneritic with medium black, tabular augite crys-

tals and light gray, medium feldspar crystals.
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Sample No, OM-254

Rock name; nepheline-bsaring auglte monzonite

Kode of occurrence; stock

¥icroscopic deseripticn: allotriomorphic-seriate with
principal grains ranging in size from .24 x .78 mm to

1,00 x 1,55 mm,

Minerals Per Cent
Plagloclase (Abg)) 56
Crthoclase 54
Augite 16
Blotite 6
Magnetite o
Sphene s ?
Nepha Line 1
Zircon tr

llemarks: Feldspar crystala are only very slightly kaolinized.
Flagloclase crystals are invariebly twinned according to
the alblte law; many are also twinned according to the
carlsbad law and some display zonilng. Orthoclase is not
twinned., Megascopically, the rock is microphaneritic with
small black tabular grains of augite and small blulsh gray
feldspar crystals.
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Sample No, O¥-2587

licck name: nepheline-augite monzonite

Mode of occurrence: stock

Microscoplc description: hypidicomorphic-seriate with sub-
parallel arrangement of feldspar crystals, Principal

gralns range in size from .12 x ,17 mm to .30 x 1,26 mm,

¥inerals Per Cent
Plagloclase (Abg)) 32
Orthoclaese 27
Auglte 18
Nepheline 10
Uralitic hornblende 7
Magnetite +
Sphene 1
Apatite tr

lemarks; Feldspars are only very slightly kaolinized.
Plaglioclase is commonly twinned uaccording to both the
carlsbad and alblte laws. Orthoclase is untwinned,
¥afic minerals are partly resorbed. Megascoplically,
the rock is microphaneritic with small black tabular

augite and dark bluish gray feldspar crystals.
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Sample No. OM=-264

Rock name; nephsiine-bearing augite monzonite

Mode of occurrence; stock

¥icroscopic description: allotriomorphlce-seriate with
princlpal grains ranging in size from .l4 x .48 mm
to .84 x 1,92 mm,

Minerals Per Cent
Plagloclase (Abgg) 38
Orthoclase 36
Augite 20
Sphene 2
Magne tite 2
Carbonate 2
Nepheline tr
Bictite tr
Apatite tr
Hematite tr

iilemarkss Feldspar crystals are slightly kaolinized,
Plagloclase 1z twinned according to the carlsbad and
alblite laws. Orthoclase is untwinned. Carbonate 1is
interstitial and also partly replaces augite, which
is partly resorbed, Some augite 1s partly altered to
chlorite and a dirty clay-like material., Megascoplcal-
ly, the rock is microphaneritic with pale green small
auglte and very light gray feldsvar crystals.
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Sample No. OM=-2656

Rock name: mnepheline-bearing auglte monzonite

Mode of occurrence: stock

Microscopic description: allotriomorphic-granular with
sub-parrallel arrangement of feldspars. Principal grains

range In size from ,13 x .55 mm to .83 x 1.20 mm (plate

V-b) -
Minerals FPer Cent
Plagloclase (Abgg) 35
Orthoclase 30
Auglte 18
Biotite 8
Nepheline Y
Magnetite S
Sphene tr
Apatite tr

lemarks: Feldspar crystals are essentially unaltered.
Plagloclase 1is occaslonally twinned according to the
alboite law. Orthoclase is untwiined. Mafic minerals
are partly resorbed. GEBiotite occurs as individusl mine
erals and as rims around magnetite and augite. It also
fills cracks 1n the augite. A few augite crystals are
twinned, Megascoplcally, the rock is microphansritic
with small black biotite flakes, small to medium augite

and small feldspar crystals.
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Sample No. O¥-268

Hock name: nepheline-bearing augite monzonite

Mode of ccourrence: stock

Microscoplc deseription: allotriomorphic-seriate to hypidio-
morphic-seriate with principal grains ranging in size from

B2 x ,66 mm to 1.20 x 1.85 mm,

Minerals Per Cent
Plagloclase (Abgp) 33
Orthoclase 26
Auglte 16
piotite 9
Nepheline 9
Magnetite 5
Sphene tr
Carbonate tr
Apatite tr

liemarks: Feldspar cerystals are only very slightly kaollin-
ized. Practically all plagioclase crystals display albite
twinning., Orthoclase is untwinned and poikilitic with
inclusions of plagioclase, augite, apatite and magnetite.
A few auglte crystals are twinned and many are both rimmed
and replaced along fractures by biotite, Kegasecopleally,
the rock is microphaneritic with small biotite flakes,
small to medium black tabular auglite and small bluish gray
feldspar.,







Sample No. OK-271

Rock name: nephsline-bearing auglite monzonite

¥ode of occurrence; stock

Microscopic description: hypidiomorphic-granular with a
sub-parallel arrangement of plagioclase crystals. Princi-

pal grains range in size from .15 x .32 mm to .60 x 2.20 mm.

Minerals Per Cent

Plaglioclase (Abgy) 30
Orthoclase 24
Uralitic hornblende 17
Auglte 13
Nepheline 6
Magnetite 4
Bilotite &
Apatite 1
Sphene tr
Hema ti te tr

Remarks: Feldspars are essentially unaltered. Plagicclase
is invariably twinned according tc both the albite and
carlsbad laws, Orthoclase is untwlnned. Blotite occurs
as replacements along fractures in augite and hornblende.
Maflc minerals are partly resorbed. Megascopically, the
rock 1s fine-grained and microphaneritic with black flakes
of bilotite, black tabular crystals of augite and blulsh
black feldapar crystals,







Sample No., OM-272

Rock name: nepheline-~bearing augite monzonite

Mode of occurrence: stock with large stoped xenolith

Microscoplc description: allotriocmorphic-seriate with
principal grains ranging in size from .25 x .60 mm
to 1.00 x 2,75 mm,

Minerals Per Cent
Plagloclase (Abg;) 43
Orthoclase 37
Auglte 10
Magne tite 4
Nepheline 2
Sphene 2
bBilotite - A
Apatite tr
Zircon tr

Remarks: Feldspar crystals are slightly kaolinized and
sericitized., Auglte crystals are partly resorbed.
Plagiocclase is twinned according to both the carlsbad
and albite laws, Thils slide was cut across an irregu-
lar contact of the nepheline-bearing auglte monzonite
and a large stopsd xenolith of hornfels (probably lesa-
verde shale). In thin-section the hornfels displays a
granocblastic texture in which the principal grains are
randomly oriented and are about .06 x .10 mm, These grains
include other gralns less than .01l mm in dlameter of mag-
netite and medium-birefringent minerals, probably pyrox-
ene, The hornfels contains numerous porphyroblasts of
andesine, orthoclase, auglte, hornblende and sphene that

range in slze from .20 x .25 mm to 1.20 x 1.50 mm,
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Photographs and ranotomlcrographs

Abbreviations used
as follows;
A etk
0 ‘s =i
Ch = = =
A = =

M0 - -5

5~
|
i
J

on the photomicrographs are explained

augite

carbonate (probably calcite)
chlorite

magne tite

mlerocrystalline groundmass
nepheline

orthoclase

plagioclase (andesine)
quartz

sphene

uralitic hornblende
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Plate I iVo

A. View looking east at Placer Mountain from
the west side of the mountains.

B. View of porphyry, quartzite, and hornfels
xenoliths in vent rock in Cunningham Gulch
area.



A,

*Plate II

View of vent
rock xenolith
in nepheline-~
bearing augite
monzonite 75
yards north of
Ortiz mine.

B. Photomicrograph of crosgs-like intergrowth
of plagloclase in latite-andesite porphyry
(sample number OM-107).



Plate III

A,

Photomicrograph of euhedral qus

artz inclusion
in carbonate in latite-andesite porphyry
(sample number OM-116).




Plate IV 106

A. Photomicrograph of nephel
monzonite showing augite
uralitic hornblende (samp

B. Photomicrograph of poikilitic nepheline crystal
with inclusions of augite, plagloclase, sphene,
and magnetite (sample number OK—ith.



A, Photomicrograph of sub-parallel feldspar
crystals demonstrating linear flow structure
(sample number OM=-2 "\5 .

B. View of black spots C.
in a weathered cobble
of nevheline-bearing
augite monzonite. beari

stock

View of basic segregate
found in the northwesterm
part of the nepheline-

n% augite monzonite

sample number OM-124).

1mm



Plate VI

of

feather-like

aug
(sample number

OM

108
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