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The Non-Metallic Mineral Resources of New Mexico

and Their Economic Features
(EXCLUSIVE OF FUELS)

By
STERLING B. TALMAGE AND THOMAS P. WOOTTON

PART I. INTRODUCTION

PURPOSE AND SCOPE OF REPORT

This bulletin aims to present a summary of the available information that
is related to the mineral resources of New Mexico, exclusive of the metals and
mineral fuels. It is necessarily in large part a compilation of previously
published information, here assembled for convenience under one cover. The
compiled material has been supplemented by information obtained from
interested parties throughout the State relative to occurrences not yet described
in print, and by brief field examinations made by the writers at various times
since June, 1931. This bulletin must be considered as distinctly a preliminary
report, as several of the mineral resources mentioned herein but briefly are of
sufficient extent and importance to be made the subjects for separate bulletins.
Such special studies will be undertaken by the Bureau as opportunity offers.

As a vehicle of information, this bulletin aims to present a statement of all
the occurrences of minerals within its scope now known in the State, with a
discussion of the characteristics and uses of these minerals ; it also presents, as
far as could be learned, the history of the past production of these minerals and
mineral products. Production statistics are given wherever available, but are
admittedly incomplete. Present activities are stated as far as seems advisable or
permissible. Future possibilities are discussed, as a rule, rather cautiously; the
estimation of known reserves presents no particular problem, but any
prediction as to the commercial availability of those reserves is so bound up
with problems of production costs, supply and demand, and fluctuating markets
as to render any positive statements regarding future profits highly inadvisable.

Each mineral or mineral group is described in a general way. No attempt
has been made to render these descriptions full and complete or to state in great
detail determinative tests, as several excellent books are available covering
these mineralogical factors. Among the most widely used texts on descriptive
mineralogy are
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"Mineralogy" by E. H. Kraus and W. F. Hunt (published by McGraw Hill Book
Co., Inc., New York City), "Manual of Mineralogy" by E. S. Dana and revised
by W. E. Ford (published by John Wiley and Sons, Inc , New York City), and
the more elaborate "A Textbook of Mineralogy" by the same authors (John
Wiley and Sons, Inc.). Popular books on determinative mineralogy are "A
Pocket Handbook of Minerals" by G. M. Butler (John Wiley & Sons, Inc.),
which deals almost entirely with recognition by characteristic physical features,
and "A Manual of Determinative Mineralogy" by C. H. Warren (John Wiley &
Sons, Inc.), which gives an excellent summary of chemical methods of mineral
identification. "Mineralogy, Crystallography and Blowpipe Analysis" by A. J.
Moses and C. L. Parsons (D. Van Nostrand Co., Inc., New York City) covers
the field well in an elementary way. Special works in the field of non-metallic
minerals, their production and use, are "Non-Metallic Minerals" by R. B.
Ladoo (McGraw-Hill Book Co., Inc.), "The Marketing of Metals and Minerals"
by J. E. Spurr and F. E. Wormser (McGraw-Hill Book Co., Inc.), and "Non-
Metallic Mineral Products" by W. S. Bayley (Henry Holt and Co.).

Much of the information presented in this bulletin, especially regarding
properties no longer worked, has been taken from "Mineral Resources" and
other publications of the United States Geological Survey and the United States
Bureau of Mines. The two principal Survey publications dealing specifically
with New Mexico geology are Professional Paper 68, "The Ore Deposits of
New Mexico" by Waldemar Lindgren, L. C. Graton and C. H. Gordon, and
Bulletin 794, " 'Red Beds' and Associated Formations in New Mexico" by N.
H. Darton; other publications are cited in their appropriate places.

IMPORTANCE OF NON-METALLIC MINERALS

The lure and romance of the search for gold have bulked so large in the
public mind that when mining is mentioned one instinctively thinks of gold
mining, or at any rate of metal mining. The trend of the times seems to indicate
that the days of romantic mining and fortunes made by "taking a gambler's
chance" are about over. The successful mining companies of recent years are
those that have eliminated as far as possible the gambling element and reduced
their mining operations to a manufacturing basis. As a result, more gold is now
produced in the United States as a by-product from ores of the less valuable
metals than as a result of direct mining for gold; and in recent years the value
of the annual production of the non-metallic minerals, excluding fuels, (in the
mining of which there is no chance whatever of striking a bonanza or a rich
pay-streak) has approximated the value of the annual production of all the
metals, gold included; the value of
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the mineral fuels has been more than double that of all other minerals
combined.

The importance of the non-metallic minerals can hardly be
overemphasized, as they enter into the arts and sciences, into engineering,
agriculture and metallurgy, and abundantly into electrical equipment and many
other articles used in daily life. A full list of their uses would cover many
pages; the principal specific uses are listed under each mineral as discussed.

New Mexico has an abundance of many non-metallic minerals, and a
superabundance of some. One of the major problems in the future development
of the State is the utilization and commercial exploitation of these substances,
which furnish reserves of great value. In many cases, however, this
unquestioned value is a deferred asset, as the marketing factors exercise such a
potent economic control as to make valueless at one time or place material that
elsewhere or at some time may be of great worth.

MARKETING FACTORS
SUPPLY AND DEMAND

The successful production of the non-metallic minerals, as of any other
natural resource or manufactured article, depends on the fundamental law of
supply and demand. Prices may be temporarily elevated or depressed by
manipulation, monopolies or legislation, but the basic facts remain that if a
substance is scarce and needed the price will be relatively high, and if a sub-
stance is too abundant, or if its uses are limited, the price will be low. The price
of a mineral product is in the last analysis the controlling factor of commercial
production; only those mineral products can be mined profitably that will bring
a price in excess of the cost of producing them and delivering them to a point
where they are to be utilized. Some mineral products are so rare or so useful
that it is good economy to ship them half way around the world, but others are
so common or so easily substituted that they cannot bear the cost of
transportation even into the next county. Local abundance may be offset by
demand at a distant point, or the local usefulness of a mineral deposit may be
destroyed by the shipping in of similar material from a point at which it can be
produced more cheaply. Quality of material, accessibility of the deposit, and
location and size of markets are thus all involved in the problem of exploiting
the non-metallic minerals.

SIZE OF MARKET

The amount of any material that can be sold readily is an important factor
in production. This problem is very simple in principle, but complex in its
detailed application. The more of a material that can be sold in a given time,
the smaller the unit profit necessary to bring in a satisfactory gross profit.
Assume
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for simplicity that there exists a deposit of mineral that will sell for $10 a ton,
and the material can be produced for $9 a ton; the profit is $1 a ton. If the local
market will absorb only one ton daily, it is hardly worth the effort to operate,
but if a market in another city will absorb 1,000 tons per day, the operator can
afford to pay 90 per cent of his total profit in shipping charges. He will make
then only 10c per ton, but his total net profit per day will be a hundred times as
great as he could make in his limited local market. If the market price
fluctuates, he will find that some shipments will be sold at a profit and others at
a loss, and only if the market price is steady can he be assured of continued
profits on a small margin.

MARGIN OF PROFIT

Assume that the same man is marketing two minerals, each bringing $10
per ton in a steady market. The one is as described, leaving a 10c unit profit on
1,000 tons, while the other brings in a $5 unit profit, but only 20 tons daily can
be sold. Each mineral will bring in a gross daily profit of $100. Now assume
that the price of each mineral drops 15c per ton; that is only 1% per cent of the
selling price of each mineral, but the marketing of the first mineral, which was
on a margin of 10c per unit, will be changed from a substantial profit to a
heavy loss, while the marketing of the second mineral, which was on a margin
of $5 per unit, will bring a profit only 3 per cent less than under the former
price. The exploitation of the second mineral could continue without change of
method, though with slightly diminished returns, but the continued working of
the first mineral would be absolutely dependent on improving methods of
mining or shipping so as to bring the cost below the selling price. If the cost of
mining or of shipping the first mineral could be reduced 15c per ton, it would
again be as profitable as before.

Now assume that the price of each mineral rose to 15c above its original
level. The second mineral, with a large margin of profit, would now bring in
only 3 per cent more than at first, and only 6 per cent more than at the low
price, but the first mineral, with a small margin of profit but now being
produced at a lower cost due to improved methods, would bring in 150 per cent
more profit than under either previous condition. This simple illustration
assumes absolutely steady quantity demand. If the amount of either mineral
that can be sold at either price fluctuates, the problem becomes still more
complicated.

TRANSPORTATION COSTS

In the illustration just cited, it was assumed that the transportation cost
borne by the first mineral amounted to 90 per cent of the total difference
between production cost and selling price; yet without incurring that shipping
cost the selling price could not be secured, as the material was not salable in
quantity except
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in the specified distant market. It is obvious that a 15c¢ per ton increase in
transportation cost would have precisely the same effect as a 15c per ton
decrease in price; that is, it would shift the balance from a profit to a loss.
Conversely, the assumed drop in price might be met by a decreased shipping
cost as well as by decreased mining cost, if a cheaper method of shipment
could be devised. But in the marketing of any raw materials, this transportation
cost must be met in order to get the material to the point where it can be used.

Consider for example the case of coal, which is marketed without going
through any manufacturing process, and as an ideal case, consider for
simplicity that costs can be expressed in round numbers. The coal is of no use
to anyone while it is in the mine; its "value" in the ground is therefore wholly
hypothetical, or potential. Assume that in a certain field the miners could
extract the coal on a contract basis at $1 per ton, and that another dollar per ton
would cover the cost of doing business at the mine. The owner then could
afford to sell his coal at the mine for any price above $2.00 per ton and make a
satisfactory profit on a sufficient volume of sales. But, if the principal market
were in a distant city, either the producer or the buyer would have to meet the
cost of transporting the coal to that market, including movement of the coal
from the stockpile at the mine to the railroad cars, movement of the coal in the
cars to the distant city, and movement from the cars to the wholesaler's
stockpile in order to release the cars for further uses.

The coal on the wholesaler's stockpile might, therefore, have cost $5 or
more per ton for transportation and handling; still it would be "run-of-mine"
coal, all sizes mixed together, for which there would be small demand. In order
to meet the requirements of the city market, the wholesaler would have to run
all this coal over screens to separate it into such sizes as were demanded by the
city customers. If the fines or slack screened out furnished an excessive
amount, it might be necessary to sell this at a small loss in order to keep it from
deteriorating and becoming a total loss. Customers whose furnaces were
designed for burning slack coal could therefore get the benefit of a lower price,
while householders who demanded that the coal be furnished in large lumps
would have to pay for the coal a price that would cover the extra labor of sizing
and the loss on the slack. Distribution to retailers would involve the expense of
handling and transportation in large trucks, and distribution to customers would
involve an additional handling and transportation in small trucks or wagons or
sometimes in single bags. As a result, the consumer might have to pay $10 to
$15 per ton for the coal, delivered in his bin, which at the mine was worth only
about $2 a ton. Such cumulative increases of price would not necessarily
involve any exorbitant
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profiteering anywhere along the line, but would be simply the fair cost of
getting the coal to the place where it was to be used.

It would be quite absurd for the railroad company to buy its coal in the
city market, when it could make its purchase at the mine and start to use that
coal as soon as the train began to move. The railroad, then, would use coal
bougkht for about $2 at the mine, to haul the same grade of coal to the $15
market.

The same principle, modified in detail, is a controlling factor in the
marketing of all non-metallic minerals. Unless the producer is fortunate enough
to find a buyer who will purchase his raw material on the ground, he must
consider transportation expense as well as mining expense, and unless he can
sell his product for more than the sum of these two expenses his venture cannot
be a profitable one. Mining expenses properly include, in addition to actual
extraction costs, such expenses as installation of equipment, depreciation,
interest on investment and superintendence.

POPULATION

Size of market is a function of the number of consumers within a given
area. Ordinarily this is directly related to the general population, but it may be
modified greatly by the character of the industrial enterprises in any particular
locality. Industries may be attracted to a territory furnishing abundant raw
material, provided the markets are not too distant. The normal growth of cities
frequently makes valuable at a later date natural resources that could not be
profitably exploited when the population was smaller. For instance, sand and
gravel in northern Illinois, which were relatively worthless when Chicago was
a village, are now marketed profitably by the millions of tons per year on ac-
count of the large amount of concrete construction that is demanded in a large
city.

Recent researches by Woolley * have led him to the conclusion that the
most important limiting factor in population increase is water supply, and that
with the industrial demands consequent on the growth of cities the demands for
water always increase faster than the population, so that a large city uses more
water per capita than a small town. If these conclusions are sound, as they
appear to be, it seems improbable that New Mexico will ever be as thickly
settled as some of the more humid states in the East, and that consequently the
prospects for the development of local markets for large quantities of non-
metallic minerals are not great. Except under high-pressure sales tactics, which
eventually defeat their own purpose, it is useless to try to sell in a given area
more of any material than the inhabitants of that area can use to advantage.
Under present conditions, the beneficial use of many non-metallic minerals in
New Mexico is strictly limited

! Woolley, Ralf R., Population trends and their relation to industrial development; and Pure
water—a city's responsibility: papers presented at the 1930 meetings of the Utah Academy of
Sciences.
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by the relatively small and scattered population of the State. Large markets
must be sought elsewhere.

MANUFACTURES

In the example of coal that was cited, the material was put to beneficial use
essentially in its raw state for furnishing heat at the point of consumption. The
coal was not manufactured into any other substance, and the only treatment
that it received was a sorting into different sizes. Only a few non-metallic
minerals can be so utilized; most of them find their principal use as ingredients
Ejn the (rjnanufacture of other substances for which there is a general or special

emand.

As a simple illustration of this principle, assume that a desert lake contains
abundant and pure sodium carbonate, and that its shores are made up of sand
consisting of pure silica. Neither the soda nor the sand could be used while in
the lake; to make them useful, they would have to be moved to a point of
usefulness, as already explained. When mixed with certain other materials,
they could be used in the manufacture of ordinary glass. In order to make them
useful for this purpose the process of manufacture is essential. The cost of this
glass delivered at the point of use involves more than mining and handling
expense, as in the case of the coal that was discussed. The glass must bring a
price sufficient to cover mining and handling of the raw material, plus expert
labor in fabricating these raw materials into glass at the factory, plus the total
cost of other ingredients of the glass, plus the cost of the fuel used for fusion of
the glass (which includes carrying and handling costs of its own), plus the cost
of transporting the finished product to the point of use, plus a margin for
breakage and wastage of so friable a material as glass, plus the necessary
business costs involved in the merchandising end of the glass industry. No one
of those factors need pay any exorbitant profit, but every one of them must pay
some profit, or the manufacture and sale of the glass will be a losing venture.
The cost of the raw material at the point where it is extracted may thus be only
a minor fraction of the total cost of the finished product. The same principle
applies, with quantitative variations, to any non-metallic mineral that is used as
an ingredient in a manufactured product.

VALUATION OF PROPERTIES

Most owners of small or undeveloped mineral properties are prone to
overvalue them, and in most cases this overvaluation is an honest error based
on a failure to recognize the principles discussed in the several preceding
paragraphs. The fact that the material must pay for cost of handling, and must
allow for intermediate profits, is overlooked by the small owner, who in many
cases honestly believes that the raw material in his mine or on
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his dump is worth as much as the current price quoted in the general market.
This mistake has probably delayed the development of more properties of real
merit than any other single factor.

The writer recently saw a prospectus visioning the rehabilitation of a
property that had been worked for silver and abandoned. The idea was
advanced that the silver content was barely sufficient to pay expenses, but that
the gangue, according to a reputable and accurate analysis that was quoted,
contained potash and aluminum and barium and iron and sulphur and some
rarer elements, which would make the ore profitable to work. The profits were
estimated on the basis of the retail prices of these several substances in their
refined forms, and the fact that no one of them had ever been extracted
commercially from the mineral combinations that made up that gangue was
entirely ignored. Projects based on this type of computation are doomed to
failure from the start.

NEW MEXICO APPLICATIONS

The general laws of economics in the production of nonmetallic minerals
apply in New Mexico as elsewhere. The special factors related largely to scant
population and distance from principal markets may be summarized as follows:

1. Many New Mexico minerals of proved utility occur in concentrations
of too low a quality or too small a quantity to be commercially worked at
present. Among these are asbestos and nitrates, which have been found only in
small deposits.

2. Several minerals of excellent quality and abundant quantity occur in
the State, but they are located too far from lines of transportation or from large
markets to be commercially exploited at present. As illustrations may be
mentioned gypsum and alum. A new highway or railroad, decreased
transportation charges, or an increased demand, may put any one of the
deposits in this class on a commercial basis.

3. Some non-metallic minerals have a limited local market and so can
be produced steadily, but on a relatively small scale. As illustrations may be
mentioned the salt from Zuni Lake marketed for livestock in the western part
of the State, the sand and gravel produced locally and used in Albuquerque,
Roswell, Clovis and elsewhere, and the adobe and road materials occurring in
many parts of the State. Under present market conditions there seems small
probability of greatly expanding these enterprises.

4. Some non-metallic mineral substances in the State are available for
local manufacture on a necessarily small scale as limited by population. As
illustrations may be mentioned the volcanic cinder mined near Aden and used
for light-weight concrete in El Paso, the concrete brick made from local
material combined with imported cement and used in Hot Springs for public
buildings and other purposes, and the brick clay in Bernalillo, San
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Juan, San Miguel and Santa Fe counties used locally for buildings. The
extension of markets for such materials depends on the creation of a demand
and on low-cost transportation to the areal limits of the market.

5. Some non-metallic minerals are of rare species that can be put to
special uses in a distant market, though not used at all within the State in their
raw condition. As illustrations may be mentioned the kyanite that was mined
for some years in eastern Rio Arriba County, and the mica of several grades
from the northern part of the State. Possibly some of the sillimanite schist in
Taos County may find its way into this class. The sale of such minerals is
absolutely dependent on demand in a distant market, and they must be valuable
enough to stand a heavy transportation cost.

6. Some non-metallic minerals can be refined in the State, and the
smaller quantity of the refined product can be shipped at a reduced
transportation cost. This has not yet been done extensively, but it seems to
offer some possibilities for minerals that cannot be utilized otherwise. Most of
the potash salt that is mined near Carlsbad is refined, and the concentrated
potassium chloride is shipped a considerable distance. The possibility of
grinding and otherwise treating mica in Rio Arriba County, and of refining the
salt in the Estancia Valley with the extraction of epsomite have been seriously
considered. The refining of other minerals for distant markets, in order to avoid
the excessive cost of shipping the crude minerals, has promising possibilities.

The future progress of New Mexico non-metallic mineral production,
then, would seem to offer the greatest promise along the lines of local
refinement or manufacture of quality materials for which a national market
exists or can be created; the lesser promise would seem to be along the lines of
development of local demands and new or wider uses for raw or manufactured
material produced or consumed locally. The nation-wide large-scale marketing
of many of the crude non-metallic minerals must await a larger demand, higher
prices, or improved or cheaper transportation, which may be delayed
indefinitely and are not within the operators' control.

The specific problems of marketing non-metallic mineral products in
New Mexico, although controlled broadly by the principles already discussed,
are complicated by so many local or temporary factors as to make the
marketing of each mineral an individual problem. With non-metallic minerals,
as with all other commaodities, there is no such thing as an absolutely steady
market. Demand and supply do not maintain a constant relation; purchasers
change, and so do prices.

In the light of these changing factors, it is not feasible to consider in this
bulletin the factor of marketing under the head of each mineral as it is
discussed. Neither is it feasible for the State Bureau of Mines and Mineral
Resources to keep in touch with
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marketing developments throughout the nation. Several trade journals issue
regular and up-to-date marketing lists of prices and sources, and one phase of
the work of the United States Bureau of Mines is the compiling of such
information. The statistical department of that Bureau, at Washington, D. C., is
prepared at any time to furnish the most recent specific market information on
mineral products.

The State Bureau of Mines and Mineral Resources is in receipt of
frequent inquiries regarding the particular value or usability of some specific
material submitted as a sample. Such value in many cases cannot be
determined merely by analysis. With metallic ores, the value can frequently be
determined, or at least closely approximated, by a determination of the
percentage of metals present; but the value of many non-metallic minerals
depends on physical characteristics more than on chemical composition, and
can in many cases be determined only by special tests under working
conditions. In such cases, the determination is best made by the manufacturer
who may be able to use the raw material, on a sample of generous size.
Laboratory tests on small lots of specimen material may be quite non-
informative with regard to possible commercial use.



PART Il. GEOLOGIC HISTORY OF NEW MEXICO

New Mexico is characterized at the present time by highness and dryness,
but the geologist knows that these conditions constitute only one stage in the
complex geologic history of this region. This history includes a remote time
when rocks probably miles in thickness were removed from the surface by the
eternal effort of the streams to reduce all lands to sea level; a later long time
when the seacoast extended across the middle of the present State; a following
time when the whole State, except a few island peaks, was submerged beneath
the sea and blanketed with marine sediments; a time when the connection of
this sea with the ocean was restricted and part of the State was the site of saline
lakes or seas, with brines even more dense at times than those of the present
Dead Sea or Great Salt Lake; a time when this shallow sea was filled up and
marshy conditions existed, resulting in the formation of coal; a time of
extensive deposition of desert sands and lake sediments; a time when strains in
this part of the earth's crust resulted in bending and breaking of the rocks and
the building of mountain ranges; a time when a succession of relatively violent
volcanic eruptions buried the earlier rocks over tens of thousands of square
miles; a time immediately preceding the present age when quieter eruptions
permitted fluid lavas to flow from many volcanic vents and bury other large
areas; all of these conditions, and others, which led up to the present in which
\I:/Jve}live, under varied conditions that are merely the result of all that has gone

efore.

NATURAL DIVISIONS OF NEW MEXICO

In spite of the great complexity of the geologic record, there is in nearly
every region some feature that dominates to a sufficient degree to give that
region an individual topographic expression. Recognition of this fact has
brought about the division of the United States into seventeen recognizable
physiographic provinces." Similarly, but on a smaller scale, it has been
observed that the State of New Mexico falls naturally into five well-defined
divisions, in which the underlying geology has a characteristic topographic
expression. These have been designated by Winchester  as the Median Area,
the Southeast Area, the Northeast Area, the Northwest Area and the Southwest
Area. (See map page 20.)

! For a discussion of the physiographic provinces of the United States, see the following:

Annals of the Assoc. of Am. Geographers, XVI1I1, 4, Dec., 1928.

Fenneman, N. M., Physiography of the western United States, McGraw-Hill Book Co., Inc.,
New York City, 1931.

Lobeck, A. K., Physiographic diagrams of the United States, the Geographical Press,
Columbia University, New York City.

2Winchester, D. E., The oil and gas resources of New Mexico: N. Mex. Sch. of Mines, State
Bur. of Mines and Min. Res., Bull. 9, p. 57, 1933.
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FIGURE 1.—Index Map showing Natural Divisions of New Mexico.
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The Median Area is a strip averaging 75 miles wide, running from north
to south through the middle of the state. It includes the Rio Grande valley and
adjacent mountainous and intermontane areas on either side. North of Santa
Fe, it includes the most southerly extension of the Southern Rocky Mountains
province, and is prevailingly mountainous. In its southern portion it is
characterized by wide desert plains flanked by northerly trending mountain
ranges, and belongs to the Basin and Range province. It includes all of the
great exposures of pre-Cambrian rocks in the state, except the Burro
Mountains and the core of the Zuni uplift.

The Southeast Area includes that portion of the south half of the state that
lies east of the Median Area. It is characterized by plains and mesas, and in its
western part consists of the Chupadera formation, largely of limestone and
shale, which disappears to the east under a covering of younger sediments.
This is the only one of the five Areas of the state not marked by abundant
evidence of igneous activity. Both this Area and the adjacent one to the north
are classed as part of the Great Plains province; in their eastern parts they are
typical High Plains country, but at their western edge the dissection of the
mesas has made the topography in places of an almost mountainous aspect.

The Northeast Area includes that portion of the northern half of the state
that lies east of the Median Area. Through most of its extent it shows at the
surface sedimentary rocks of Mesozoic age from which the younger cover has
been stripped by erosion. Flat-lying beds differing in hardness have been
eroded unequally, and much of this area is characterized by flat lands at
different levels, bounded by bold escarpments. In its northern portion the
Northeast Area includes scattered tracts, totaling over 1000 square miles, of
igneous rocks; most of these are extrusive, and most of them are basaltic, and
all of them are of relatively late geologic age. Some of these flows are old
enough to show considerable modification by agents of erosion, but others are
late enough to be adjusted to the present topography.

The Northwest Area includes that portion of the state which lies north of
the Datil Mountains region and west of the Median Area. More than half of
this Area lies within the San Juan Basin, a broad structural trough in Mesozoic
and Cenozoic sediments. In places these sediments have been punched
through by numerous volcanic plugs, of which Shiprock is an outstanding
example. The southern half of the Northwest Area is dominated by the effects
of the Zuni uplift, in which is exposed the central core of pre-Cambrian rock,
flanked by plateaus which expose, step by step, successively younger rocks as
one goes outward from the center of the uplift. East of the Zuni uplift is
Mount Taylor, a great volcanic pile, which is practically surrounded by one of
the most extensive exposures of basalt in the state. This basalt area
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extends southwesterly beyond the Arizona state line. All of the Northwest
Area and the Datil section of the Southwest Area are included in the Colorado
Plateau province.

The Southwest Area includes the great Datil section, and the desert and
mountain tracts to the south that lie between the southern Rio Grande Valley
and the boundaries of the state. The Datil section consists of a complex series
of igneous rocks, mostly flows of more acidic composition than the later
basalts, inter-stratified with fragmental igneous tuffs and breccias, and with
ordinary sediments. This section has been vigorously eroded to a mountainous
aspect, except for some great intermontane plains. South of the Datil section,
isolated ranges, of both old and young rocks, stand above the surface of the
desert like islands in a sea of sand. The southern part of the Southwest Area
belongs to the Basin and Range province.

Locally, within all of the Areas, there are departures from type; but the
dominating general relations are as has been summarized.

GEOLOGIC TIME

The geologist must base his time scale on recognizable important events
whose record is preserved in the rocks. He finds the year as inadequate a unit
of measurement as a yardstick would be to an astronomer in measuring
interplanetary space. The events that serve the geologist as time-markers were
unequally spaced, and so his recognized periods are not of equal length. The
geologic time table, then, is not a statistically ruled scale of equal intervals,
but simply a succession of events that introduced notable changes.

The most important division point in geologic time is the one that
separates the Cambrian and later periods from the pre-Cambrian. The records
in the rocks of the periods following this division point are fairly clear, and the
sequence of events is, in its larger phases, fairly well understood. But in the
time preceding the Cambrian, comprising considerably more than half of
known geologic time, there is evidence of so much alteration, of such
profound modification of original characteristics of rocks, of such extensive
reworking by igneous agencies deep in the earth, and of such tremendous
destruction by erosion, that parts of the record of that time are lost in obscurity
and must remain for the present at least matters of supposition and inference.

PRE-CAMBRIAN ERAS

During pre-Cambrian time the region that is now New Mexico was the
site of extensive sedimentary deposition. Most of the pre-Cambrian
sedimentary rocks have been modified by the action of solutions, heat and
pressure, and consist now of
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quartzites and schists. Nowhere is this series exposed to its base, so there is no
information available as to the foundation on which the earliest pre-Cambrian
sediments were laid. There is evidence that these rocks were buried miles deep
by other sediments, and they were intruded by great quantities of granite, which
changed the characteristics of the sedimentary rocks. At the time of the granite
intrusions or later, some of the older rocks were cut by dikes of pegmatite in
which certain minerals, notably mica, were concentrated. Following this activity
the processes of erosion stripped off miles of covering rocks, the record of
which is completely lost, and exposed near the beginning of Paleozoic time a
relatively flat, featureless surface consisting of metamorphosed sediments,
granites, pegmatites and schists. This profound erosion has exposed for
exploitation the deposits of mica, kyanite, lepidolite and associated pegmatitic
minerals that have made an important contribution to the non-metallic
production of the State.

Present exposures of pre-Cambrian rocks occupy only about 3 per cent of
the area of the State; rocks of this age are covered by younger rocks in other
places. The larger pre-Cambrian areas are the ones north of Taos, a southern
extension of the Colorado Rockies, and in further extension the Truchas and
Rincon ranges which extend a few miles south of the latitude of Santa Fe. An-
other exposure begins at Ojo Caliente and extends, with some breaks, 30 miles
to the north and northwest. The isolated mass near Picuris is of the same type,
as is probably also the larger though less mountainous Pedernal area in central
Torrance County. Large cores of pre-Cambrian rock are exposed in the Zuni
and Burro mountains, and smaller cores are exposed in the Ladrones and the
Magdalena mountains. In the Sandia and Manzano ranges the west front
presents a pre-Cambrian strip that extends unbroken for more than a hundred
miles. The east front of the San Andres range shows a similar strip of greater
total length, but interrupted in places. There are other northward-trending strips,
but of smaller dimensions, in the Nacimiento, Oscura, Mimbres, Fra Cristobal
and Sierra Caballos ranges and in the Franklin Mountains a few miles over the
Texas line. There are several smaller isolated exposures in Socorro County on
both sides of the Rio Grande.

The larger areas described represent part of the old pre-Cambrian
basement, not greatly modified since. The long and relatively narrow strips are
exposed as a result of faulting, which has brought these basement rocks up
above the adjacent younger sediments.

PALEOZOIC ERA

In the Paleozoic era New Mexico was the site of extensive sedimentary
deposition. During the early part of the Paleozoic the southern half of the State
was submerged by the wide strait
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that connected the sea occupying the Mississippi Valley with the one extending
from the Arctic down the present course of the western Cordillera. In later
Paleozoic time the whole area of New Mexico was submerged, except for some
islands in the northern part. In latest Paleozoic time all of New Mexico had
emerged, excepting the southeast corner; this was in the lowest part of the basin,
extending into Texas, Oklahoma and Kansas, which was connected with the
ocean by a narrow strait. In this basin there accumulated, due to the evaporation
of enormous quantities of sea water, what may prove to be the greatest saline
deposits in North America. The rocks of this era show here no evidence of
vulcanism during Paleozoic time, nor of deformation more violent than
oscillations of the level of the coast line.

CAMBRIAN PERIOD

There is no record of deposition of sediments in New Mexico during early
and middle Cambrian time. In the late Cambrian the sea encroached from the
south and covered about the southern half of the State. In this sea were
deposited sands, which were formed in part by a sorting out of the finer material
from the waste that covered the land and in part from the material that was
brought in by streams from the north. The gradual northward advance of this
sea allowed much more time for deposition in the southern part of the state, and
so this sand, now consolidated and known as the Bliss sandstone, forms a rock
layer as much as 300 feet thick in the Franklin mountains, tapering gradually to
only 6 feet thick in the northern San Andres Mountains and not observed farther
north. This sandstone probably underlies the whole southern part of the State,
but it is exposed only in the mountain ranges, where faulting and erosion have
brought it to the surface. It is best shown in the San Andres Mountains, Cooks
Peak, Mimbres and Florida Mountains, and in the region near Silver City.

As would be expected in a gradually deepening sea, the lower portion of
this Bliss sandstone is coarser and harder, in some places now almost quartzitic,
while the upper portions are finer and softer and in places contain considerable
glauconite. Hummel' has shown that this mineral, a silicate of iron and
potassium, is being deposited at present near places where warm and cold
marine currents come together. Such conditions would seem quite probable in
the strait that, passing across southern New Mexico, connected the two
embayments, one from the Arctic and the other from the Gulf of Mexico. Some
sands containing abundant glauconite, in New Jersey, have been utilized as a
source of potash, and some have been used directly as fertilizer. The upper
portion of the Bliss sandstone, containing the green

! Hummel, K., Die Entstehung eisenreicher Gesteine durch Halmyrolyse:
Geologische Rundschau, Vol. 13 (1922); reviewed in Economic Geology, 18:6, p. 612 (Sept.,
1923).
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glauconite, has not yet been utilized for either of these purposes. Except for the
upper greenish part, the Bliss sandstone is prevailingly colored in tints of
brown.

ORDOVICIAN PERIOD

There is no marked break in New Mexico between the Upper Cambrian
and Lower Ordovician deposits, but there was a gradual change in conditions of
deposition. Apparently the waters of the early Paleozoic sea became warmer
and less disturbed, and there was a definite decrease in the amount of sediments
brought into them. These conditions were favorable for the development of
marine animals, particularly shell-bearing types, which were so abundant in
some seas of Ordovician time that their shells accumulated to form great
thicknesses of fossiliferous limestones. The Lower Ordovician rock in southern
New Mexico is known as the El Paso limestone. In its lower part it is sandy,
grading down into the Bliss, but above that impure basal layer it is a pure light-
gray somewhat magnesian limestone, in which fossils are moderately abundant.
In places it is as much as 800 feet thick.

During Middle Ordovician time the sea retreated, and the top of the El
Paso limestone was channeled by streams and otherwise modified by erosion.
Another submergence followed, and the overlying formation, known as the
Montoya limestone, was deposited in Upper Ordovician time. The encroaching
sea during this time was not a strait but a bulbous bay extending eastward from
the Pacific and reaching well into Texas and southward into Mexico. In its
lower portion the Montoya formation consists of massive dark-colored
limestone, overlain by a slabby member containing much chert. The limestone
iS magnesian in part.

The distribution of the Ordovician rocks is essentially the same as that
described for the Cambrian; likewise, the Ordovician has its maximum
thickness of 1200 feet toward the south and thins out toward the north,
disappearing completely in the central part of the State. The most northerly
exposure of the Ordovician, as of the succeeding Silurian and Devonian. is in
the southern end of the Oscura Mountains.

SILURIAN PERIOD

During most of Silurian time, New Mexico stood entirely out of water, but
during the middle part of the period another encroachment of the sea from the
west covered much of the southern part of the State. In this sea was deposited
the Fusselman limestone, which lies directly on the Montoya wherever it is
exposed and has as its basal member in places a conglomerate containing
Montoya pebbles. This conglomerate, indicating an erosion interval, together
with fossil evidence, justifies the statement that the Silurian deposition in this
territory occurred only



26 NON-METALLIC MINERAL RESOURCES OF NEW MEXICO

during the middle portion of the period. A similar erosion interval recorded on
the upper surface marks the break between the Fusselman limestone and the
overlying Percha (Devonian) shale. The Fusselman limestone thins to the north
and also to the east, and it is absent from the Franklin and Florida Mountains,
which show some of the best exposures of earlier Paleozoic rocks. The
thickness in the San Andres Mountains is as much as 220 feet. In places some
of the calcium of the limestone is replaced by magnesium.

DEVONIAN PERIOD

The great Lower Paleozoic limestone series was interrupted by the
deposition in Devonian time of a rock of totally different character, known as
the Percha shale. This is distributed about as described for the earlier Paleozoic
rocks, except that it is absent, like the Fusselman, from the Franklin and Florida
Mountains and also from the small Victorio Mountains. Exposures are not
sufficient to justify a definite statement as to whether the Silurian and Devonian
rocks were never deposited in these areas, or whether the Fusselman and Percha
formations were eroded completely before the more extensive later Paleozoic
deposits were laid down.

Through most of its thickness the Percha formation consists of black and
green shale, quite unlike any earlier member of the Paleozoic series. Its elastic
character, as compared with the non-fragmental character of the Ordovician and
Silurian rocks, suggests that during the whole time since the deposition of the
Bliss sandstone the lands bordering the sea in New Mexico were lowlands,
subject to deep weathering but with little erosion or transportation, permitting
the accumulation of a thick soil. It appears also that the flooding during
Devonian time must have been accompanied by an uplift of a portion of the
shore, rejuvenating the streams and permitting this soil to be stripped off rapidly
and deposited as a fine carbonaceous mud. The upper portion of the Percha
contains some thin beds of limestone, suggesting the clearing of the sea when
the abundant mud supply was exhausted, and a return to conditions favorable
for marine life.

The deposition of the Percha shale marks the latest sedimentation that was
restricted to the southern part of New Mexico. The next submergence extended
farther north and culminated in a flooding of practically the whole State.

MISSISSIPPIAN PERIOD

The stratigraphic break between the underlying Percha shale and the
overlying limestone of Mississippian age is not a sharp one. At one of its best
exposures, at Lake Valley, the Mississippian rock, named the Lake Valley
limestone from its type occurrence at this place, lies directly on the Percha
shale, whose lime-bearing top member suggests a gradation upward into the
Mis-
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sissippian. If the Percha shale emerged at all, it was left as an extensive low-
lying mud flat. It shows little or no evidence of erosion before being covered by
the calcareous sediments of the Lake Valley limestone.

The waters that covered the land during early Mississippian time extended
some 60 miles farther north than had any previous Paleozoic flood, as
evidenced by the fact that the Lake Valley limestone occurs in the Magdalena
and Ladrones Mountains. In these mountains it lies directly on the pre-
Cambrian rocks, which apparently stood out of water during all the preceding
Paleozoic periods. Farther south, as stated, the distribution of the Lake Valley
limestone is essentially the same as that of the Percha shale.

At Kelly, in the Magdalena Mountains, the Mississippian limestone, which
lies directly on the pre-Cambrian greenstone, was formerly known as the Kelly
limestone. Since its definite correlation with the Lake Valley limestone has
been established, it seems preferable to discontinue the use of the local term.

The Lake Valley formation is not uniform throughout. It includes a
compact cherty limestone which may represent a transition to the Devonian, and
a thin, coarsely crystallized light-yellow member, overlaid by blue limestones
with included beds of shale. Its top is evidently an eroded surface, so the
extreme upper members may be lost. In the Silver City district it is as much as
?50 feet thick, and at Lake Valley and Kelly its thickness is from 100 to 200

eet.

While there is reason to believe that the Paleozoic formations already
described underlie the greater part of the southern half of New Mexico, the
surface exposures are limited to the mountainous tracts in the Southwest Area
and the southern half of the Median Area ; within that territory less than 1 per
cent of the surface shows Paleozoic rocks earlier than Pennsylvanian.

PENNSYLVANIAN PERIOD

Following the emergence which, in late Mississippian time, exposed the
top of the Lake Valley