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STRUCTURE AND PETROGRAPHY OF BLACK ROCK, 
APACHE COUNTY, ARIZONA

by

Mehmet Yildiz

ABSTRACT

Black Rock, located 1. 5 m iles south of F o rt Defiance, Arizona, 

is  a composite lamprophyric dike 20 to 60 feet wide and approximately 

2, 500 feet long. In plan it  has a  crescentic outline and stands 250 to 

300 feet above the surrounding valley floor. It is  intrusive into the 

Chinle formation of Upper T riassic  age, and is  probably of Pliocene 

age. The plug is  composed of at least three different rock types:

1. Green to gray-colored, m edium -grained vogesite

2. Dark green to black, fine-grained vogesite

3. Volcanic breccia

The vogesitic rocks rep resen t separate intrusions and the 

breccia  probably formed during the ea rlie r period of intrusive activity.

MicroscopicaUy, the m ineral composition of the vogesitic rocks 

is  sim ilar. They contain sanidine, diopside, biotite, glassy m aterial.
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hem atite, limonite, magnetite, calcite, apatite, and some chlorite.

There is  little  evidence of contact metam orphism of the adjacent 

shale and sandstone, and the intrusive m ust have been relatively cool 

and viscous when it was forcibly emplaced.
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1. INTRODUCTION

(1.1) Location

Black Rock is  located in the northeast corner of the state of 

Arizona, approximately one and one-half m iles south of F o rt Defiance 

and one-half m ile west of State Highway 68 (Fig. 1.1).

(1.2) Topography

Black Rock has precipitous sides that r is e  abruptly 250 to 300 

feet above the surrounding valley forming a long narrow, arcuate ridge 

which trends generally eastward, and whose concave side opens south

ward (Fig. 2.1). The plug is  approximately 2, 500 feet long and gen

erally  150 to 200 feet wide. The ridge, composed of re s is tan t intrusive 

rocks, is  divided into two segments by a gap 100 feet wide occupied by 

sedim entary rocks of the Chinle formation (PL I).

(1.3) Climate

The mean annual tem perature a t F o rt Defiance (altitude 6, 900

feet) is  47. 6°F. The lowest monthly average tem perature is  4 4 .1°F
oand the highest is  63. 6 F. Considerable variation in tem perature occurs 

and som etim es the tem perature drops as low as -24°F, and climbs as
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high as 100°F (Gregory, 1917). The wind is  generally from  the south

west, and the annual precipitation, which comes mostly from thunder 

storm s, is  between 10 to 13 inches. The f irs t  killing fro st generally 

comes between September 30, and October 20, and the la st killing fro st 

comes between May 1, and May 30 (Allen and Balk, 1954).

(1.4) Scope of Study

The problem entailed the identification and petrographic de

scription of the rock types, and mapping of the structu re  in the igneous 

rocks com prising Black Rock. Thirty-five days of field work were r e 

quired to complete the geologic map of Black Rock and the surrounding 

sedim entary units and to collect sam ples for petrographic studies. This 

was done during the summer of 1959. Laboratory work, consisting of 

the study of thin sections using a petrographic m icroscope, was done at 

the University of Arizona during the winter of 1959-60.

(1. 5) Previous Studies

Several people have previously worked in th is a rea  and ex

amined Black Rock.

J. H. Simpson (1850) passed through F o rt Defiance and de

scribed the topographic form of Black Rock.

J. S. Newberry (1861) described the country along the route 

from  the Little Colorado to Oraibi and thence eastward to F ort Defiance.
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He also noted the volcanic rocks in the area .

L. V. P irsson  (1915) described the petrography of Black Rock 

as follows:

The igneous p art of Black Rock is  composed of large 
phenocrysts of pale-brown augite, with the centers of many 
of the large ones filled with glass inclusions, and partly  
resorbed  ra ther pale-brown biotite, resting  in a fine ground 
m ass of augite, iron ore and biotite whose granules a re  
cemented by a colorless m aterial. The rock is  lamprophyric 
and is  closely re la ted  to fourchite, to berm udite, and to 
cascadite. It might, perhaps, be mostly simply described 
as orthoclase basalt.

He also noted a sim ilarity  in petrography between these rocks and the 

igneous rocks of the Highwood Mountains, Montana.

H. E. Gregory (1917) worked on the general geology of the 

Navajo country and classified  Black Rock as an orthoclase basalt.

H. Williams (1936) worked on the volcanics of the Navajo and 

Hopi Indian Reservations and classified  the rocks as trachybasalts and 

m inettes.

J. C. Half, G. Good, and Tom Smith (1955) did a m ore detailed 

study of the Black Rock area . They named the rock a ’’K im berlite” and 

reported  a considerable amount of olivine.
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3. GENERAL GEOLOGY

Black Rock consists of an arcuate shaped, steeply dipping com

posite dike of lamprophyric rock and breccia  cutting across sedimen

ta ry  rocks of the T riassic  Chinle formation. It appears to be localized 

by a north-trending zone of minor faulting which cuts across the east

ern flank of the Defiance uplift. Locally, in the Black Rock area , the 

Chinle beds rev e rse  their dip and dip inward toward the dike structu re 

a t angles ranging from  10° to 30°.
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4. SEDIMENTARY ROCK UNITS

(4.1) Chinle Formation

Black Rock is  surrounded by rocks of the Chinle formation of 

Upper T riassic  age. These rocks also occur as isolated blocks adhering 

to the steeply dipping walls of the intrusions which form  the bulk of the 

ridge (Fig. 2.2).

The Chinle formation was named by Gregory (1917) from  ex

posures in the Chinle Valley about 40 m iles northwest of Black Rock.

This formation extends over much of northeastern Arizona, and attains 

a thickness of some 1,200 feet. The lower p a rt of the formation con

s is ts  of gray to purple shales that a re  interbedded with numerous lenses 

of tan, gray, or pinkish sandstone and conglomerate. A persis ten t zone 

of pale-green lim estone pellet conglomerate is exposed near the upper 

contact of the formation.

F ossil wood constitutes a characteristic  feature of the beds and

is  frequently found wherever the Chinle formation is exposed by erosion.

According to McKee (1951), both the fossil plants and pelecypod fossils

found in the Chinle are  late T riassic  age. There is  no evidence that any

of the typical Chinle sediments a re  of m arine origin, and much of the

calcareous m aterial p resen t may have accumulated in fresh  water basins
7



FIGURE 2

2.1. General view of Black Rock, looking east.

2 .2 . A block of Chinle formation hanging on the west

side of Black Rock.
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(Allen and Balk, 1954).

The extensive mud and sandstone deposits of the Chinle form a

tion a re  believed to be the reco rd  of a  prolonged period of accumulation 

of fine debris over a very large plain that covered the Colorado Plateau 

in late T riassic  tim e (Allen and Balk, 1954).

The Chinle formation in the Black Rock a rea  is  of variable 

lithology. Probably the m ost colorful p a rt is  a tan, red  and purple 

siltstone and sandstone unit which form s the P etrified  F o rest member. 

Purple claystone with some dark-colored sandstone is  characteristic  

of the immediate Black Rock area . In the lower p art of the exposed 

formation coarse-grained  reddish-brown sandstone locally contains 

abundant rounded quartz pebbles that range from  2 m illim eters to 1 

centim eter in diam eter. This pebbly sandstone is  exposed along the 

southern p a rt of Black Rock, and also crops out further to the west 

outside of the immediate ridge area. The best m arker bed on the south 

side of the plug is a petrified wood bearing unit 2 to 3 feet thick. The 

Chinle formation on the north side of the Black Rock is  m ostly covered 

by alluvium, with only scattered  sandstone and shale outcrops.



5. DIKE ROCKS

One major point of in te rest in th is study was the petrographic 

examination of the igneous rocks composing Black Rock. Specimens 

were collected and from  thin section studies th ree different rock types 

were identified: two varie ties of vogesite and a  b reccia  phase consist

ing of fragm ents of the intrusion and its  host rock.

Of the vogesites, one variety  is  m assive and characterized by 

green to gray color, medium grain size, and is  composed of sanidine, 

diopside, biotite, iron oxide, calcite, and apatite.

A second variety, also m assive, is  characterized  by a dark 

green to black color and a fine grain size. The m ineral components of 

this second type are  sim ilar to the f ir s t  type, but it contains m ore iron 

oxide, le ss  sanidine and biotite, and no calcite.

(5.1) General Description

The igneous rocks in this a rea  are  m ore resis tan t to erosion 

than the surrounding sedim entary rocks and, as a resu lt, the dikes and 

plugs form  isolated, steep-walled buttes that r is e  hundreds of feet above 

the plateau.

10
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A composite dike of vogesite, 15 to 60 feet wide, occupies the 

central p art of a zone of b reccia  and sustains the c re s t of the Black 

Rock ridge. In the western segment, the dike has an irregu lar shape 

and locally widens to 100 feet. The eastern  segment is  m ore regular, 

averaging about 40 feet in width. The dike generally is  encased in a 

sheath of breccia, averaging about 60 feet in width.

The breccia  contains blocks of both vogesite and sedim entary 

rocks of the Chinle formation. The fragm ents exhibit no sorting and 

range in size from  a fraction of an inch to several feet in diam eter— 

averaging about an inch.

At map location I and n  (PI. I) a breccia  crops out which shows 

a different kind of structu re . It contains sm aller fragm ents which a re  

p rim arily  igneous in character in a  glassy m atrix. It is  exposed along 

the contact between different rock types— especially between vogesite 

and breccia  units. These occurrences probably rep resen t transition 

zones (Fig. 3.1).

(5.2) Petrographic Description of Dike Rock Types

The three general rock types described above have been further 

subdivided on the basis of weathering characte ristics or slight variations 

in texture and mineralogy. These divisions include:

a. A gray-green, coarse-grained, hard vogesite which is  cut 

by white calcite veins 1 to 2 m illim eters in width. This rock is  exposed
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on the extrem e western end of Black Rock and has the following compo

sition, estim ated from  examination of thin sections:

Sanidine 35%

Diopside 25

Biotite 15

Hematite 7

Magnetite 5

Glass 8

Calcite 5

Apatite 1

b. Dark-*colored, fine-grained textured, m assive vogesite 

that in p laces contains sm all vesicular cavities. This rock occurs at 

the extrem e eastern  end of Black Rock, and also form s a dike in the 

main Black Rock m ass (Fig. 3.2). This rock is  unaltered and in some 

places contains sm all calcite veins. It contains the same m inerals as 

rock "a, " but has le ss  sanidine and calcite and m ore iron oxides and 

glass. The following percentages of m inerals was estim ated m icro

scopically:

Sanidine 29%

Diopside 22

Biotite 14

Hematite 10

Magnetite 5



FIGURE 3

3.1 . Transition zone between vogesite on the left and 

breccia on the right.

3 .2 . General view of east segment, looking east. Note 

vogesite dike cutting breccia. Road m aterial in 

foreground.
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Calcite

15

3%

14

Glass 

Apatite 

C hlorite

1

1

c. A light-green, coarse-grained  vogesite. This rock is  

characterized by flow structu re  and is  lighter in color than the f irs t 

type. Under the m icroscope it reveals no calcite, le ss  iron oxide, 

m ore sanidine, and some chlorite. It is  exposed in the middle p a rt of 

the dike at map location I (PI. I).

The m ineral percentages a re  estim ated to be:

Sanidine 45%

Diopside 22

Biotite 15

Hematite 8

Magnetite 3

Glass 6

Chlorite 1

d. A dark-colored b rittle , brecciated rock is  usually exposed 

in a transition zone between breccia  and the vogesite and constitutes a 

fourth rock type. It contains mainly volcanic fragm ents ranging from 

a tenth of an inch to 1 inch in diam eter. M icroscopically it contains 

m ore glass, le ss  sanidine, biotite, and diop side and includes some 

quartz. This rock type form s only sm all lenticular bodies. It is



exposed in the middle of the west segment, location I, and in several 

outcrops at location EL The following m inerals were noted in thin sec

tion:

15

Sanidine 5%

Diopside 14

Biotite 10

G lass 55

Magnetite 4

Calcite 5

Quartz 3

e. A coarse b rittle  breccia, which commonly has flow layers, 

contains abundant inclusions of both the vogesite and sedim entary rock 

types— the la tter being m ost abundant. M icroscopically it is  sim ilar to 

rock " c ," but differs in megascopic appearance. It contains la rger 

fragm ents and lacks flow structu re . The unit is  exposed in the middle 

p a rt of map location I.

f. A unit consisting of d ark -red  to brown breccia  is  abundant. 

The texture is  extrem ely variable and fragm ents range from  fractional 

p a rts  of an inch up to 2 feet in diam eter. Occasionally fragm ents up to 

5 feet in diam eter a re  seen. The fragm ents are  of two types:

A) Inclusions of sandstone, quartz pebbles, hornfels, and 

other sedim entary rock types.

B) Igneous rock inclusions consisting of vogesite and very
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ra re ly  granite. All the fragm ents show some alteration. This portion 

of the main rock m ass a lte rs  and weathers m ore rapidly and contributes 

m ost of the talus around the plug. M icroscopically it contains less  

diopside, biotite and sanidine, m ore iron oxide and calcite, and con

tains some quartz.

The following percentages of m inerals were estim ated in thin

sections:

Sanidine 12%

Diopside 12

Biotite 10

Calcite 8

Hematite 30

Limonite 10

Glass 15

Quartz 2

g. A soft, gray to brown-colored, highly a ltered  breccia  is 

exposed on the extrem e east side of map a rea  location IV. M icro

scopically it is  sim ilar to rock ”f, ” but contains le ss  sanidine, iron 

oxide, and m ore calcite. The calcite appears to be of secondary origin. 

The following m inerals are  p resen t in th is rock:

Sanidine 5%

Biotite 10

Diopside 10
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Calcite 25%

Quartz 5

Limonite 20

Glass 25

(5.3) Texture and Mineralogy of Vogesite

The vogesite has a porphyritic texture and less  commonly a 

granular texture. Ferro-m agnesian m inerals occur both as phenocrysts 

and in the groundmass. Those occurring in the groundmass im part to 

it a characteristic  dark appearance and their grain size exceeds that of 

the other groundmass m inerals which consist of mainly feldspar.

Feldspar: The feldspar in the vogesite is  sanidine which some

tim es form s stubby, untwined euhedral to subhedral grains, and som e

tim es form s twins. The twins a re  sim ple varie ties consisting of two 

individuals (Fig. 4.1). They a re  ra re ly  polysynthetic. Sanidine is  

occasionally altered  and coated with dustlike iron oxide, which in some 

cases is  surrounded by a clear sanidine.

Pyroxene: The pyroxene is  light- to dark-colored diopside, 

som etim es altered  to chlorite. Some of the diopside is  a dark-green, 

highly pleochroic, chrome diopside which is  som etim es altered  to 

actinolite. The diopside phenocrysts generally occur as short, stout 

p rism s with euhedral form s (Fig. 4.2). The diopside found in the



FIGURE 4

4.1. Sanidine crysta ls showing twinning. Crossed 

nicols X20.

4 .2 . Chrome-diopside crystal, in vogesite, showing 

polysynthetic twinning. Crossed nicols X20.
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m atrix  occurs as sm all grains commonly with acicular form  (Fig. 5.1). 

Optical data of the diopside are:

2V = 55-65°, Extinction angle = 35-45°.

Biotite: The biotite is  abundant in the rock and is  generally 

dark brown. Some of it, however, is  lighter in color and may contain 

less iron. A border of opaque iron oxides characterizes some biotite. 

The biotite usually appears as euhedral to subhedral pseudo-hexagonal 

tablets (Fig. 5.1). In a  few instances the biotite has been altered  to a 

light brown color with a  m arked decrease of birefringence.

Iron Oxides: The iron oxides, hem atite and limonite, a re  com

mon as secondary m inerals. Hematite also appears as a p rim ary  min

era l in the m assive rock. P rim ary  magnetite makes up 2 to 3 percent 

of the rock and is dissem inated throughout the m atrix.

Glassy M aterial: Glassy m aterial constitutes approximately 

10 to 15 percent of the vogesite. It is  m ost common in the dark vogesite 

and in breccia.

Apatite: Apatite occurs in minor percentages in the groundmass 

and commonly has euhedral form s.

Quartz: Quartz is  an accessory  m ineral or a contaminent and 

is. not common. When present, i t  occurs mainly in the breccia  zones
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and has not been found in the m assive vogesite. In the breccia  i t  occurs 

chiefly as xenocrysts with reaction rim s of pyroxene and with ru tile  in

clusions.

Calcite: The calcite occurs in the vogesite as a p rim ary  mag

m atic m ineral, and also as a secondary m ineral which has formed along 

fractu res in the breccia  zones (Fig. 5.2).

Other m inerals p resen t include se ric ite  and chlorite which 

form ed as products of deuteric alteration.



FIGURE 5

5.1. Biotite crystal and needlelike diopside crysta ls  

in vogesite. Crossed nicols X20.

5.2. Secondary calcite crystal in breccia. C rossed

nicols X20.





6. STRUCTURE

The major s tructu ra l element in the a rea  in which Black Rock 

occurs is  the Defiance uplift. This consists of a  broad anticlinal warp 

which extends about 85 m iles from  a point near State Highway 66 on the 

south to the northern end of the Lukachukai Mountains, which lie  just 

east of the uplift area . To the west this fold dips gently into the Black 

M esa structu ra l basin as the Defiance monocline (Allen and Balk, 1954). 

The Black Rock a rea  lies  along the eastern  flank of the uplift.

The local s truc tu res in the sedim entary rocks appear to be 

controlled by this regional s truc tu ra l element, and the location of Black 

Rock is  probably re la ted  to the Defiance structu ra l features. It can be 

observed on the sta te  geological map that a large percentage of the 

plugs and dikes in this region a re  located along a broad zone, trending 

northward. It is  assum ed that this broad zone is  controlled by a  frac 

tu re  zone that transects  the underlying rocks and which has served as 

an avenue for passage of the igneous m ateria ls which form  the volcanic 

plugs and dikes. The emplacement of Black Rock might, therefore, be 

controlled by an underlying fault zone or frac tu re  zone. L arge-scale  

faulting in the area  is  r a re  but sm all displacem ents a re  evident a t many 

places. It is  also possible that Black Rock may rep resen t p a rt of a

22
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ring dike system  as indicated by its  arcuate shape.

(6.1) Jointing

Well-defined polygonal jointing with horizontal axes has de

veloped in the dike rocks in p a rts  of Black Rock. Sim ilar jointing, but 

with perpendicular attitudes, is  exposed in the w estern dike segment. 

These joints characteristically  develop four to six sided columns 

oriented at righ t angles to the contact surfaces (Figs. 6.1 and 6.2).

At a few places in the plug sheeting can be seen parallel to the 

m argins. This is  not common, but was noted west of the map location 

I and n . In those a reas  it is  essentially paralle l to the contacts (Fig.

7.1).

(6. 2) Flow Structure

Along the western side of the intrusive m ass, on the vertical 

wall, the rock displays flow layers striking southeast and dipping 85° 

south (Fig. 6.1). Horizontal flow layers also have been observed at 

the top of the western portion. These dip steeply outward from  the 

center of the m ass conforming with the dip of the actual surface and 

the contact between the dike and wall rocks. Laminar flow structu res 

appear in places along the contact parallel to the walls, however, not 

every phase of the plug exhibits flow structu res. They are  best developed 

along m argins of the medium and coarse textured rock units, and tend



FIGURE 6

6.1. Columnar jointing and flow layers in the west 

segment. Looking east.

6.2. General view of the west segment, looking south

east.
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FIGURE 7

7.1. Sheeting in the m assive vogesite, parallel to the 

contacts.

7.2. Dark vogesite block in green vogesite flow.
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to die out toward the center of the m ass where the rock becomes m as

sive. Flow structu res can be observed megascopically by the parallel 

orientation of crysta ls  and elongation of xenoliths.

(6.3) Structure of Enclosing Rocks

The Chinle formation has a regional dip toward the east, but 

adjacent to the dike it dips inward at angles ranging from  10° to 30°. 

Near the contact it is  highly brecciated with large fragm ents attached 

to and partia lly  engulfed by the intrusive.



7. ORIGIN OF DIKE

(7.1) Lamprophyric Rocks

All the lam prophyre plugs, volcanic necks, and dikes, in the 

region a re  of magmatic origin. It appears that the Black Rock intrusive 

body may have been localized in its  p resen t position by fault control.

The dip rev ersa l in the sedim entary formation is  indicative of a local 

s tructu ra l disturbance, such as a  fault. The lam prophyre probably was 

not injected as liquid magma, but the fractured  and broken crysta ls , 

breccia, and foreign inclusions suggest forcible injection of dark min

e ra l aggregates that contained alkali-rich  in te rs titia l liquids. The de

ficiency of silica in th is fluid was governed by the composition and 

crystallization of the magma from  which the liquids were generated. 

According to Hack (1942) the source of the magma in the Hopi Buttes 

a rea  was a laccolithic or s ill-like  body at shallow depth. He notes that 

a ll the necks and diatrernes in the region narrow  downward, and are  

associated with a system  of frac tu res  in the ea rth 's  crust. It is  p re 

sumed, therefore, that a magma rese rv o ir which lie s  at g reat depth 

m ust have furnished magma to other a reas of the Navajo country, now 

overlain by T ertia ry  volcanic rocks.

27



28

There is  no completely satisfactory  explanation of the origin of 

lam prophyres. According to Bowen, they a re  derived from  olivine- 

basalt magma. From  the common association with cone sheets, it  is  

logical to propose that their emplacement resu lted  from  an excess of 

magmatic p ressu re  acting vertically  upward upon a  thin crusta l cover

ing causing the raising  of the roof. Other authors have suggested that 

formation of the lamprophyre group of rocks resu lts  from  the assim ila

tion of basic m aterial by alkalic or siliceous magma, or that the magma 

responsible for these dikes is  possibly a very  late residue of large 

batholitic intrusives.

Daly (1910) suggests that alkaline magmas a re  either differen

tia tes from sub-alkaline magma or differentiates from  syntectics. 

Alkaline rocks a re  usually associated with sub-alkaline rocks, but a re  

less  im portant than sub-alkaline bodies; they occur in a ra tio  of about 

1 to 100. However, many of the so-called  "sub-alkaline" rocks are  

richer in soda and potash than many of the so-called  "alkaline ro c k s ." 

Typical alkaline rocks are  so deficient in s ilica  that feldspathoids, in

stead of feldspars, crysta llize out.

Goldschmidt (1927) considers a sudden re lease  of p ressu re  an 

essential factor in the production of alkaline magmas, perhaps causing 

the decomposition of iron -rich  biotite with the resu ltan t formation of 

feldspathoids and alkaline pyroxenes. According to Shand, however, 

change of p ressu re  has little  effect upon the crystallization tem perature
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of rock magma unless a  gas phase is  present.

The w riter believes that the lam prophyres a re  to be accounted 

for by the local accumulation of early  ferro-m agnesian m ineral crysta ls  

which have then reacted  with a late differentiated fluid giving a  liquid of 

lamprophyric composition.

(7.2) Significance of Carbonate M inerals

Smyth (1927) proposed that alkaline magma coming into contact 

with lim estone resu lts  in the assim ilation of the lim estone. This leads 

to the formation of lim e and m agnesia silicates and carbonate m inerals. 

Limestone assim ilation is  generally local and is  probably aided by the 

concentration of volatile constituents in alkaline magmas. This as

sim ilation may not be im portant in the development of alkaline rocks as 

a whole, but it might explain the presence of calcite in alkaline rocks. 

Thus, even a t low tem peratures p rim ary  calcite of purely magmatic 

origin may form  from  basic alkaline magmas which contain a great con

centration of volatile constituents which include carbon dioxide. Most 

of the calcite as veinlets and dissem inations in the vogesite is  believed 

to be of this origin.

In the eastern  segment of Black Rock, the b reccia  contains a 

considerable quantity of calcium carbonate. This is  considered to be of 

a different origin than that p resen t in veins in the vogesite. During the 

volcanism the area  is  believed to have been wet and swampy and may



have contained carbonates. The high content of calcium carbonate in 

the breccia may have resu lted  from  incorporation of these surface and 

phreatic w aters in the b reccias with deposition of carbonates. Condi

tions probably favored steam  generation by contact with the rising  mag

30
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8. METAMORPHISM

Black Rock is  surrounded by the Chinle formation and intrudes 

into this formation. Xenoliths of acid plutonic rocks and sedim entary 

rock fragm ents were derived from  depth and from  the adjacent walls. 

M etamorphism of the wall rocks is  rem arkably slight, however, locally 

very thin zones of quartzite and some buchite are  developed. Some 

fragm ents of included shale have been metamorphosed into hornfels.

A 10 by 5 feet piece of metamorphosed sandstone is  exposed on the 

southern p a rt of the west segment. It is  very fine grained with a  dark 

color, and m icroscopically it contains over 50 percent opaque m inerals 

and 40 percent quartz.

The angular fragm ents of sedim entary and igneous rock in the 

breccia  sheath around the dike attest to the forceful nature of em place

ment of the igneous m ass. However, there  appears to have been little  

super-heat— it was a cool, viscous magma.
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9. AGE AND CORRELATION

In the Navajo country, volcanic necks and diatr ernes number 

m ore than 200. Petrographic study has shown that m ost of the rocks 

in the a rea  a re  sim ilar. According to Hack (1942), the volcanism in 

the Hopi Buttes a rea  occurred in Pliocene tim e when the a rea  was r e 

ceiving a thin cover of sedim ents, derived from  highlands on the north 

and east. At the presen t tim e the country rocks of the a rea  have been 

dissected in places to depths of over 700 feet, so that s tructu re  of 

typical diatr ernes is  revealed from  the level of their upperm ost ex

trem ities to depths far below the original level of extrusion.

The Navajo-Hopi volcanic province is  only one area  of vol

canism within a broad region characterized  by extrem e volcanic activity 

throughout the Cenozoic era . T ertia ry  tim e on the Colorado Plateau 

was m arked by numerous volcanic eruptions. North of Tohatchi quad

rangle the Pliocene(?) Chuska sandstone is  penetrated by several plugs 

which a re  sim ilar in composition to the dike of the Black Rock area  

(Allen and Balk, 1954). Also, the diatr ernes are  generally associated 

with dikes and volcanic necks and locally with flows and tuffs in te rs tra ti-  

fied with non-volcanic sedim ents of Middle Pliocene age (Williams,

1936).
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This does not prove a Late Tertiary age of the Black Rock

igneous rocks but the indications a re  strong.



10. ECONOMIC CONSIDERATIONS

Generally, lam prophyres a re  not a  source of valuable m inerals 

(unless we include kim berlite as a lamprophyre). However, they are  

frequently associated with gold and other m etal deposits, but their r e 

lationships to m ineralization a re  not always consistent.

In the area. Black Rock is  the m ost suitable site  for obtaining 

road ballast m aterial. For the m ost p a rt the loose talus debris has 

been used. This highly porous decomposed m ateria l is  norm ally un

desirable, but here it can be obtained close to the road and without 

blasting. B etter m ateria ls  might be produced but would be m ore 

costly. A very large volume of th is m aterial is  available, however, 

the w riter believes that the unaltered brecciated p a rt of the m ass 

would make the best road m aterial. The m assive p art would be very 

hard to crush and thus m ore costly. Much of the altered  breccia  is  so 

soft as to be undesirable. However, unaltered breccia  is  hard enough 

to be usable yet can be excavated at low cost.

In the la st few years uranium  deposits have been found associ

ated with diatrernes of the Navajo and Hopi Indian Reservations. Black 

Rock may be sim ilar in many respects  to these diatr ernes and, the re

fore, might have rela ted  uranium deposits. Further investigation is
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necessary  to evaluate this possibility.



11. CONCLUSION

As a re su lt of the field and laboratory studies and evaluation 

of work by others in the area , the w riter has come to the following con

clusions:

a. F ield evidence proves that Black Rock was intruded def

initely la te r than the Chinle formation which is  of Upper T riassic  age.

b. M etamorphism was rem arkably slight and did not greatly 

effect the country rock, therefore the intrusion was probably fairly  

cool and viscous when it was emplaced.

c. All the m assive vogesite is  of a sim ilar rock composition; 

different colors a re  the re su lt of minor m ineral variations. The darker 

rock contains m ore glassy m aterial and iron oxide m inerals, and the 

lighter rock contains m ore sanidine, diopside, and biotite. The rock 

colors change gradually with no definite line of demarkation between 

them.

d. Columnar joints, m arginal sheeting, and flow structure 

a re  locally present.

e. The Black Rock dike was probably intruded along a deep- 

seated fault or fracture zone, that acted as a  potential channel for the 

rising  magma, and angular rock fragm ents were pushed ahead and
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carried  along with the viscous magma.

f. All the igneous rocks in the region probably have the same 

origin because they appear to be closely rela ted  in age and petrography— 

all of them a re  of a  syenitic lam prophyric type.

g: A few dikes which cut each other indicate that at least 

three separate intrusions, each with minor variations, make up Black 

Rock. Field relationships indicate the lighter green vogesite is  

younger than the darker vogesite.
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