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ABSTRACT

Pikes Peak iron deposit occupies an extensive zone 
in regionally metamorphosed rocks of the older PreCambrian 
Alder group of the Yavapai series. It is comprised of 
elongated and conspicuously banded lenticular bodies strik
ing N60E and dipping 70° NW, in general conformance with 
the schistosity and bedding of the local country rocks. 
Having an estimated potential reserve of 100 million tons 
at an indicated grade of 30 percent iron, the deposit 
consists largely of black specular hematite and some admixed 
magnetite in fine-grained quartz.

Detailed ground magnetometer surveys and appli
cation of the methods of rock magnetism to the study of ,
170 oriented specimens have demonstrated that both the iron 
mineralization and the country rocks of the Pikes Peak 
deposit have magnetic properties which, though highly vari
able, are related to regional and local geologic structures. 
Results of 14 magnetic profiles, each extending 1600 feet 
across the deposit, show the vertical intensity gradient 
to rise slowly in approaching the mineralized zone from 
the southeast, change sharply within short linear distances 
over the deposit, and smooth out on the northwest flank at 
a somewhat higher level than on the opposite side.
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Anomalies of vertical magnetic intensity as great as 
38,860 gammas generally trend along the strike of the de
posit. A transverse trend in these anomalies, recognized 
over the iron mineralization next to an andesite porphyry 
dike intersecting the deposit, is attributed to alteration 
of the magnetic properties by the intrusion. Within the 
schistose country rocks, there is evidence to suggest a 
magnetic susceptibility anistropy related to the plane of 
foliation.

Magnetic susceptibilities within specimens of 
iron mineralization range from 7 to 4,l80 x 10”  ̂emu/cc 
and average 792 x lO”5 emu/cc. There is a general de
crease in susceptibility from southwest to northeast 
along the deposit. The average intensity of induced mag
netism was found to be 419 x 1 0 emu/cc. Exhibiting in
tensities of remanent magnetism between 4 and 43,667 
emu/cc, the ore specimens average 2,792 x 10~5 emu/cc for 
this property. The directions of remanent magnetism in 
ore specimens show considerable dispersion, but declinations 
fall into two definite groups which are nearly 180° apart 
and roughly parallel the length of the deposit. About two- 
thirds of these specimens have their remanent magnetism 
directed downward. Most ore specimens taken near the dike
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have their remanent magnetism directed upward and drawn 
somewhat parallel to its strike. A certain stability.is 
indicated for the remanent magnetism inasmuch as its 
direction in the vast majority of specimens is markedly 
different from that of the present geomagnetic field.

The ratio of remanent to induced magnetism in the 
ore specimens varies from 0.04 to 220.25 and averages , 
11.17; values increase roughly in going northeast along 
the deposit. Comparison of the magnetic susceptibility, 
remanent magnetism and specific gravity of specimens . 
indicates that those properties generally increase in 
magnitude with one another. However^ for any set value of 
one property there is a wide range in magnitude exhibited 
by the others, and no steadfast relationship is evident.
No distinguishable difference is noted in the suscepti
bility, ratio of remanent to induced magnetism or specific 
gravity,of specimens when differentiated on the basis of 
whether their remanent magnetism is inclined upward or. 
downward. ; .. . . ; - .

Information obtained by paleomagnetic analysis; 
indicates that the remanent magnetism presently exhibited 
by the Pikes Peak deposit was largely acquired near the 
end of the older Precambrian, prior to deposition or
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induration of rocks of the Grand Canyon system. The recog 
nized dispersion in the directions of remanent magnetism 
is considered to be due in part to pressure induced com
ponents caused by the northwest directed compressional 
forces active during the Mazatzal revolution. ‘ A late 
Cambrian date for intrusion of the andesite* porphyry is 
suggested by the virtual geomagnetic* pole" obtained from 
specimens collected adjacent to the dike. *This_ pole] not 
only plots on the established polar wandering path based 
on American rocks, but its polarity is consistent with 
that obtained for almost all rocks of late Cambrian "or 
early Ordovician age which have undergone paleomagnetic 
investigation. .......... .

A definite correlation is shown between the gross 
magnetic effects as measured in the field with a vertical 
intensity magnetometer and the magnetic properties as 
measured in specimens from the same area by laboratory 
methods. Such correlated measurements, coupled with the 
high average ratio of remanent to induced magnetism 
existing within the ore mineralization, provide the basis 
for concluding that the gross magnetism over the Pikes 
Peak deposit is largely controlled by the direction and 
intensity of the remanent' component of "magnetization.
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INTRODUCTION 

General Statement

This study of the Pikes Peak iron deposit is an 
initial step in a long-range research program on the mag
netic properties of iron deposits planned by the Rock Mag
netics Laboratory of the University of Arizona. Under the 
auspices of the Department of Geology and the direction of 
Dr. R. L. DuBois, the Laboratory presently provides apparata 
for' studying those phases of rock magnetism reported here. 
With future expansion, it is expected that a major portion 
of-the work"carried on will deal with different represen
tative types of iron deposits. Development of equipment 
to facilitate demagnetization experiments, organization 
of petrographic and analytical chemistry sections, and 
administration of a specimen library will make greater 
refinement possible in later studies and will allow supple
mental work on deposits treated earlier in the series. 
Efforts concerned with individual iron occurrences will be 
handled in graduate theses and dissertations and reports 
published in professional journals. The final goal, how
ever, is a comprehensive work on the magnetic properties
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of iron deposits. It was with this goal in mind, and with 
an earnest desire to see the Laboratory grow and gain stat
ure through its accomplishment, that this beginning study 
was carried on.

Purpose of Investigation

Pikes Peak iron deposit, in north-central Maricopa 
County, Arizona, is comprised of steeply dipping, elongated, 
lenticular bodies which occupy an extensive zone in schis
tose rocks of the older PreCambrian Alder group of the 
Yavapai series. The mineralization constituting these con
spicuously-banded bodies is made up of fine-grained quartz 
of various colors alternating with fine-grained specular 
hematite having some admixed magnetite. Foliated muscovite 
layers, with varying amounts of chlorite and plentiful 
quartz, are intercalated with the iron-rich bands and 
increase in abundance about the periphery of the bodies, 
ultimately forming the barren country rock. Farnam and 
Havens (1957) described the property and estimated the 
potential reserves to be about 100 million tons with an 
indicated grade of around 30 percent iron.

In general, the object of this work was to study 
the magnetic properties of a deposit of this type, to re
late these properties to the geology and ore occurrence, 
and to determine the relationships between the different



3
components contributing to the gross magnetism. Evaluation 
of the remanent magnetism of the deposit, in light of modern 
paleomagnetic hypotheses, was also an object of interest.

Specifically, field and laboratory procedures were 
planned and carried out to accomplish the following pur
poses: .

(1) Determine the geology of the area to a. de
gree adequate for its description in a study such as this.

(2) Apply the methods of rock magnetism in stud
ying the areal distribution of such measured parameters as 
the magnitude of magnetic susceptibility and the vectorial 
qualities of the Induced, remanent and total magnetism, 
both within and adjacent to the deposit.

(3) . Differentiate among the magnetic properties 
of the iron mineralization in general, mineralized areas 
affected.by intrusion and faulting, and the country rock.

(4) Relate the geology and known extent or iron 
mineralization in the area to its gross magnetic aspects 
as determined by a vertical intensity ground magnetometer 

survey*
(5) Determine the detailed nature of the magnetic 

field associated directly with the iron occurrence and 
delineate the complexity of such a field.

(6) Test the stability of the remanent magnetism 
of collected specimens„and investigate the possibility of



there being some physical or geological difference, involved 
in the case of those showing reversed magnetism.

(7) Define the relationship of measured induced 
and remanent magnetic components in the various groups of 
specimens to their total magnetism.

(8) Compare the magnetic properties of specimens 
to their mineral composition as inferred by specific 
gravity.

(9) Utilize paleomagnetic methods in attempting 
to date the deposit and related geologic structures, or 
to determine their history of origin and magnetization.

(10) Provide data relating the gross magnetism 
of a part of the deposit to the measured magnetic proper
ties of specimens on an areal basis and thus show three- 
dimensionally the contribution of remanent and induced 
fractions.

4

Location and Extent of Area

Situated in the Hieroglyphic Mountains, in the 
extreme north-central portion of Maricopa County (12°26,W, 
33°48'N), Pikes Peak iron deposit is only 37 miles north
west of Phoenix (Plate 1). This is 7 miles west of Lake 
Pleasant, in the Pikes Peak (Morgan City) mining district 
as shown on the map of Wilson, 0 ‘Haire and McCrory 
(1961). The iron occurrence,_ crossing the boundary



PLATE I 5

R.2 W. R.1E.R.1W.

SOUTHERNMOST- 
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IRON CLAIMS
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TO PHOENIX

MI LES
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between T. 6 N., R. 1 W. and- T. 6 N., R. 2iW. ji extends 
more than 3 miles along a line bearing N60E and Is - 
covered by a group of well-marked mining claims. The 
main route into the area leaves U. S. Highway 60 on the 
north side of Beardsley Canal, some 2.5 miles northwest 
of the village of Beardsley, and passes 12 miles due north 
over an unimproved road before reaching the claims. The 
area treated is 3900 feet in length, 1600 feet wide, and 
is centrally located along the iron deposit. It contains 
143.3 acres, covers the greater part of 9 claims in the 
existing group, and lies almost entirely inside S^SWy 
sec. 18, T. 6 N., R. 1 W. Within the main area is a 
small- one, 5 feet by 5 feet, handled independently for 
purposes which will become apparent.

Method of Investigation

In carrying but this study, 21 days were devoted 
to field work. A reconnaissance of the area was made on 
February 11, 1962. Throughout the period from February 
23 to March 11, 1962, effort was concentrated on the main 
area. Supplementary work, concerned primarily with the 
small area, was done on May 18, 19» and 20, 1962.

Fourteen traverse lines were first laid out over 
the main area with a plane table and alidade. Small
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monuments were built and labeled at chained intervals of 
50 feet along the lines. These monuments allowed fast 
and accurate control of mapping points, magnetometer 
stations and specimen locations, using only a cloth tape.

After mapping the iron exposures, a ground magne
tometer survey was made. The instrument used was an 
exceptionally portable, vertical intensity, fluxgate type, 
having a range of 5 gauss and a maximum sensitivity of 10 
gammas per scale division.

Oriented specimens were collected from along the 
traverse lines and elsewhere, using a sun compass for 
strike determinations and an inclinometer for dip measure
ments. Sun shots, made off the deposit, were taken with a 
Brunton compass.

Measurements of remanent magnetism were made with 
the astatic magnetometer shown in Plate 2, Fig. 1, using 
the methods of Collinson, Greer, Irving and Runcorn 
(1957)• The instrument has an operating sensitivity of 
6 x 10""8 gauss. Nagata (1961) explains the principles of 
such a magnetometer, and Kothavala (1959) describes the 
particular instrument used in some detail, though it has 
since undergone modification. A small core, having its 
original field orientation preserved, was prepared from 
each specimen for measurement of the remanent magnetism



PLATE 2

Figure 1
Astatic magnetometer inside Helmholtz coils. 

Balanced opposing magnets are separated by a rod sus
pended in Plexiglas tube at center. A small mirror on 
the suspension reflects light back onto calibration 
scale when the suspension is in rest position. The 
Helmholtz coils impose a field effectively nullifying 
that of the earth, thus increasing sensitivity of the 
astatic suspension. A slightly unbalanced horizontal 
component brings the suspension to zero. Control 
panel adjusts current through small coils (on suspension 
tube) used in measuring specimen intensity. Average 
diameter of these coils is 5 feet 6 inches.

Figure 2
Oriented specimens taken from iron deposit. 

Markings on each specimen give its number, top surface, 
and strike and dip of the surface as it existed in 
situ within the deposit. Plexiglas cubes at right are 
specimen holders which fit carriage that is raised into 
position beneath magnetometer suspension (Fig. 1, above). 
Only 124 of the 170 specimens having their remanent mag
netization measured for this report are shown. Scale 
in right foreground measures 30 centimeters.
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(Plate 2, Fig. 2). Values of specific gravity were ob
tained by determining the mass of each core on a labora
tory balance and dividing by its calculated volume. 
Magnetic susceptibility measurements were made with a 
bridge-type instrument using a field strength of approxi
mately 50,000 gammas. A sample of each specimen was 
crushed to minus one-quarter inch plus one-eighth inch 
in size for this purpose. An IBM 650 computer was 
programmed to facilitate the calculations involving 
vectorial quantities and allowed such data to be given a 
variety of treatment.

Previous Work •

Major contributions to present knowledge of the 
geology and mineralization in the metamorphosed region 
around Pikes Peak iron deposit have been made by Jagger 
and Palaehe (1905), Lindgren (1926), Wilson (1939) and 
Anderson (1951). In the U. S. Bureau of Mines Report of 
Investigation 5319* Farnam and Havens (1957) treat the 
iron occurrence at Pikes Peak as their principal subject. 
The most pertinent up-to-date work is that of Anderson . 
and Creasey (1958), dealing with the geology and ore 
deposits of the Jerome area, more than 40 miles to the 
north.

The classic work of Nagata (1961) is a basic
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reference in any study of rock magnetics. Contributions 
made by P. M. S. Blackett (1952, 1956 and 1962) in 
analyzing and delineating the many philosophical aspects 
of the subject are legion. Observations made by Collin 
son and Runcorn (i960) provide the basis for paleomagnetic 
dating as attempted herein. Through an exhaustive study 
of the literature on rock magnetism, Cox and Doell (i960) 
have furnished an excellent summary article.

Concerned with problems important to their indi
vidual scientific disciplines, Neel (1955), Nlcholls 
(1955) and Graham (1956) respectively, have given valuable 
treatment to.theoretical, mineralogical and mechanical 
(magnetostrictive) factors affecting the magnetization of 
rocks. The generation of remanent magnetism In ferro
magnetic minerals by chemical reactions, a phenomenon of 
considerable consequence in this work, is treated by 
Nagata and Kobayashi (1958).

DuBois (1961, 1962) has investigated the magnetic 
properties of a massive hematite body and the limestone 
country rocks in which it exists. His papers are of 
pertinent interest inasmuch as they are similar in method 
and purpose to this one. In still another work, DuBois 
(1963) has studied the gross magnetic effects of a mass 
as a linear problem. Carrying DuBois1 approach one step 
further, this author has treated these effects within a



part of Pikes Peak iron deposit on an areal basis.
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GENERAL DESCRIPTION OF AREA

Physical Features and Climate

Pikes Peak iron deposit is located along,the 
southern flank of the Hieroglyphic Mountains in the 
northern extremity of Arizona’s southwest desert section. 
Flat alluvial plains crossed by a complex network of 
washes lie directly to the south, while some of the most 
rugged terrain in the state is found in the central moun
tain section just to the north. The Wickenburg, Bradshaw 
and New River Mountains, all within 10 to 20 miles, extend 
radially around the area from northwest to northeast, 
respectively. The major natural drainage channel of the 
region is the Aqua Fria River. It intermittently flows 
southward across the desert,plain from Lake Pleasant, 7 
miles to the east, where its headwaters are contained by 
Carl Pleasant Dam.

Within the immediate vicinity of the deposit, 
elevations range between 2,100 and 2,800 feet. Intimately 
associated with silica, the iron mineralization is highly 
resistant and controls the moderately rugged topography.

13



Long, narrow, parallel ridges have been formed by differ
ential weathering and erosion throughout the length of the 
deposit. The main area taken under study, shown in the 
panorama of Plate 3, exemplifies the surface expression. 
Along these ridges, continuity is broken where the miner
alization thins or is offset by minor faulting. This 
results in a number of individual peaks, some more than 
600 feet high, which show the prolonged, large scaled 
layered structure of the deposit parallel to its strike 
(Plate 4, Fig. 1). At a few locations, where narrow dikes 
cut almost perpendicularly across the iron-rich zones, 
depressions have been eroded and partially filled with 
alluvium (Plate 4, Fig. 2).

The climate of the region is semiarid. Mean 
annual precipitation, as measured over a 19 year period 
at Wittmann, 8.7 miles to the southwest, is 9.48 inches 
(Sellers, i960). Most of this comes from afternoon showers 
and thunderstorms during July and August. The average 
daily maximum and minimum temperatures are 84° and 54°, 
while the record high and low are 117° and 16°. In 
general, afternoon temperatures in the eighties and above 
are common, though cold air off the mountains to the north 
may occasionally bring early morning temperatures below 
freezing.

The sparse vegetation of the region consists

14



PLATE 3

Panorama of area taken under study. View north
east from southernmost corner of main area. Nearly one 
half the entire portion of Pikes Peak iron deposit covered 
in this report is shown. The remaining half slopes away 
to the northwest, beyond skyline. Iron mineralization is 
seen along the crests and exposed in a parallel pattern 
extending from left (southwest) to right (northeast) 
through center. Saguaro, ocotillo and mesquite cover 
the barren schist throughout foreground. Maximum relief 
is on the order of 600 feet and the view reaches some 
3600 feet into the distance at right.
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largely of creosote bush, mesqulte, and prickly pear, 
cholla, ocotilla, and saguaro cacti. Palo verde and Iron- 
wood trees are common along the washes.

Regional Geology

Pikes Peak is in an expanse of steeply dipping 
older Precambrian schistose rocks outcropping in the 
southern part of the Hieroglyphic Mountains. Long recog
nized as equivalent to the Vishnu schist of the Grand 
Canyon, these rocks were originally known as the Yavapai 
schist (Jagger and Palache, 1905; Lindgren, 1926). Though 
locally covered on the south by alluvium and on the north 
by volcanic rocks, they are part of an extensive schist 
belt exposed northward to the Colorado Plateau (Anderson, 
1951).

Wilson (1939) divided the Yavapai schist into 
three units of the Yavapai group. These units were the 
Yaeger greenstone. Red Rock rhyolite and Alder series, in 
ascending order. An altered version of his usage is 
adopted on the current geologic map of Arizona. It is 
the Alder series that comprises the older Precambrian 
"schist" shown in the Hieroglyphic Mountains on the Mari
copa County sheet (Wilson, Moore, and Peirce, 1957).

After exhaustive study in the Jerome area,
Anderson and Creasey (1958) modified the Alder series.



PLATE 4

Figure 1
View down strike of Pikes Peak iron deposit. 

Looking north-northeast toward peak situated in 
center of main area. Subtle differences in color 
and relief serve to distinguish the steeply dipping 
bodies of iron-formation from iron-stained schist 
with which it is intercalated. Note Bradshaw Moun
tains, masked by haze, on distant horizon.

Figure 2
Dike of andesite porphyry cutting iron 

deposit. Weathering and erosion of the less resis
tant dike has resulted in a shallow depression and 
cover of residual soil, leaving no surface exposure. 
Several small dikes and irregular masses of andesite 
porphyry invade the area locally. View south toward 
southwestern contact of dike located in main area.
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Figure 1

Figure 2
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On each side of the Shylock fault, a north trending struc
ture of major proportions, they recognized a different 
assemblage of rocks. Those on the west they called the- 
Alder group of the Yavapai series. According to them, the 
Alder group correlates with Wilson's Alder series and is 
from 20,000 to 30,000 feet thick. They described six 
formations in the group, each having two or more litho
logic subdivisions. Except for a single slate unit in 
one of the formations, all have a volcanic source; their 
composition ranges from rhyolitic to basaltic. These 
rocks were originally composed of lava flows, pyroclastics 
and reworked volcanic debris interbedded with minor 
amounts of erosional products. Evidence of their deposi
tions! environment is lacking. They have undergone 
intrusion and tectonic activity resulting in mild to 
intermediate metamorphism.

Though three periods of deformation are discerni
ble within the Alder group (Anderson and Creasey, 1958), 
the main structural event was the Mazatzal revolution 
(Wilson, 1939)♦ Marking the.end of the older PreCambrian 
throughout the region, this revolution involved intense 
compressive forces acting in a northwest direction. It 
culminated in the intrusion of batholithic masses of 
granite. The pronounced foliation and northeast trending



19
isoclinal folds of the schist belt were formed at this 
time. As a result of the Mazatzal revolution, the region 
was supposedly left as part of a major landmass through
out the younger Precambrian and most of the Paleozoic 
(Stoyanov, 1942). Faulting occurred during the main 
upheaval and again in three later periods. The younger 
rocks of the region consist largely of unaltered Creta
ceous and Cenozoic lavas, tuffs and agglomerates.

Local Geology and Description of Iron Deposit

The Alder group, then, of the Yavapai series, 
extends in outcrop along the west side of the Shylock 
fault, southward astraddle the massive coarse granite of 
the Bradshaw Mountains, and into the area of Pikes Peak 
iron deposit. In the vicinity of the deposit, phyllites, 
schists, and slaty rocks of the Alder group are exposed in 
truncated isoclinal folds over a tract 18 miles wide. With 
a schistosity parallel to the bedding where evidenced, they 
extend for 5 miles along their strike to the northeast and 
dip almost vertically. Arranged in parallel, the recurring 
lenticular bodies comprising the iron deposit lie almost 
in the middle of this broad exposure. Plate 5 shows the 
surface extent of the iron occurrence and indicates the 
centrally located part treated as the main area of this 
report. Individually, the mineralized bodies are as much
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as 5,000 feet long and 300 feet wide. A zone more than 
2,000 feet in width is formed where several are abreast. 
Conforming to the schistosity of the country rocks, these 
elongated lenses together strike N60E for more than 3 
miles and dip between 70° and 80° to the northwest.

Covering the broadest part of the deposit as 
indicated by Farnam and Havens (1957), the main area is 
symmetrically positioned along the prominent ridges formed 
by the elongated bodies of iron mineralization (Plate 6, 
in pocket). In the southwestern half of the area, the 
mineralized zone is displaced by a minor fault. Striking 
perpendicular to the trend of the deposit, the fault trace 
is deeply eroded and covered by alluvium. Beyond this 
fault to the southwest, an andesite porphyry dike about 
70 feet thick strikes N37W across the iron deposit, dipping 
40° NW. Several smaller dikes and irregular masses of 
andesite porphyry, all with the same general trend, occur 
locally. Being poorly exposed, their extent is not 
evident.

Along the edges of the main area, grey, brown, and 
maroon, hematite-stained chlorite and muscovite rocks of 
the greenschist facies form a rough, irregular, undulating 
terrain (Plate 7, Fig. 1). In the west corner, light 
brown, fine-grained quartzite lenses form long, narrow, 
parallel ribs which stand in moderate relief above the



PLATE 7 

Figure 1
Steeply dipping Precambrian schist adjacent 

to mineralized zones. Though showing a somewhat 
greater development of slaty cleavage than is average 
locally, this exposure is otherwise typical of the 
terrain along the north side of the iron deposit. 
Looking northeast.

Figure 2
Effect of creep on dip of surface exposures. 

Downslope, bending has altered the dip angle of 
schistose beds in proximity to this location by as 
much as 85 degrees, while changing its direction. 
Some of the slabby portions of iron mineralization 
are likewise effected, although not to this extreme. 
View east-northeast at side of development shaft 
located in northern half of area.
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less resistant rocks. Near the center, the elevation 
increases rapidly and tne effect of downslope creep 
is marked (Plate 7, Fig. 2). Even in slabby portions of 
the iron deposit dip angles have been altered by creep.

At many places next to the mineralized zone, the 
country rocks have weathered to loose, flaky aggregates 
of shiny, light grey sericite. Minute grains of magne
tite, a widespread accessory mineral in the area, have 
altered to limonite and formed rusty streaks and patches 
in these scaly rocks. Elsewhere, more compact varieties 
have been coated with dark brown to black iron-manganese 
stain. Except when freshly broken, these barren rocks 
look identical to the siliceous iron mineralization and 
exaggerate its true extent.

The contacts between the iron-rich bodies and 
country rocks are often gradational (Plate 8, Fig. 1).
Layers of iron oxides and quartz extend outward into the 
schists as discontinuous, parallel bands, thinning and 
becoming less frequent until they disappear. Within the 
deposit, iron oxide and silica phases form individual 
parallel strands as much as several feet thick. Gener
ally, however, these components are in narrow, alternating 
bands interlayered with greater or lesser seams of mica 
schist (Plate 8, Fig. 2). The schistose seams disinte
grate to leave small slabs of siliceous iron mineralization.



PLATE 8

Figure 1
Contact of iron mineralization with country 

rock. Note schistose structure of iron-rich rock 
and lack of sharply defined walls at contact. Thin 
veinlets or layers of iron oxides extend out into 
otherwise barren schist, decreasing in thickness and 
frequency until disappearing altogether. Iron- 
manganese stain often makes it impossible to dis
tinguish bands of silica and muscovite from those of 
ore minerals except on a freshly broken surface.

Figure 2
Hand specimens showing parallel structure in 

iron mineralization. Well defined black bands and 
streaks are fine-grained specularite with some magne
tite. The white layers and patches are micro- 
crystalline quartz. Areas of light- to dark-brown 
consist of iron-stained muscovite or extremely fine
grained iron minerals dispersed in various proportions 
throughout chert. Red hematite occurs as tiny anasto
mosing veinlets cutting across the predominate structures
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disjointed by fracturing, standing in short parallel rows 
over parts of the deposit.

Consisting chiefly of black hematite, some admixed 
magnetite, and minor limonite, the iron mineralization is 
intimately associated with fine-grained to microcrystalline 
quartz. While forming over a wide scale the alternating 
banded structures mentioned above, hematite and quartz are 
intermixed in all proportions through many of the seams.

In the iron-rich bands, the hematite is most 
commonly a black to steel grey, only slightly platy, 
specular variety. Where disseminated through predominant 
quartz, it is often in minute, irregular, red to black 
grains, circled by cloudy red halos, or in small, euhedral 
octohedrons of martite, the variety of hematite pseudo- 
morphous after magnetite. As the red, earthy variety, 
it fills delicate, anastomosing veinlets. Some residual 
magnetite, only partially oxidized to hematite, is pre
sent. Yellow to brown limonite fills veinlets and small, 
irregular cavities in the hematite. Pyrolusite is pre
sent in minute grains. Quartz, as mentioned with some 
feldspar and muscovite, are the principal gangue minerals. 
Accessory apatite exists in the iron-rich bands.

A composite sample from throughout the Pikes 
Peak iron deposit is reported by Parnam and Havens (1957, 
p. 24) to show the following percentages of chemical
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constituents: Fe, 31.2; Mn, 2.8; SlOg, 36.4; AI2O3, 4.1;
CaO, 1.1; P, 0.13; and S, 0.0$. According to them/ 
neither chemical analysis nor microscopic examination 
could distinguish a difference between surface and under
ground samples. By assuming the major bodies of iron 
mineralization to extend 400 feet in vertical depth, they 
conclude the entire deposit to have a potential reserve of 
100 million tons at an indicated grade of 30 percent iron 
(1957, P. 23).

Jagger and Palache (1905, p. 11), Lindgren (1926, 
p. 35), and Anderson and Creasey (1958, p. 19) all mention 
the existence, within the region, of iron deposits similar 
in structure and extent to that of Pikes Peak. These de
posits are described by the various authors as comprised 
of ferruginous schists or quartzites, banded magnetites 
or jasper-magnetite beds; fairly consistently,magnetite 
(FeFegOij.) is stated to be the principal iron mineral. At 
Pikes Peak, hematite (FegOg) is definitely the major iron 
constituent. The existence of residual magnetite in the 
Pikes Peak deposit (Farnam and Havens, 1957) and, in most 
cases, minor hematite in the iron occurrences elsewhere in . 
the region, indicates a possible genetic relationship. At 
least some of the other deposits, however, are not in the 
rocks of the Alder group (Anderson and Creasey, 1958, p. 19).
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Discussing regionally metamorphosed sedimentary iron 

ore deposits, Lindgren (1933, p. 311) refers to hematite 
bearing occurrences in the Precambrian of central Arizona.
The banded quartz-hematite (magnetite) ores as described 
by him (1933, p. 294) are nearly identical to the iron min
eralization at Pikes Peak. James (1954, p. 258), in a 
section devoted to the oxide facies of sedimentary iron 
formation, describes hematite-banded rocks quite similar 
to those under study. Any conclusion concerning the 
origin of the Pikes Peak iron deposit would, however, be 
open to question. It may well be a sedimentary deposit in 
which the principal constituents, iron and silica, were 
chemically precipitated in an isolated basin. The primary 
sedimentary ore mineral may have been hematite, or magne
tite (James, 1954, p. 263) which was later altered to 
hematite. Or the deposit may have originated by the meta
morphism of detrital hematite (Gross and Strangway, 1961, 
p. 1349) or magnetite, or some other iron mineral. It 
could represent the metosomatic introduction of iron into 
the axis of an isoclinal fold, or into a porous sediment, 
followed by metamorphism; or possibly the silica was 
introduced into ferruginous schists (Heinrich, 1956, p. 263).



RESULTS OF MAGNETIC MEASUREMENTS 

General Statement

• One of the purposes of this investigation'Was to 
apply-the methods of rock magnetism irr studying the areal 
distribution of the magnetic properties over a part of the 
Pikes Peak iron deposit. To accommodate this purpose, 170 
individual oriented specimens were collected and the origi 
nal location of each is shown on Plate 6.

In an effort to "determine•the detailed and gross 
magnetic effects of specific geologic phenomena, and to 
utilize paleomagnetic methods of dating, the specimens 
were treated both individually'and in a variety of groups. 
Specimen Nos. 1 through 125 were considered a major group 
representing the iron occurrence within the “main area" 
in general. These 125 specimens were divided into 14 
minor groups' collected from Lines 1 through 14, as laid 
out across-the area (Plate 6). Coming from the small area 
between the andesite dike and fault which cut the deposit, 
the 26 specimens numbered 126 through 151 comprise a 
second major group exemplifying the iron mineralization
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effected by intrusion and concentrated tectonic stress. " 
They are broken into 5 minor groups, designated Lines A 
through E, respectively. Constituting a third and un
divided major group, the 19 specimens numbered 152 through 
170 were obtained from the country rocks and are treated 
as typifying the local exposure of "schist.11 Average data 
were calculated for the magnetic properties of each of the 
above groups as well as for combinations of them.

Because the magnetic measurements of specimens 
from Pikes Peak iron deposit are repeatedly referred to 
throughout this work, they have been tabulated and placed 
in the rear as Tables A-l and A-2, following Appendix.

Measurements of Individual Specimens .

Magnetic measurements of the 170 individual 
oriented specimens are presented in Table A-l. The number 
identifying each specimen is in Column 1 of the table. 
Column 2 lists the field location of the specimen by a 
coordinate giving the line number and footage northwest

1: 1 t.'' V'along the line to where it was collected (Plate 6).
Measured values of magnetic susceptibility are in Column 3• 
The induced magnetism of each specimen, as calculated from 
its magnetic susceptibility and knowledge of the earth's 
present magnetic field at the collection site, is given 
in Column 4. Its direction -is taken to be that of the



average field of the earth now existing in the vicinity: 
N14e  and 6o° downward.

Columns 5, 6 and 7 list the values defining the . 
measured remanent magnetization of the specimens. The 
azimuthal declination of the RM from north is given by 
Column 5, while its inclination above (negative) or below 
(positive) the horizon is in Column 6. Tabulated in 
Column 7 is the intensity (or strength) of the RM for each 
specimen. In Column 8 is the ratio of remanent to induced 
magnetism - Qn of Konigsberger (1938) - as determined

• •' ■■ ■ t. ■ i ... . „

from measured and calculated data.
The variables approximately defining the total 

magnetism of each specimen as it existed in place are 
given in Columns 9j 10 and 11. They include the decli
nation and inclination of the TM. and its intensity, 
respectively. These values were derived by vector addi
tion of the components of remanent and induced magnetism 
obtained from each particular specimen in the manner pre 
viously described. Listed in Column 13 is the specific 
gravity of each specimen.

Passing downward through Table A-l, the specimens 
from the mineralized zone of the main area are arranged 
consecutively from southeast to northwest according to 
their original location along each of the 14 separate lines 
crossing the deposit. From specimen No. 126 through
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No-. -151#--the arrangement follows from southwest to north
east along:5 lines located one foot apart and parallel to 
the trend of the deposit in the small area. The 19 speci
mens of schist are grouped toward the end of the table, 
again in reference to their distance along the consecutive 
traverse lines. - v •: ; '

Average Magnetic Measurements

The average magnetic measurements as calculated 
for the various groups of specimens are set forth in Table 
A-2. A symbol used in distinguishing the particular group 
on various plates within the text is given in the first 
column to the left of the table. Column 2 provides a brief 
description of each group and indicates the specimens.com
prising it. The average intensity of induced magnetism as 
calculated for each group is in Column 3. Since the induced 
component is assumed to nave the same direction in all 
specimens, each mean value results from an arithmetic average.

Average data concerning the remanent magnetism with 
each specimen in the group being given equal weight are 
tabulated in Columns 4, 5 and. 6.:. These data include the 
declination, inclination and intensity, in that order. The 
values in Columns 4 and 5 v/ere determined:by raking a 
vectorial average of the RM directions obtained from the 
specimens with their intensities reduced to unity. Such an
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approach allows the average directional qualities to be 
used in calculating virtual magnetic pole positions 
(Fisher, 1953; Cox and Doell, i960, p. 668; Nagata, 1961, 
pp. 284 and 286). The average intensity given in Column 6 
is a straight arithmetic mean, calculated,simply by adding 
the measured intensities of RM for the appropriate speci
mens in the group and dividing by the number represented.
It has no directional significance. .....

Intensity-weighted average values for the;decli
nation, inclination and intensity of the remanent magnetism 
for the various groups are listed in Columns 7, 8 and 9, 
respectively. Here the values were obtained by vector 
summation of the measured RM of each specimen in the group, 
weighted according to its actual magnitude of intensity.
This method considers each group as a point source, with 
the resultant describing the gross effect of its RM com
ponents.

Columns 10, 11 and 12 give the variables defining 
the average total magnetism of the individual groups. In 
numerical order, these columns list the declination, in
clination and intensity of the average total magnetism of 
each group. Obtained by taking an intensity-weighted vector 
sum of the average weighted induced and remanent magnetism, 
the recorded values give the orientation and intensity of 
the gross magnetization of the mass represented by each



group. The treatment given minor groups comprised of speci 
mens from along a single line is similar to that used by 
DuBois (1963). However, in the case of major groups and 
their combination, the gross magnetic effects over an 
area are derived by considering the magnetism of the mass 
within it to be a single dipole. Though limited to some 
extent by the neglect of important mass effects, such a 
treatment does have practical application as indicated by 
the work of DuBois and illustrated in subsequent pages.
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GROUND MAGNETOMETER SURVEYS

Survey of Main Area

, General Statement

In order to relate the geology and known extent 
of iron mineralization to the gross magnetic aspects of 
the area, a vertical magnetic intensity survey was made 
along the traverse lines of Plate 6. Covering a total 
linear distance of 22,400 feet, the survey resulted in 14 
magnetic profiles spaced 300 feet apart and bearing N30W 
for l600 feet across the deposit. These magnetic profiles 
are shown as solid curves on Plates A-l through A-l4, in 
the Appendix. Taken 3 feet above the ground, all magne
tometer readings were corrected for diurnal variation and 
then reduced to give a zero value at a Main Reference 
Station located away from the iron deposit (Plate 6). To 
facilitate study of the profiles with the map of Plate 6, 
their horizontal scale is the same.

Areal Distribution and Magnitude .of Anomalies

The magnetic profiles of Plates A-l through A-l4



show the majority of positive anomalies within the main 
area to be fairly continuous along its length and to 
correlate directly with the exposed portions of iron min
eralization. Portions of the profiles showing a relatively 
low positive intensity or gently sloping gradient are 
generally associated with areas of barren schist. These 
features are illustrated by the roughly central location 
of the magnetic highs in all the profiles and are parti
cularly evident along Lines No. 1 (Plate A-l) and No. 10 
(Plate A-10).

With reference to the arbitrary datum, positive 
intensities exceeding 10,000 gammas occur at various places 
over the iron deposit along 5 different traverse lines 
(Plates A-l, A-2, A-4, A-7 and A-9). Those in excess of 
20,000 gammas were recorded over the ore mineralization 
exposed on 3 such lines (Plates A-l, A-4 and A-9). Most 
commonly, the large positive anomalies rise sharply to 
their peak value and fall off in a similar manner within a 
few tens of feet.

Relative negative anomalies are fewer and less 
extensive along the length of the area than are the posi
tive ones. No negative intensities occur on 3 of the 14 
lines (Plates A-10, A-ll and A-12), and only those of 
about -1,000 gammas or smaller were recorded along 7 
others (Plates A-l, A-2, A-3, A-5, A-6, A-9 and A-l4).
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Where negative values near -2,000 gammas or greater were 
found (Plates A-4, A-7, a -8 and A-13) they do not as a 
rule extend across to adjacent lines. An important ob
servation is that the outstanding lows most often occur 
in the broader and more persistent iron-rich bodies.

The. main high of -*-28,040 gammas, is. located from 
620 to 640 feet along Line No. 1 (Plate A-l), while the 
low reading of -10,820 gammas is between 970 and 980 feet 
on Line No. 7 (Plate A-7). Combined, these values corres
pond to a Class 1 anomaly (Jakosky, 1961, p. 211) of 
38,860 gammas.

On the magnetic profile of Line No. 5 (Plate A-5), 
two subtle effects of the andesite porphyry dike are per
ceptible. First, in crossing the iron deposit and 
approaching nearer the dike, the intensity gradient along 
the line is somewhat stabilized. Then, between 1,050 and 
1,120 feet out, in a barren area covered by alluvium 
(Plate 6), an isolated magnetic high occurs where the line 
intersects the plane of the buried intrusion. Also, when 
the profile of Line No. 5 is compared with that of Line 
No. 6 (Plate A—6), the 200 feet of horizontal displacement 
along the fault between the two is discernible.

In general, the profiles show the vertical magnetic 
intensity to increase gradually until reaching the south
east exposure of ore mineralization. Once over the

36



37
deposit, large changes in intensity take place within 
extremely short linear distances. Then, northwest of the 
iron-rich zone, the gradient smooths out at a somewhat 
higher level than on the opposite side. Such a general
ized profile is more or less typical of a thin magnetic 
layer dipping steeply to the northwest in the northern 
hemisphere (Jakosky, 1961, p. 199)• The sharp changes in 
gradient over the ore deposit are due to widely differing 
magnetic properties from place to place within the sili
ceous iron mineralization. That the majority of anoma
lies are directly related to the direction and intensity 
of.the remanent magnetism, and are only slightly affected 
by the induced component, will be shown in the section 
entitled Interpretation of Results.

Survey of Small Area

To determine the complexity of the magnetic field 
associated directly with the iron mineralization of the 
Pikes Peak deposit, a detailed magnetometer survey was 
made of the small area. Adjacent to the andesite por
phyry dike in a rich zone of iron-oxides (Plate 6), the 
area exhibits involved magnetic characteristics typifying 
much of.the deposit. Aimed at delineating these character 
istics on a fine scale, the survey included 242 closely 
spaced magnetometer readings within an area of 25 square



feet. Results of the survey were reduced to an arbitrary 
datum giving a low value of zero and are contoured on the 
Vertical Intensity Map of Plate 9. The extreme Intensities 
are due to the fact that measurements were taken directly 
on the exposed iron deposit.

The most Important feature of the map of Plate 9 
is the general trend of its isanomalic lines. Though the 
small area is laid out parallel to the trend of the 
deposit in one direction, the lines of equal vertical 
intensity show a marked trend nearly perpendicular to 
this. In view of the close control used in plotting the 
map, it is doubtful that any interpretation of the in
corporated measurements could result in a markedly differ
ent pattern. Since the banded structure of the mineral
ization is distinct and obviously parallel to the length 
of its exposure both in and beyond the small area, align
ment of the isogams across the deposit rather than along 
it seems abnormal. This transverse trend is closely 
parallel to the strike of the nearby dike, however, and 
its intrusion may well have caused the measured intensity 
pattern.

One explanation would be alteration of the mag
netic properties along the intrusion by thermal zoning. 
Magnetic susceptibility, and therefore the intensity of 
induced magnetism, is related to grain size (Akimoto,
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1951) and mineral composition (Heiland, 1949, p. 116), as 
is the remanent magnetization (Nagata, 1961, p. 162;
Nagata and Kobayashi, 1958, p. 269; Nicholls, 1955). A 
thermal gradient could quite conceivably have caused a 
perceptible systematic change in the grain size or compo
sition of the magnetic minerals, thus altering their gross 
magnetic characteristics (McKinstry, 1948, p. 424).

Or, with wandering of the geomagnetic pole re
ported by Runcorn and others (1955, 1956, i960, p. 916), 
the temperature increase accompanying intrusion of the 
dike could have allowed the remanent magnetization to 
realign to some extent with the new ambient field of the 
time. It was to investigate this possibility that the 26 
oriented specimens taken from the small area were treated 
as a separate group in the calculation of average measure
ments.

Another possibility is that the transverse trend 
of isanomalles is due to the magneto-mechanical effects 
as described by Graham and others (1956 and 1959)♦ Such 
effects could have been caused by pressures exerted during 
implacement of the dike, or even by the directed stress 
which resulted in the adjacent fault.

A secondary feature of importance on Plate 9 is 
the overall complexity of the field gradient. Considering 
the size of the small area, and the fact that it is not



in the most highly magnetic part of the iron deposit, its 
complicated magnetic nature substantiates the statement of 
Cox and Doell(i960, p. 649) that ". . . magnetization is 
one of the most complex properties that the geologist can 
study . . . "

Measured Effects of Diurnal Variation

Three periodic fluctuations, termed secular, . 
annual, and diurnal variations, are undergone by the mag
netic field of the earth. The secular variation has an 
irregular periodicity of from 500 to 1,000 years (Blackett, 
1956, p. 11), while the others follow the time cycle by 
which they are named. The direction of the ambient field, 
as well as its intensity, changes during these variations 
(Fleming, 1949).

As mentioned, the magnetometer measurements of the 
main area survey were corrected for diurnal variation.
Using the base check method described by Jakosky (1961, 
p. 143), measurements were made over the Main Reference 
Station and various substations as often as was convenient. 
Whenever at the Main Station, 20 magnetometer readings were 
taken and averaged; at the substations, 10 readings were 
averaged each time.

Reduced to a zero value representing the first 
intensity average taken at the Main Station (and used as

41



zero throughout the main area survey), results of the 
reference readings are plotted on Plate 10. Arranged by 
days, the variation at the Main Station is shown together 
with that of the substations used. The maximum change in 
vertical intensity recorded during the four days of the 
survey was 450 gammas; it took place over a 9 hour period 
on the first day.

While indicating rather extreme variations with 
time, the graphs of diurnal variation on Plate 10 also 
present a somewhat unique and totally unexpected occurrence. 
At Substation Nos. 2 and 3, on the first day, and at Sub
station No. 9, on the third, the vertical magnetic inten
sity is seen to change in a different manner than at the 
Main Reference Station. Between about 9:50 A.M. and 3:15 
P.M. on the first day, the intensity at the Main Station 
rises from zero to 160 gammas. But during the same period 
at Substation Nos. 2 and 3, the intensity drops more than 
200 gammas. The same thing occurs between 11:30 A.M. and 
2:05 P.M. on the second day, at Substation.No. 9» except 
here the intensity increases while at the Main Station it 
decreases. At the 6 other substations used, the intensity 
varies directly with the change at the main one through 
both the second and fourth days.

.. Concerning the inverse variations recorded, there,/ .. - ' .: - ■ v • ■ ' *
are two noteworthy factors^ First, while opposite in
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direction, the rate of change in intensity at all of the 
aberrant substations is almost identical to that exhibited 
by the Main Station during any particular time; And second, 
the magnetic profiles for Line Nos. 2 and 9 (Plates A-2 
and A-9) - though beginning 100 feet north-northeast of 
Substation Nos. 2 and 9, respectively - show the intensity 
gradient to be dropping towards these substations. The 
magnetic profiles in line with the other substations used 
do not show this feature.

In attempting to resolve the discordant variations 
evidenced, the simplest explanation would relate the effects 
measured to a magnetic anisotropy within the rocks near 
the substations concerned. For, according to Jakosky 
(1961, p. 177) and Nagata (1961, p. 132), there does appear 
to be such a property in certain types of rocks, particu
larly crystalline schists. As they point out, it is a 
susceptibility anisotropy generally related to the plane 
of foliation in metamorphic rocks. Though not shown on 
the map of Plate 6, the rocks beneath all the magnetic base 
stations are of the schistose varieties locally typical of 
the Alder group. Their plane of foliation, while nearly 
vertical, wavers from side to side along its strike of
n6o e .

It must be assumed then, that with each minute 
fluctuation during the various periodic changes in the



earth’s magnetic field, the direction of induced magnet
ization within the schistose country rocks simultaneously 
increases or decreases from place to place within the area. 
The case at any particular location would depend upon 
whether the changing field direction approaches or recedes 
from the direction of maximum susceptibility possessed by 
the rocks of that place.
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MAGNETIC SUSCEPTIBILITY ,

General Statement

Nagata (1961, p. 311) has suggested and DuBois 
(1962, 1963) confirmed that the naturally occurring 
magnetization of rocks, minerals and geologic formations 
is the sum of their induced and remanent magnetizations. 
Being instantaneously reversible, the induced magnet
ization is proportional to the geomagnetic field. The. 
constant of proportionality, called magnetic suscepti
bility (Cox and Doell, i960, p. 649), is the ratio of 
the intensity of induced magnetism to the undisturbed 
field. As such, it is one of the main properties dis
tinguishing the magnetic effects of substances in the 
earth's crust (Holland, 1939# p. 116).

Limits and Distribution of Magnitude

Measurements of magnetic susceptibility for the
'■ "■ - ' - -  - • " ............. .

170 individual specimens taken at Pikes Peak are given 
in Column 3 of Table A-l. Average and limiting values as 
determined for the major groups of specimens and their
combinations are shown in Table 1, page 47. While

’ 46 : : ' - ' : ' :



susceptibility anisotropy can be caused by a shape factor 
in some magnetic bodies (Uyeda and others, 1963, p. 279), 
it is an intrinsic phenomenon in certain minerals, notably 
hematite (Nagata, 1961, pp. 132 and 174). Consequently, 
the susceptibility measurements made on crushed samples 
and quoted herein can be considered only as approximate 
values indicative of the mean for all directions.

TABLE 1
Maximum, Minimum and Average Susceptibility Measurements
Group Description Maximum Minimum Average

. - (10-5 emu/cc) (10-5 emu/cc) (10-5 emu/cc)

47

Main Area: Lines 1-14 
(125 specimens) 4,180 7 872

Small Area: Lines A-E 
(26 specimens) 1,650 9 413

All Specimens From Ore
(151) - 4,180 7 792

Specimens From Schist 
(19) 2,499

too weak 
to measure 375

All Specimens Taken 
(170) . 4,180

too weak 
to measure 746

As indicated in Table 1, measured values of magnetic 
susceptibility range from too weak to read up to 4,180 x 
10"5 emu/cc, and give an overall average of 746 x 10-5 
emu/cc. The average value of 792 x 10“  ̂emu/cc for all the 
specimens is considerably higher than even the maximum
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values given for hematite ores by Heiland (1939# p. 116) 
or Jakosky (1961, p. 164). However, it is well below the 
limits given by them and other authors for ores of magne
tite and therefore merely reflects the presence of this 
mineral. An average susceptibility of 375 x 10“5 emu/cc 
as obtained for the specimens of schist is somewhat mis
leading. Actually, nearly half of the group have values 
less than 10“^ emu/cc; and concerning the others, magnetite
bearing schists can have a magnetic susceptibility as 
100 times that of most other metamorphic rocks (Jakosky, 
19.61, p. 219).

The frequency distribution of measured suscepti
bilities is shown by Plate 11, Fig. 1, where dark, medium 
and light shading has been used to separate the observations 
made on specimens from the main area, small area, and 
schist, respectively. As can be seen from the histogram, 
there is a dominance of susceptibilities between zero and 
200 x 10”5 emu/cc, while higher values are distributed in 
ever decreasing frequency.

Values for individual specimens are plotted in
. , *' '' -- -Plate 11, Fig. 2, where minor groups are connected. The 

figure indicates a rough decrease in susceptibility in 
going from southwest to northeast through the main area, 
and the 11 schist specimens that could be measured are 
seen in truer perspective.
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For specimens taken from each respective line in 

the main area, the average value of magnetic suscepti
bility, denoted as "k," is included with the magnetic 
profile of the Appendix. There is good correlation 
between high line averages of susceptibility and high 
vertical magnetic intensities as shown on the profiles.

A comparison is made between magnetic suscepti
bility and intensity of remanent magnetism on the 
logarithmic graph of Plate 12. Within wide limits, a 
general correlation seems to exist, the RM rising 
rapidly with increase in susceptibility. The broad up
ward sloping pattern indicates a wide range of RM inten
sity can exist for a set value of susceptibility. This 
conclusion is similar to that found by DuBois (1962, 
p. 2890) for a suite of massive hematites. However, in 
a later work (1963, p. 272), he states that the relation
ship between these two variables is not always the same 
and depends upon the suite of specimens studied.



IN
T

E
N

S
IT

Y
 

O
F 

R
E

M
A

N
E

N
T

 
M

A
G

N
E

T
IS

M
 

---
---

--
 

10
 

em
u

/c
c

PLATE 12 51

—

—

-— h

4-----

-— -

-u
—

— T-

i---

4

- — -

- -

—

—

...

— —

2 3 « 5 6 7 8 9 1 0  2 3 4 3 6 7 8 910* 2 3 4 5 6 7 8 9  l O1

MAGNETIC SUSCEPTIBILITY ----- I O'5 emu/cc
OPEN SYMBOLS: RM UPWARD ---------------------------  SOLID SYMBOLS: RM DOWNWARD
° FROM MAIN AREA & FROM SMALL AREA +  FROM SCHIST

REMANENT INTENSITY VS SUSCEPTIBILITY



INDUCED MAGNETISM 

General Statement

Related directly to the geomagnetic field by 
magnetic susceptibility, as set forth in the preceding 
section, the induced magnetism of a geologic body is, in 
general, parallel to the earth's field. The qualifi
cation regarding this parallelism is necessary because 
the geomagnetic field is locally distorted (Jacobs and 
others, 1959* p. 118) by superimposed fields due to the 
remanent magnetization (DuBois, 1963, p. 272; Nettleton, 
1962, p. 1816) or terrain effects (Heiland, 1939, p. 133) 
within or near the body.

That such distortion exists in the vicinity of 
Pikes Peak iron deposit has been made apparent. However, 
the assumption of uniform magnetization holds approxi
mately in most cases (Nagata, 1961, p. 311). It is, there
fore, a general practice in geophysical work to assume 
that both the magnetic polarization of the basement rocks 
(Vacquir, 1951, p. 7) and the induced magnetization in 
rocks causing an anomaly are parallel to the earth's field 
(Cox and Doell, 1961, p. 649). An approximate value of the
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induced magnetic intensity within a particular body, then, 
can be obtained by a knowledge of its magnetic suscepti
bility and the variables defining the geomagnetic field in 
its vicinity.

Order of Magnitude Within Area

Using a value of 0.53 gauss for the total inten
sity of the geomagnetic field, the induced intensity per 
unit volume has been calculated for the Pikes Peak speci
mens. Results for individual measurements are given in 
Column 4 of Table A-l. The direction in each case is 
parallel to the magnetic field of the earth in the region 
of the sample site, N14e at +60°.

Plate 13, Fig. 1, shows the distribution of in
tensities of induced magnetism presented in a semi- 
logarithmic histogram. Necessarily similar to the distri
bution of magnetic susceptibilities, the maximum frequency 
is around 100 x 10”5 emu/cc while higher values generally 
decrease in number with an increase in intensity.

Average values for intensity of induced magnetism 
within each of the major and minor groups of specimens, 
as well as their combinations, are given in Column 3 of 
Table A-2. The average for all specimens in ore is found 
to be 419 x 10*"5 emu/cc, and 195 x 10“5 emu/cc is average



for the specimens of schist. Values range from a minimum 
in schist too weak to determine, to a maximum in ore of 
2,170 x 1 0 emu/cc.
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PLATE 13

Figure 1
Distribution of intensity of induced magne

tism. Dark portions of semi-logarithmic histogram 
represent 125 ores specimens from main area. Light 
grey increments account for 26 ore specimens from 
small area. White strips show distribution of the 
19 schist specimens.

Figure 2
Distribution of intensity of remanent mag

netism. Significance of shaded area is same as for 
Fig. 1, above.

Figure 3
Distribution of ratio of remanent to induced 

magnetism, Qn. Significance of shaded areas is same 
as for Fig. 1, above.

Figure 4
Distribution of intensity of total magnetism. 

Significance of shaded areas is same as for Fig. 1,
above
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REMANENT MAGNETISM

Introduction 

General Statement

As previously mentioned, geologic bodies posses - 
to a greater or lesser extent - a natural remanent mag
netization. In fact, though both are largely dependent 
on the ferromagnetic (or ferrimagnetic) minerals present 
(Heiland, 1949, p. 117; Nicholls, 1955^ p. 113), the RM is 
generally more intense than the induced magnetism (Nagata, 
1961, p. 148; DuBois, 1962, p. 2890 and 1963, p. 272). 
Unlike the induced component, the RM is spontaneous and 
often is not aligned with the earth's present day field 
direction (Cox and poell, i960, p. 649).

However, the permanent magnetization of a ferro
magnetic material is normally directed parallel to the 
magnetic field acting when it is acquired. Consequently, 
when rocks and minerals form, their direction of magneti
zation is influenced by the geomagnetic field of the time. 
In some rocks this magnetization is quite stable and homo
geneous in direction, remaining unchanged through many
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geologic periods (Blackett, 1956). By studying such rocks 
of known age, the discipline of paleomagnetism has devel
oped, bringing with it evidence to bolster the hypotheses 
of polar wandering and continental drift (Collinson and 
Runcorn, i960; Cox and Doell, i960). At the same time, 
the drive to obtain firm evidence concerning the history 
of terrestrial magnetism has added impetus to the science 
of rock magnetics.

Types of Remanent Magnetism

As a result of recent work (Nagata, 1961; Cox and 
Doell, i960; Fuller, 1963), the types of natural RM and 
the processes by which they are acquired are described 
below.

(1) Thermo-Remanent Magnetization (TRM): Due to
alignment of magnetic domains by the geomagnetic field 
when minerals are cooled through their Curie point or 
some temperature within tens of degrees below it.

(2) Partial Thermo-rRemanent Magnetization (PTRM): 
This case, similar to the above, is where mineral grains 
are cooled in a magnetic field over some temperature 
interval below their Curie point.

(3) Chemical or Crystallization Remanent Magne
tization (CRM): Produced in chemical formation or
crystallization of a ferromagnetic material under the
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influence of a magnetic field.

(4) Detrital or Depositional Remanent Magneti
zation (DRM): Caused by geomagnetically produced pre
ferential alignment of magnetic detritus during aqueous 
deposition of sedimentary rocks.

(5) Isothermal Remanent Magnetization (IBM): The
influence on magnetic domains at constant temperature that 
normally takes place within a relatively short time.

(6) Viscous Remanent Magnetization (VRM):
Special case of IBM, where geologic time is involved and 
the RM intensity is therefore greater.

(7) Anhysteretic Remanent Magnetization (ARM): 
Caused by simultaneous application of a constant magnetic 
field and an alternating one, the amplitude of which 
diminishes smoothly with time. Thunderbolts superimposed 
on the geomagnetic field may give ARM.

(8) Piezo or Pressure Remanent Magnetization
-N ~  '.... "

(PRM): A special type of RM believed to be produced by
the effect of pressure acting on rocks within the earth's 
magnetic field. Tectonic stresses may cause PRM in some 
rocks.

Reversed Magnetism
In addition to the various processes of rock 

magnetization briefly described, there exists the phenomenon 
of reversed magnetization.(Jacobs and others, 1959,
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p. 135-137). That reversed TRM is an intrinsic property 
of certain titanium-bearing hematites has been shown by 
Ishikawa and others (1961), while Nagata (i960, p. 301) 
mentions rocks known to have a self-reversed magnetization. 
Neel (1955) and others have also provided theoretical grounds 
for a number of self-reversal mechanisms. But Blackett 
(1962, p. 700) points out that the majority of rocks with 
reversed magnetization cannot be proven susceptible to 
self-reversal, leaving the possibility that the polarity 
of the earth's field has inverted at various times.

Considering the complex array of causes for the 
remanent magnetization of rocks and minerals in general, 
and the possibility of reversals in the earth's magnetic 
field, the complications which might arise in the case of 
metamorphosed rocks and ores become obvious (Runcorn, 1955, 
p. 247). At any rate, in attempting to interpret or de
fine the gross magnetic effects of a geologic body, the 
intensity and directional qualities of the RM can be fully 
as pertinent as its other magnetic characteristics. These 
qualities are of singular importance in the magnetization 
exhibited by the Pikes Peak iron deposit, as will be seen.

Limits of Remanent Intensity

Measurements defining the remanent nagnetism of 
individual oriented specimens taken at Pikes Peak are given
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in Columns 5, 6 and 7 of Table A-l. The distribution of 
the intensity of remanent magnetism as determined for 
these specimens is shown in the semi-logarithmic histo
gram of Plate 13, Fig. 2. As seen from this figure, the 
RM intensity within each of the three major groups varies 
widely. Specimens from both the main and small areas have 
intensities below 10"^ and above 10""̂  emu/cc. Those of 
schist include 8 too weak to measure, but even they 
exceed 4 x 10”3 emu/cc. There is an uneven distribution 
among all the major groups, though the frequency of values 
above 10 “3 emu/cc decreases markedly with increased RM 
intensity. There is an abundance of specimens from the 
small area with intensities in excess of 10""2 emu/cc.

As shown in Table A-l, maximum and minimum RM 
intensities within the major groups are: main area,
43,667 x 10”5 and 7 x 10“5 emu/cc; small area, 16,900 
x  10-5 and 4 x 10~5 emu/cc; schist,' 496 x  10"5 emu/cc and 
near zero. The high value of 43,667 x 10-5 emu/cc comes 
from 665 feet along Line 1, 25 feet beyond the maximum 
vertical intensity recorded in the magnetometer survey 
(Plate A-l).

Average Values of Remanent Intensity

Average values for intensity-weighted remanent 
magnetism are given in Columns 7, 8 and 9, Table A-2.
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Here, the average remanent magnetism for ore specimens from 
the main area is shown to be 1,001 x 10“5 emu/cc, directed 
S28W, +16°. That of the small area is 3,046 x 10”5 emu/cc, 
directed N?6E, -15°> which confirms the existence of high 
RM intensities throughout this group. The average for 
all specimens in ore is only 597 x 10“5 emu/cc, directed 
SIZE, + 8 ° ,  the drop in value reflecting the difference in 
direction defining the average RM of the small and main 
areas. A weighted average RM of 85 x 1 0 emu/cc, 
directed S80E, +37°, is given for the schist specimens.

In the minor groups, a maximum weighted average 
of 6,290 x 10“5 emu/cc, directed 815#, -44°, occurs 
across Line 12. Only a single high is shown on the verti
cal intensity profile (Plate A-12) however, because the 
average RM is directed opposite to the induced component, 
effectively cancelling it out. Line 6, with the low 
average of 158 x 10“^ emu/cc, directed 837#, + 58°, shows 
a number of somewhat higher vertical intensities in pro
file (Plate A-6) because the RM and induced components 
along it are additive in the vertical direction.

Individual and Average Directional Qualities

Directions of remanent magnetism for ore specimens 
taken from the main area are plotted in Plate 14, Pig. 1. 
Although both the declination and inclination appear quite



PLATE 14

Figure 1
Direction of remanent magnetism of ore specimens 

from throughout main area. Open circles indicate upward 
inclination; solid circles, downward inclination. Aver
age direction with each specimen given unit weight is 
concentrically circled. Intensity-weighted average is 
inside square. Triangular symbol shows direction of 
earth's present field at specimen site. Data from 
specimen Nos. 1 through 125 are shown.

Figure 2
Direction of total magnetism of ore specimens 

from throughout main area. These are resultant 
directions obtained by vector summation of the inten
sity-weighted remanent and induced magnetizations of 
each specimen. Open circles plot on the upper hemi
sphere, solid circles on the lower. Average direction 
of the group is shown encircled. Note how earth's 
ambient field, direction of which is indicated by tri
angular symbol, aligns resultants of specimens having 
a low ratio of remanent to induced magnetism. Specimens 
represented are same as in Fig. 1, above.
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variable throughout the group, a majority of readings are 
directed into the southwest and northeast quadrants, the 
former being favored. Few of the specimens have their di
pole directions parallel to the local geomagnetic field.
The mean direction for this group is S46w, +49°, with the 
intensity-weighted average direction being S28W, +16°.

Specimens from the small area, hopefully taken to 
show effects of nearby intrusion, have their directions of 
remanent magnetization plotted in Plate 15, Fig. 1. Read
ings for this group fall mainly to the east, but still 
there is considerable dispersion. A major trend is evi
dent, however, in the abundance of upward inclinations.
The mean direction of S82E, -15 is calculated for these 
specimens, while their intensity-weighted average direction 
is found to be N76e , -15°. Again, few of the dipole 
directions parallel the earth's ambient magnetic field.

Plate 16, Fig. 1 shows the dipole directions for 
the remanent magnetism as measured in the specimens from 
barren schist. Once more there is considerable disper
sion, though the majority of specimens have their RM 
directed downward. No principal declination is apparent. 
The mean direction for the remanent component in this 
group is S68E, +60°; the intensity weighted average 
direction, S80E, +37°.

The average directions of remanent magnetism as
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Direction of remanent magnetism of ore speci
mens from small area. Sense of inclination is shown 
by open (upward) and solid (downward) symbols. Average 
direction with specimens weighted equally is encircled; 
intensity-weighted average is boxed. Triangle indi
cates earth's magnetic field direction at specimen 
site. Data from specimen Nos. 126 through 151 are 
shown.

PLATE 15

Figure 1

Figure 2
Direction of total magnetism of ore specimens 

from small area. Vector summation of remanent and 
induced components of magnetism as measured for each 
specimen result in directions shown. Open and solid 
symbols signify upward and downward inclinations, 
respectively. Average direction of the total magnetism 
is concentrically circled. Direction of induced magne
tism is shown by small triangle. Due to the relatively 
weak induced magnetism in the specimens of this group, 
their direction of total magnetism is not radically 
changed from that shown for their remanent component 
in Fig. 1, above.
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Direction of magnetism of schist specimens. Open 
symbols project onto upper hemisphere, solid symbols onto 
lower. Plain circles give direction of remanent magnetism; 
crossed circles show direction of total magnetism for the 
same specimens. Concentrically circled points indicate aver
age direction, with that of the remanent magnetism weighing 
each specimen as one. The intensity-weighted average di
rection of remanent magnetism is shown boxed. Triangular 
symbol indicates direction of earth's magnetic field.
Data from 11 of the 19 schist specimens (Nos. 152 through 
170) having a measurable remanent magnetism are shown.

Figure 2
Average directions of remanent magnetism of speci

mens, by groups. (l) through (14) give average direction
for specimens grouped according to traverse line. Di
rection indicated by a single ring is the average for 
these 14 groups. (A) through (E) are average directions
for the 5 lines in small area, and the small square de
signates the average direction for specimens from these 
lines. The average direction for all specimens in ore 
(main and small areas) is shown in double ring. Speci
mens in schist give an average direction indicated by 
large triangle, while that obtained from all specimens is 
designated by three concentric rings.

PLATE 16

Figure 1
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given in Columns 4 and 5 of Table A-2 for each major and 
minor group and their combinations are plotted in Plate 
16, Fig. 2. Here all average values for the main area 
show downward inclinations, though their declination 
varies considerably. The remanent magnetization of groups 
from along Line Nos. 8, 9 and 13 has apparently been in
fluenced by the earth's present magnetic field, as their 
average directions closely parallel it. Almost all of 
the average readings for the remaining lines in the group, 
however, are directed into the southwest quadrant. Minor 
groups from within the small area are seen to have average 
readings consistently different from the rest. Their de
clinations are eastward, with upward inclination. Taking 
all ore specimens, from the main and small areas together, 
an average direction of S6w, +52° is calculated for the 
remanent magnetization. When the schist specimens are 
included, the overall mean direction is due south and 
58° downward.

Worthy of note is the fact that average declinations 
for many of the lines within the main area are nearly 
aligned with the general strike of the Pikes Peak iron 
deposit and the plane of foliation in rocks throughout 
the vicinity. The general feature is further illustrated 
in Plate 17, Fig. 1, which shows the frequency distribution 
of RM declination for all the 162 measured specimens



PLATE 17

Figure 1
Distribution of declination of remanent magne

tism. Dark portions of histogram represent 125 ore 
specimens from main area. Light grey increments account 
for 26 ore specimens from small area. White strips show 
distribution of the 11 measurable schist specimens.

Figure 2
Distribution of inclination of remanent magne

tism. Significance of shaded areas is same as for 
Fig. 1, above.

Figure 3
Distribution of declination of total magnetism. 

Significance of shaded areas is same as for Fig. 1, 
above.

Figure k

Distribution of inclination of total magnetism. 
Significance of shaded areas is same as for Fig. 1, 
above.
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collected. The chief and secondary maximum frequencies of 
declination within the main area are seen in the figure to 
be aligned n60E and S60W, respectively. The maximum fre
quency of occurrence for specimens from the small area is 
in the interval above N80E, still markedly near to the 
trend of the deposit and the local schistosity.

Fuller (1963) has reported certain Welsh slates 
in which the remanent magnetization lies in the cleavage 
plane. He further states {1963, p. 293) that TRM, IRM 
and PRM can all - in the laboratory at least - be acquired 
anistropically by rocks. The possibility that such 
anistropy has influenced the declination of EM within and 
around the iron deposit at Pikes Peak, then is indicated 
by the majority of specimens having their remanent mag
netic declination closely parallel to the plane of foli
ation in the area.

As for magnetic inclination in the collected 
specimens, the frequency distribution of this variable is 
shown in Plate 17, Fig. 2. A maximum frequency of re
manent inclinations between -10° and -20° exists for 
specimens from both the main and small areas, but the 
majority of readings from the larger group are more or 
less evenly distributed between -20° and *70°. Although 
some of the absolute values between 6o° and 80° could 
parallel the dip of the schistosity, there are not many



69
of these and no systematic trend in direction of the 
remanent magnetic inclination is apparent.

However, since the inclination of remanent magne
tism in about one-third of all the specimens taken is 
downward, while in the other two-thirds it is upward, to 
distinguish between these fractions was considered 
important. Consequently, properties shown as points on 
all maps and graphs - unless otherwise specified - are 
differentiated on this basis. Solid symbols indicate the 
RM of the specimen is directed downward (positive), while 
open symbols indicate it to be upward (negative).
Blackett (1962, p. 705) suggests the possible value of 
such treatment in aiding to distinguish between self- 
reversed and field-reversed specimens and uses the method 
in some of his earlier work (1956, p. 95)•

Areal Distribution of Directional Qualities

In an effort to find some pattern in the directions 
of remanent magnetization, the specimens from both the 
main area and schist have their areal distribution and 
measured dipole orientations plotted on the map of 
Plate 6. Originally, the hope was to decipher the nature 
and direction of folding and obtain an insight into the 
origin of the iron mineralization. According to Gross 
and Strangway (1961), an analysis of remanent magnetism
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in iron ores of French West Africa served this purpose 
reasonably well. Aside from the general trend of the 
remanent declination parallel to the common strike of the 
deposit and its schistosity, however, little correlation 
can be made - either lengthwise or across this trend - 
between the directions of RM exhibited by individual 
specimens. On Lines Nos. 8, 10, 13 and 14, only downward 
inclinations are evidenced, but the declinations are often 
opposite in direction and sometimes even perpendicular to 
one another. In going down the deposit through other 
lines, the declinations are not consistent and the incli
nations vary to the extent of showing reversed polarity 
and almost any intermediate value.

Though not described at length herein, the 
direction of RM for each specimen was computed with the 
dip of its schistosity (or bedding, as near as could be 
determined) revolved around its strike and into the hori
zontal plane. The treatment given provided a tilt 
correction for the remanent magnetization, assuming that 
all specimens came from the southeast limb of a single 
non-plunging anticlinal fold. Suffice it to say that the 
dispersion among such corrected directions was even 
greater than is presently exhibited with the specimens



oriented as found in place. Discussion of the implications 
arising from different possible origins of the remanent 
magnetism within the Pikes Peak deposit is left to the 
section concerned with interpretation of results.
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TOTAL MAGNETISM 

General Statement

The vertical intensity of the gross total magne
tization over the area under study has been treated in 
an earlier section. Likewise, the limits of intensity 
and directional qualities of both the induced and rema
nent magnetism as determined from collected specimens 
have been presented. It is the present purpose to define 
the relationships of the measured induced and remanent 
components to the total magnetism and test the validity 
of data obtained from specimens against those taken with 
a ground magnetometer. When comparing measurements made 
in the field with those resulting from laboratory work 
on specimens, the fact that important mass effects in
fluencing the former are neglected in the latter (DuBois, 
1963, p. 269) must be kept in mind.

Ratio of Remanent to Induced Magnetism

The ratio of remanent to induced magnetism - 
defined as Qn and first utilized extensively by Konigs- 
berger (1938, p. 119) - is a value commonly used to
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describe the magnetic properties of rocks and ores. This 
ratio is given for the Pikes Peak'specimens in Column 8, 
Table A-l, and the distribution of its value throughout. 
the major groups is shown in Plate 13, Fig. 3. As seen in 
the figure, the ratio of remanent to induced magnetism is 
inconsistent throughout all the groups. It varies from 
near zero to over 100, with the majority of values being 
greater than 1 for ore specimens.

Plate 18 shows the ratio of remanent to induced
•.... : ■magnetism by individual specimen, with the subgroups being 

connected by fine lines. Except for three specimens on 
Line No. 1, the Qn value shows a rough increase from the 
southwest to northeast through the main area. In"general, 
specimens from the small area have a higher Qn than the 
rest, while those from schist have a lower.

Maximum, minimum and average values for the ratio 
of remanent to induced magnetism are shown for the main 
groups in Table 2, page 75. The average Qn for all ore 
specimens is seen to be 11.17, with both the overall 
maximum value of 220.25 and minimum of 0.04 coming from 
within the main area. The high group average of 13.28 for 
the ratio of remanent to induced magnetism comes from the 
small area, while schist specimens have an average Qn 
of 0.58.
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TABLE 2

Maximum, Minimum and Average Qn Values
Group Description Maximum Minimum Average
Main Area: Lines 1-14 

(125 specimens) 220.25 0.04 9.70
Small Area: Lines A-E 

(26 specimens) 120.20 0.24 13.28
All Specimens From Ore 

(151) 220.25 0.04 11.17
Specimens From Schist 

(IS) 1.80 0.05 0.58
All Specimens Taken 

(170) 220.25 0.04 10.45

Since the total magnetization is the resultant of 
the RM and induced magnetism, its intensity over any area 
can be correctly interpreted only if the directional 
relationships of these components are considered. But with 
the average Qn being roughly 11 in the area of the iron 
deposit, it is clear that the total magnetism is controlled 
at least locally by the component of remanent magnetization.

Additionally, high Qn values exemplified by those 
in excess of 100 suggest the type of RM being dealt with. 
Nagata (1961, p. 311) points out that except in igneous 
rocks and special cases of sedimentary and metamorphosed 
iron ores usually having CRM, the Qn value is generally



less, or even much less than unity. In view of this, and 
the existence of residual magnetite in the Pikes Peak de
posit, much of the RM component is likely due to chemical 
remanent magnetization. Such magnetization would have 
been acquired at the time the magnetite was altered to 
hematite, or possibly in some cases, to maghemite, the 
mineral name for highly magnetic, isometric, gamma- 
hematite. Though not identified in the Pikes Peak speci
mens, the presence of some fine-grained maghemite is 
inferred by their high RM and extreme Qn values (Nagata, 
1961, pp. 200 and 211).

Limits of Total Intensity

Variables defining the total magnetism as computed 
by vector summation of the intensity-weighted remanent 
and induced components are listed for individual speci
mens in Columns 9, 10 and 11 of Table A-l. The distri
bution of the computed total intensities is shown in

- .'v » . ....  ' - ' '

Plate 13, Fig. 4, where values ranging from zero (in 
specimens with unmeasurable RM and susceptibility) to 
more than lO™̂ - emu/cc are represented. Excluding those 
too weak to measure, there is a maximum occurrence of 
specimens with a total intensity of between 80. and ;
90 x 10“5 emu/cc. This has little meaning, however, 
because of the broad distribution of higher values in
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all the major groups.

As seen in Table A-l,- the maximum and minimum 
values of total magnetic intensity within the primary 
groupings are: main area, 44,174 x 1 0"5 emu/cc and
24 x. 1 0”5 emu/cc; small area, 16,948 x 10"5 emu/cc and 
3 x 10“5 emu/cc; schist, 1,389 x 1 0”5 emu/cc and near 
zero.

Directional Qualities of Total Intensity

Average values defining total intensity are given 
in Columns 10, 11 and 12, of Table A-2. These average 
values for the three major groups are discussed with the 
directional qualities of individual specimens in the 
following paragraphs.

Directions of total magnetism for specimens from 
the main area are plotted in plate 14, Fig. 2, where they 
can be seen in relation to the orientation of their RM 
component. A concentration of points around the existing 
direction of the geomagnetic field demonstrates its ef
fect on specimens having a low ratio of remanent to 
induced magnetism. The majority of directions, though, 
differ markedly from the earth's ambient field. Average 
total magnetism within the group is.calculated to be 
1,000 x. 10■■'5 emu/cc, directed S32W, +4l°. The strong 
influence of the RM component is obvious in that its
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average intensity-weighted direction is S28W, •'-16°, as 
quoted earlier.

Plate 15, Fig. 2 is a plot of the direction of 
total magnetism of specimens from the small area. Having 
a high average Qn, this group is not greatly affected by 
the component of magnetism induced by the geomagnetic 
field. Its average intensity of total magnetization is 
3,052 x 10-5 emu/cc, directed NT*®, -11°. This is again 
quite similar to the intensity-weighted average value for 
the remanent magnetic component.

Plotted in Plate 16, Fig. 1, along with the 
directions of their RM, are the directions of total magne
tism as computed for the measurable specimens of schist.
In this group the average intensity of remanent magnetism 
is only half that of the induced, and the effect of the 
earth's magnetic field is marked. Only two of the speci
mens have a direction of total magnetism distinctly out 
of alignment with the geomagnetic field. Directed 
N35E, +16°, the average total magnetic intensity obtained 
for the schist group is 384 x 10-5 emu/cc.

An average value of 6o6 x 10”5 emu/cc, directed 
S24e , +46°, is calculated for the total magnetism of all 
specimens in ore. The mean total magnetism of all
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specimens collected is found to be 578 x 10"5 emu/cc, 
directed S25E, +48°.

The frequency distribution of total magnetic 
declination and inclination within the Pikes Peak speci
mens are shown in Plate 1J, Figs. 3 and 4, respectively.
In these figures, the maximum frequency of inclination is 
seen to be about N10E, while that of declination is between 
•*■60 and 70°. Because all specimens are represented 
equally, the effect of the induced magnetism and the 
earth’s present field direction is displayed. But when 
relative intensities are considered, and average values 
as quoted in the preceding paragraphs are obtained, the 
overpowering influence of the remanent magnetization 
within the ore is evident.

Correlation of Field and Laboratory Measurements

In order for the methods of rock magnetism as 
treated herein to have practical application in interpreting 
gross magnetic effects, they must correlate with field 
data. An initial test of correlation between field and 
laboratory measurements is made on the Vertical Magnetic 
Intensity Map of Plate 9• This map, it will be remembered, 
was plotted from ground magnetometer measurements using 
an arbitrary datum. Superimposed upon it are the original'
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locations of specimens Nos. 126 through 151, with their 
respective directions of total magnetism as computed from 
laboratory measurements.

Inspection of .Plate 9 will show that specimens with 
total magnetism directed downward (having a positive verti
cal component) are most often in areas with a vertical 
magnetic intensity above 50,000 gammas. On the other 
hand, those with total magnetism directed upward (having 
a negative vertical component) are generally located in 
areas of lesser vertical intensity. Specimens providing 
exception to these generalities (Nos. 126, 128, 136, 147 
and 148) are not far from the 50,000 gamma contour.
Though the presentation does not include specific values 
of computed vertical magnetic intensity, it serves to 
illustrate further the complexity of the area’s total 
magnetism and indicates general correlation of field and 
laboratory data.

Evidence of correlation over a greater areal ex
tent is shown for the two types of data on the magnetic 
profiles of Plates A-l through A-l4. Along with results 
of each magnetometer traverse is plotted the vertical 
intensity of total magnetism computed for specimens taken 
from the line. Considering the uneven spacing of stations 
providing data for the dashed curves of computed intensity, 
as well as the mass effects inherent in the field data.
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there is good to fair correlation between relative values 
over the area covered.

The complex changes in gradient shown by the solid 
curves of Plates A-l, A-2 and A-3 are well represented by 
the laboratory data. On Plates A-5, A-6, A-9 and A-10 
through A-14, there is generally a marked resemblance 
between the curves plotted by alternate methods. Where 
the solid and dashed curves are not similar, as in the 
case of Plates A-4, A-7 and A-8, most of the individual 
values obtained for specimens correlate with those taken 
in the field, but there is a lack of laboratory data 
between the specimens.



COMPARISON OF MAGNETIC PROPERTIES AND SPECIFIC GRAVITY

Specific gravities of the individual specimens 
from Pikes Peak are given in Column 12 of Table A-l and 
are plotted in the histogram of Plate 19# Fig. 1. With 
values ranging from 2.66 to 4.04, the average specific 
gravity for all specimens collected is 3.14. For groups 
taken from the main area, small area, and schist, average 
values are 3.17# 3.13 and 2.94, respectively. An average 
specific gravity of 3.16 is obtained from the ore speci
mens only.

To compare the measured magnetic susceptibility 
of the specimens with their specific gravity, the graph 
of Plate 19# Fig. 2 was plotted. In this figure, a wide 
range of susceptibility is displayed for almost any given 
specific gravity. Initially, the upper limit of suscepti
bility is seen to vary directly with specific gravity. As 
the specific gravity gets higher than about 3.20, however, 
an inverse relationship appears to exist.

Intensity of remanent magnetism as measured in 
the Pikes Peak specimens is compared with their specific 
gravity in Plate 20. Here, the RM is also seen to vary
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greatly within specimens of the same specific gravity. A 
general increase in remanent intensity accompanies higher 
specific gravity, but aside from this, no firm connection 
is evident between the two properties.

The extreme variation in magnetic susceptibility 
and remanent magnetism within specimens of nearly identi
cal specific gravity is to be expected from the nature of 
mineralization within and adjacent to the iron deposit.
In general, the occurrence of higher specific gravities 
can be attributed to an increased abundance in iron min
erals, principally hematite (sp. gr. 4.9-5.3) or magne
tite (sp. gr. 5.168-5.180). But the magnetic properties 
of these two constituents are radically different, while 
their values of specific gravity overlap. Consequently, 
their relative proportions can vary greatly in otherwise 
similar specimens and have no noticeable effect on 
specific gravity. The situation is further complicated 
by any maghemite that might be present. Having still 
different magnetic qualities, it ranges from 4.4 to 4.88 
in specific gravity (Nicholls, 1955, p. 125). Even 
assuming an identical mineral assemblage and specific 
gravity in two or more specimens, their magnetic pro
perties might vary due to difference in grain shape or 
size. Magnetic susceptibility increases with grain size 
in both magnetite (Heiland, 1949, p. 117) and hematite
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(Nagata, 1 9 6 1 , p. 28), while higher intensities of remanent 
magnetism can result from decreased grain size in all the 
iron minerals mentioned above (Nicholls, 1955# p. 127; 
Nagata, 1961, pp. 21 and 23; DuBois, 1963, p. 278).
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PALEOMAGNETIC IMPLICATIONS OF REMANENT MAGNETISM

General Statement

To interpret the cause of the magnetic features 
described in the preceding sections, some indication of 
the history of magnetization of the Pikes Peak deposit 
is necessary. In an attempt to learn something of this 
history, or to determine the age of the deposit and 
associated structures, virtual geomagnetic pole positions 
were computed for each major and minor group of specimens. 
Results of these computations are given in Table 3 on the 
following page. Based on the average directions of RM 
for each group as listed in Table A-2, the pole positions 
were computed using equations set forth by Cox and Doell 
(i960, p. 664) and Nagata (1961, p. 286). Only values 
given in Column 3 of Table 3 have any paleomagnetic signi
ficance; those of Column 4 are based on intensity-weighted 
average directions and are included simply for the pur
pose of comparison. The latitude and longitude given for 
each group in Column 3, then, define the position of the 
north-seeking virtual geomagnetic pole.
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TABLE 3
POLE POSITIONS CALCULATED FROM AVERAGE MAGNETIC MEASUREMENTS

Group
Symbol
Plate Group

Description
Pole Position 
Each Specimen 

Given Unit Weight
Pole Position 
Each Specimen 

Weighted By Intensity
21 Latitude Longitude Latitude Longitude

1
Main Area

Line 1: Nos. 1- 13 20°S 170°W 16°S 150°%
2 Line 2: Nos. lU- 26 7 S 161*°W 00 1020%
3 Line 3: Nos. 27- 36 1*6°S mow 8l°S 680%
U Line U: Nos. 37- U9 2°S 172°W 37°S 5°E
5. Line 5$ Nos. f>0- $8 31°S I690W 1°N H*70E
6 Line 6: Nos. 59- 67 90S 113°W 80s 11*0°%7 Line 7: Nos. 68- 77 n°s 165°W 50OS 650%
8 Line 8: Nos. 78- 86 61*ON 260% 1*6°N 1780%
9 Line 9: Nos. 87- 93 7l*°N 139°% 5l°N 90°E
10 Line 10: Nos. 9U-101 80S 161*0% 3l*°S 1580%
11 Line 11: Nos. 102-108 27 °s 166°W 6l°S 83°%12 Line 12: Nos. 109-111: 59°s H*3°E 7U°S 176°%
13 Line. 13: Nos. 115-119 51°N 107°W 28°N 63°%
lit Line lU: Nos. 120-125 70N 79°% HON 31*°%
# Lines l-lU:Nos. 1-125 12°S 1520% bOOS 1500%

Off map
Small Area

Line A: Nos. 126-129 1°S 200% 1°N 1U°%
Off map Line Bt Nos. 130-131* 2°S 16°% 9°N 7°%Off map Line C: Nos. 135-11*0 28°S 18°% 60s 8°W
Off map Line D: Nos. 11*1-11*6 1*3°S 53°% 3°S 10°%Off map Line E: Nos. 11*7-1$! 12°N 8°W 23°N l*o%

■ Lines A-E:Nos.l26-l5l n°s 20°% 7°N 8°W

•
All.Specimens In Ore 
Lines 1-11* and A-E 23°s 118°% 5o°s 9l*o%Specimen Nos. 1-151

In Schist Only 
Various Lines, l-ll* 8°N 680% l*°N 1*5°%

©

Specimen Nos. 152-170
All Specimens Taken 
Specimen Nos. 1-170 20°S 113°% 5o°s 9l*o%

NOTE: Since 8 of the 19 schist specimens were too weak to read, only 11
are represented in their averages. Consequently, positions for "All 
Specimens Taken" include data from but 162 individual readings.
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Results of Paleomagnetic Analysis

Plotted on Plate 21, where they are shown in 
relation to polar wandering paths established by Collin- 
son and Runcorn (1980, p. 957)/ most pole positions ob
tained for specimens from Pikes Peak fall remarkably near 
the path based on American rocks. While poles calculated 
for the schist and some lines across the main area are 
scattered, many of them (Line Nos. 1, 2, 4, 5, 7, 10 and 
11) form a relatively tight group near the location 
shown for the geomagnetic pole at about the end of the 
Precambrian. The mean pole for all specimens from the 
main area is the best estimate for the group, and it in
dicates that the RM was acquired just prior to deposition 
of rocks of the Grand Canyon system (see poles for Shinamo 
quartzite, Hakatai shale and Bass limestone on Plate 21). 
Almost directly on the path supposedly followed by the 
geomagnetic pole, the position obtained for specimens 
from the small area points to a late Cambrian or early 
Ordovician date for the acquisition of its direction of 
remanent magnetism. .

An important feature that would seem to lend 
credence to the above dates and the method by which they 
were obtained is related to the polarity of.the pole for 
the small area. The remanent magnetism in the large
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majority of specimens from the small area, as will be 
remembered, was directed upward. Because of this, the 
north-seeking virtual geomagnetic pole as listed in Table 
3 for the small area plots off the map of Plate 21. Con
sequently, it is the opposite or south-seeking pole which 
indicates the late Cambrian date. While a very few rocks 
of Cambrian or Ordovician age having mixed polarity are 
known (Cox and Doell, i960, p. 742), the important fact 
is that the vast majority show polarity giving a south
seeking virtual geomagnetic pole at the position shown 
for the small area (Blackett, 1956, pp. 23 and 85).

The pole obtained for the small area, then, is 
not only near the established polar wandering path, but 
its polarity is also consistent with that shown for the 
time by almost all rocks of the same indicated age which 
have been investigated. As for the reversed polarity of 
RM exhibited by about one-third of the specimens from 
the main area, both Precambrian sediments and metamor
phosed rocks having reversed polarity are known (Blackett, 
1956; Cox and Doell, i960, pp. 692-694; Collinson and 
Runcorn, i960, pp. 933 and 936).

Effects of Dispersed Remanent Magnetism

That considerable dispersion exists in the



directions of RM for all groups of the Pikes Peak speci-.. 
mens has been amply displayed. Before basing interpre
tations on the results of paleomagnetic analysis, the 
precision and confidence of the computed pole positions 
should be mentioned. Both Fisher (1953) and Wilson (1959# 
p. 755) have provided methods for statistically treating 
the directional data of rock magnetism.

The method of Fisher utilizes a precision parameter 
to define the distribution of directions. Essentially, 
when the precision parameter is large, the dispersion is 
small, and when it is zero, the dispersion is a maximum 
and uniform in all directions. It should serve to say 
that the precision parameters for all groups of specimens 
treated herein are less than 3: the dispersion is con
siderable.

Wilson's method is much simpler and results in a 
standard angular deviation for all individual specimens 
in a group and a standard deviation for the mean direction. 
The standard deviation for a single reading in the major 
groups as treated herein was found to vary between 50° 
and 70°. In other words, no single value can be counted 
upon to fall very near the mean. On the other hand, 
because of the large number of specimens collected, the 
standard deviation of the mean direction within all major 
groups but that of the schist is about 6°. The results
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quoted merely Indicate that while there is great disper
sion among the individual readings, there are enough of 
them so that the direction of any one does not greatly 
affect the mean.

As mentioned earlier, when a tilt correction was 
applied to all specimens, dispersion among their directions 
of RM increased. Virtual geomagnetic poles were also 
computed for the tilt-corrected average directions. But 
the results, in every case, proved both inconsistent and 
unrealistic.

The dispersion with specimens in situ, at any 
rate, is such that an interpretation of the magnetic 
features of the Pikes Peak deposit should attempt to 
reconcile the consistency of paleomagnetic results with 
the non-uniform directions exhibited by the remanent 
magnetization.



INTERPRETATION OF RESULTS 

General Statement

Concerning the gross magnetic effects over the 
main area, it has been shown that the major anomalies 
of vertical magnetic intensity trend along the length 
of the iron deposit. In the small area, adjacent to 
the andesite porphyry dike, these anomalies have a trend 
transverse to that recognized over the deposit in 
general. Within the schist, there is evidence to indi
cate a magnetic anisotropy related to the plane of 
foliation.

Regarding detailed magnetic properties, the 
complex heterogeneous nature of magnetization within the 
ore mineralization and schist has been demonstrated. The 
ratio of remanent to induced magnetism in specimens from 
both the main and small areas averages 11 or better.
That this average ratio results in the total magnetism 
being largely controlled by the remanent component has 
been illustrated. In specimens from the main area, the 
directions of RM are diverse, but declinations fall into
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two definite groups which are about 180° apart and closely 
parallel the strike of the iron deposit. Directions of RM 
within specimens from the small area, again considerably 
dispersed, are generally spread between the strike of the 
deposit and that of the nearby dike; the declination of 
the average direction (S82E), in fact, very nearly bi
sects the horizontal angle between them. A certain sta
bility is indicated for the remanent magnetism inasmuch as 
its direction in the vast majority of specimens is mark
edly different from that of the present geomagnetic field 
(Blackett, 1956, p. 22).

Information obtained by paleomagnetlc analysis 
implies that the remanent magnetism presently exhibited 
by the Pikes Peak iron deposit was acquired sometime 
after the Mazatzal revolution, which ended the older Pre- 
cambrian in the area, and prior to the deposition (or 
acquisition of the present RM) of the Grand Canyon system. 
Based on similar paleomagnetlc evidence, the small area 
had its remanent magnetization markedly affected at about 
the end of the Cambrian period. The directions of 
remanent magnetism on which the paleomagnetlc analysis 
is based are so dispersed that if the results are assumed 
to be accurate, some reason must be provided for the 
dispersion.
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Any interpretation offering an explanation of the 
magnetic features of Pikes Peak iron deposit must, as in 
any geologic problem, tie together all the observed facts. 
In an effort to do this, the history of magnetization as 
presently exhibited within the area taken under study is 
reconstructed below.

History of Magnetization

.No assumption is made concerning the origin of 
the iron mineralization at Pikes Peak. There is evidence, 
however, that the mineralization was present prior to 
the isoclinal folding that resulted from the Mazatzal 
revolution, or else was introduced in the late stages of 
this folding. If in existence prior to the folding, there 
was probably some RM of the depositional (DRM) or chemical 
(CRM) type associated with the ferromagnetic minerals 
involved. But this magnetization, if it existed at all, 
is likely to have been eradicated by the metamorphic 
effects of the orogeny.

The RM as now exhibited by the deposit is con
sidered to be either largely CRM, which accompanied 
alteration of the iron mineralization during metamorphism, 
or the thermal type of remanent magnetization (TRM), 
acquired at the time of the metasomatic emplacement.
The stability of the magnetization in either case would
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be about the same (Nagata, 1961, p. 201). If this stable 
component of RM was acquired before the tectonic stress 
accompanying the Mazatzal revolution had subsided, the 
effects of pressure would be felt. A point of importance 
is that when pressure acts upon either CRM or TRM, the 
pressure induced magnetization (PRM) deviates systemat
ically from the direction of the applied field towards a 
direction perpendicular to the pressure (Nagata, 1961, 
p. 272). since the apparent direction of the earth's 
magnetic field towards the end of the older PreCambrian 
(approximately S46W, +41°) was only slightly out of 
parallel with the strike of the deposit, the stress per
pendicular to the folds of the area would cause the PRM 
to have its direction aligned with the length of the 
mineralized zone.

However, the PRM would show considerable dis
persion (Graham, 1956, p. 736; Graham and others, 1959). 
Combined with some reversed magnetization, acquired 
simultaneously with the PRM, or pre-existing in the CRM 
or TRM, the directions would be spread across the strike 
of the deposit to the southwest and northeast. This 
distribution, in fact, is the same as shown in Plate 14, 
Pig. 1, for the RM of specimens from the main area.

The apparent magnetic anisotropy of the iron 
mineralization, then, is quite likely due to the effects
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of PRM, and If any real magnetic anisotropy exists, it was 
caused by the same tectonic stress. If the iron deposit 
had not been in place while the stress was active, there 
would be no apparent cause for anisotropy over the area, 
whether real or otherwise.

After acquiring a dispersed RM, the evidence 
indicates that the deposit was intruded late in the 
Cambrian period by the andesite porphyry forming a dike 
in the main area. At this time, partial thermo-remanent 
magnetism (PTRM) probably affected the ferromagnetic 
mineralization immediately adjacent to the dike, being 
accompanied by some CRM with further alteration of the 
mineralogy. Whether the earth1s magnetic field had 
actually changed polarity, as Blackett (1962, p. 705) 
believes the weight of evidence to suggest, or not, 
some mechanism was active to cause a reversed polarity 
to predominate in the newly aligned RM.

While generally oriented with the geomagnetic 
field of the time, the RM in areas near the dike is 
believed to have been further affected by pressure.
This time, the pressure was directed almost parallel to 
the strike of the deposit. In being drawn away from 
the pre-existing direction of magnetization, or away 
from the applied field and towards the direction per
pendicular to the stress exerted by the dike, the
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dispersion of RM exhibited within the small area could 
have resulted. Related to this interpretation,, an inter
esting observation is the relative abundance of specimens 
along Line No. 5 which have their directions of RM drawn 
somewhat parallel to the dike (Plate 6).

Since acquisition of its more stable component of 
RM, the iron mineralization in all areas of the deposit 
has almost certainly been affected to some extent by 
isothermal (IRM) or viscous (VRM) remanent magnetism. If 
actually effective at all, anhysteretic remanent magnetism 
(ARM), due to lightning flashes to the ground, has prob
ably also caused some of the dispersion recognized in the 
direction of RM. The fact that only a very few specimens 
show their RM to be aligned with the present geomagnetic 
field, however, indicates that the effect of such magneti
zation as mentioned in this paragraph has been minor.

The longitudinal trend of vertical intensity 
anomalies along the deposit, as well as the transverse 
trend recognized in the small area, are both seen to be 
essentially parallel to the principal directions of the 
remanent magnetic intensity. In turn, the direction of 
RM is closely related to the geologic structure, having 
been affected to some extent by the same forces.
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Relative Contribution of Magnetic Components 

to Gross Magnetic Features of Deposit

A general correlation between the measurements 
made on individual specimens and those acquired by field 
methods has been demonstrated. The influence of the 
remanent magnetism in controlling the gross magnetic ef
fects over the Pikes Peak- deposit has also been indicated 
in several ways. But to substantiate these interpre
tations, the small area as shown in Plate 9 was subjected 
to further detailed treatment.

Utilizing the magnetometer data obtained over the 
26 stations from which specimen Nos. 126 through 151 were 
taken, as well as the laboratory measurements made with 
these specimens, the values of vertical magnetic inten
sity listed in Table 4 were calculated. The vertical 
component of the gross total magnetic intensity as 
measured with a field magnetometer is given in Column 2. 
Columns 4, 6 and 8 list the vertical component of the 
total, remanent and induced magnetic intensity, respec
tively, as calculated from laboratory measurements. Both 
measured and calculated intensities were then reduced to 
an arbitrary datum giving the positive values shown in 
Columns 3, 5, 7 and 8 of Table 4.

In order to show more directly, and in greater
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detail, the contribution of the various magnetic compon
ents to the gross magnetic features of the deposit, the 
reduced values of Table 4 are contoured on the vertical 
intensity maps of Plate 22, Figs. 1 through. 4. By using" 
only 26 magnetometer stations in plotting the vertical 
component of the total measured magnetic.intensity in 
Fig. 1, it has the same horizontal control as the rest of 
the figures on the plate. The pronounced similarity of 
Fig. 2, showing the vertical component of the total magne
tism as computed by vector summation, to Fig. 1, is ample 
proof that values obtained by the alternate methods 
correlate. Likewise, the marked similarity of Fig. 3# 
which shows the vertical component of the intensity of 
RM over the same area, to Fig. 2, proves the total magne
tism to be controlled by the remanent component.: That 
the vertical component of the induced magnetism, con
toured in Fig. 4, is considerably weaker than that of 
the RM in Fig. 3,"is shown by there being a factor of 10 
between the contour intervals used in the two figures.

It is interesting to note,that the same general 
conclusions as indicated by the figures of Plate 22 
can be reached by considering the small area a point 
source at infinite distance and comparing the average 
values for the total, remanent and induced magnetism as 
given for the group of specimens from the area in Table A-2.



TABLE h

MEASURED VALUES PLOTTED IN VERTICAL MAGNETIC INTENSITY MAPS, SMALL AREA
(1) (2) (3) (U) (5) (6) (7) (8)

Total Remanent InducedVertical Intensity Vertical . Vertical
Intensity IntensitySpecimen Field Vector Summation Computed From ComputedNumber Measurements Laboratory Data Laboratory Data AndMeasured Plotted Computed Plotted Computed Plotted PlottedValue Value Value Value Value Value Value

* * * * * * * * ■«-> * *
126 -  5 ,i6o 23,0U0 + U31 U,95l -  117 U,U03 5U8
127 + i,Uoo 29,600 -  583 3,937 -  669 3,851 86
128 + 3,750 31,950 -2,865 1,655 -3,269 1,251 UoU
129 +25,200 53,U00 +1,6U9 6,169 +1,50U 6,02U m 5130 -  2,760 25,3U0 -  15U U,366 -  350 U,167 199
131 + 9,000 37,200 + 19 U,539 -  5 U,5i5 2U132 +io,Uoo 38,600 + 2 U,537 -  20 U,5oo 22
133 + 2,760 30,960 + 22 U,5U2 -  113 U,U07 13513it + 220 28,U20 -  652 3,868 -  699 3,821 U7
135 + 2 ,8 5 0 3i,o5o + 156 U,676 -  11 U,5o? 167136 + i,5oo 29,700 + l U,521 2 U,5i8 3
n il +10,200 38,UOO + 75 U,595 + 18 U,538 57138 -25,800 2,U00 - i ,u m 3,106 -2,155 2,365 7U113? + 1,7U0 29,9U0 -U,205 315 -U,520 0 315UiO -  3,690 U,5io -2,728 1,792 -2,918 1,602 190m i + 6 ,600 3U,800 + 68 U,588 -  15 U,5o5 83lll2 + 8,900 37,100 + 177 U,697 + 119 U,639 58
Ht3 + 8,100 36,300 + 102 U,622 + 61 U,58l Ulmu + 1,800 30,000 . -  291 U,229 -  509 U,011 218
1U5 + i,m o 29,3U0 -U,151 36? -U,2Ul 279 90m6 -  6,180 22,020 -1,99U 2,526 -2,1U2 2,378 msm? + 7,000 35,200 -  U73 U,0U7 -  810 3,710 337me + 8,100 36,300 -  507 U,013 - 666 3,85U 159m? +17,U00 U5,6oo + 65 U,585 + 3U U,55U 31i5o + 1,060 29,260 +2,309 6,829 +1,885 6,Uo5 U2U151 -28,200 0 -1,32U 3,196 -1,U72 3,0U8 . ms

^Intensity in gammas. 
Intensity in 10-5 emu/cc.
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Reverse Versus Normal Magnetism

As stated earlier, Blackett (1956, 1962) has 
pointed out the importance of trying to distinguish some 
physical difference among rocks showing normal and re
versed polarity. At the same time, Nagata (1961, p. 302) 
has mentioned that "normal" and "reversed" magnetization 
cannot be uniquely determined in rocks formed during the 
PreCambrian or Paleozoic, because there is no set polar
ity to use as reference during much of that time. Conse
quently, in this work, no arbitrary distinction has been 
made, and the directions of RM in various specimens are 
referred to only as being reversed to one another.

However, many of the graphs included herein are 
purposely plotted to differentiate between specimens 
having their RM directed above or below the horizon. 
Namely, graphs on Plates 11, 12, 18, 19 and 20 have been 
so plotted. Inspection of these graphs shows that speci
mens with their RM directed downward have the maximum 
susceptibility (Plates 11 and 19, Fig. 2), the maximum 
intensity of RM (Plates 12 and 20), and the maximum ratio 
of remanent to induced magnetism (Plate 18). On the 
other hand, the 4 specimens showing the highest specific 
gravity have their RM directed upward (Plate 19, Fig. 2 
and Plate 20). In general, though, no apparent difference



in the physical properties considered is found between the 
two oppositely directed fractions.
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CONCLUSIONS 

General Summary

Study of the gross magnetic effects over a part 
of Pikes Peak iron deposit shows that major positive and 
negative anomalies of vertical magnetic intensity trend 
along its length. Combining to give an overall Class 1 
anomaly of 38,860 gammas, both the extreme high and low 
vertical intensities generally correlate with exposures 
of the hematite-rich iron mineralization. Cause of the 
anomalies is attributed to the local abundance of magne
tite in their immediate vicinity, as well as the depth, 
attitude and shape of the steeply dipping lenticular 
bodies comprising the iron deposit.

Associated with the magnetite is a high relative 
intensity and diverse direction of remanent magnetization 
which largely controls the gross magnetic field gradient 
along its primary trend. Sharp changes in vertical 
intensity take place within a very few feet across the 
iron deposit because of the diverse direction of remanent
magnetization. Intermediate magnetic intensities and a

'gently sloping gradient are usually related to areas of
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barren schist.

Adjacent to the largest andesite porphyry dike 
cutting the zone of iron mineralization/ the anomalies of 
vertical magnetic intensity are nearly perpendicular to 
the trend recognized over the deposit in general. Detailed 
study indicates that this transverse trend in the gross 
vertical intensity is caused by the effects of temperature 
and pressure which accompanied intrusion of the dike. It 
is felt that these effects reoriented the direction of 
remanent magnetization, drawing it more nearly parallel 
to the strike of the dike. Because of its strong in
fluence on the gross magnetization, the realigned remanent 
component gives rise to the local trend of equal vertical 
magnetic intensities normal to the length of the deposit. 
Another important feature brought out by detailed investi
gation of the area next to the dike is the extreme com
plexity of the magnetic field gradient associated directly 
with the ore mineralization.

Measurements of the diurnal variation in verti
cal magnetic intensity over the steeply dipping Pre- 
cambrian country rocks flanking the iron deposit indicate 
them to have a magnetic susceptibility anisotropy re
lated to their plane of foliation. The evidence implies 
that with each minute fluctuation during the various 
periodic variations in the earth's magnetic field, the



induced magnetization within the schistose country rocks 
simultaneously increases and decreases from place to 
place. At any particular location, the induced magnetic 
intensity is considered to vary as the changing geo
magnetic field direction approaches or recedes from the 
direction of maximum susceptibility possessed by the 
local rocks.

Application of the methods of rock magnetism to 
the study of oriented specimens has demonstrated that 
both the iron mineralization and the country rocks of 
the Pikes Peak deposit have extremely inconsistent 
magnetic properties. The heterogeneity of these proper
ties is considered to be primarily related to the vari
able nature of both the siliceous iron mineralization 
within the deposit and the ferromagnetic accessory 
minerals present in the country rocks.

Within the ore specimens, magnetic suscepti
bilities range from 7 to 4,l8o x 10"5 emu/cc and average 
792 x 10“5 emu/cc. The resulting average intensity of 
induced magnetism, based on a strength of 0.53 gauss for 
the ambient geomagnetic field, is 419 x 10"*̂  emu/cc. 
Exhibiting intensities of remanent magnetism between 4 
and 43,667 emu/cc, the ore specimens average 2,792 x 10“^ 
emu/cc for this property.

In general, the directions of RM in specimens of
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ore mineralization are diverse, but declinations fall 
into two definite groups which are about l80° apart and 
closely parallel the length of the deposit. Most of the 
ore specimens from the area adjacent to the andesite 
porphyry dike have their RM directed upward, and, as just 
mentioned, drawn somewhat parallel to the dike. A certain 
stability is indicated for the remanent magnetization 
inasmuch as its orientation in the vast majority of speci
mens is not parallel to the local direction of the earth’s 
present magnetic field.

The ratio of remanent to induced magnetism in 
the ore specimens varies from 0.04 to 220.25 and 
averages 11.17. Intensities of total magnetism, calcu
lated by vector summation of the measured and induced 
components, range from 3 to 44,174 x 10“^ emu/cc in ore 
specimens, and give an average value of 606 x 10~5 
emu/cc, directed S24e , + 46°.

Though some specimens of schist were too weak 
to be measured, the others give an average susceptibility 
of 375 x 10“5 emu/cc, resulting in 195 x 10“5 emu/cc 
for the average intensity of their induced magnetism.
With an average intensity of remanent magnetism in the 
schist specimens of 114 x 10"5 emu/cc, the average ratio 
of remanent to induced magnetism for the group is 0 .58. 
Exhibiting extreme dispersion, the directions of RM
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determined for the specimens of schist are apparently 
unrelated to local structures as well as the present day 
geomagnetic field.

Comparison of the magnetic susceptibility, RM, 
and specific gravity of specimens indicates that these 
properties generally increase in magnitude with one 
another. However, for any set value of one property, 
there is a wide range in magnitude exhibited by the 
others and no steadfast relationship is evident. Addi- 
tionally, when specimens are differentiated on the basis 
of whether their RM is directed above or below the 
horizon, no distinguishable difference is noted in the 
susceptibility, ratio of remanent to induced magnetism, 
or specific gravity of the two fractions.

A definite correlation is shown between the 
gross magnetic effects as measured in the field with a 
vertical intensity magnetometer and the magnetic proper
ties as measured in specimens from the same area by _ 
laboratory methods. Such correlated measurements, as 
presented herein, provide the primary basis for con
cluding that the gross magnetism over the Pikes Peak 
deposit is largely controlled by the direction and 
intensity of the remanent magnetism within the iron min
eralization.



Ill
- Areal Distribution of Magnetic Properties

The principal trend of anomalies in vertical mag
netic intensity parallel to the length of the iron deposit 
has been mentioned above. Along this trend, the relative 
negative anomalies are fewer and less extensive than are 
the positive ones. This feature is considered to be re
lated to the high ratio of remanent to induced magnetism 
in specimens taken over the deposit, coupled with the 
fact that in about one-third of these specimens the RM 
is directed upward (negative). This conclusion is sub
stantiated to a fair degree by the correlation of field 
and laboratory measurements as shown on the Magnetic 
Intensity Profiles of the Appendix.

Going northwest across the strike of the deposit, 
the vertical magnetic intensity generally increases 
gradually until reaching the southeast exposure of iron 
mineralization. Once over the iron-rich zone, large 
changes in vertical intensity take place within extremely 
short linear distances. Then, reaching the opposite 
side, the gradient smooths out at a somewhat higher level 
than on the southeast. This generalized profile is more 
or less typical of a thin magnetic layer dipping steeply 
to the northwest in the northern hemisphere.

Concerning the areal distribution of particular
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magnetic properties, there is a rough general decrease in 
magnetic susceptibility in going from southwest to north
east through the main area treated. In going the same 
direction, however, the ratio of remanent to induced mag
netism exhibited by the iron mineralization, shows a rough. 
general increase. While both the direction and intensity 
of the remanent magnetization are so varied as to defy 
simple description, specimens taken from the southwest 
end (Line 1) and northeast center (Line 10) of the main 
area show average intensities exceeding 6,000 x 10""5 
emu/cc. On the other hand, a low average intensity of 
425 x 10“5 emu/cc is obtained:for the RM of ore specimens 
from near the northeast end (Line 13) of the area. Being 
strongly influenced by the remanent component, the re
sultant total magnetic intensity as determined from ore 
specimens has a similar areal distribution. The 
direction of total magnetism, assumed to be unilaterally 
affected by the induced component of magnetization, is, 
however, somewhat more closely oriented with the ambient 
geomagnetic field. • '

Age of Deposit

Evaluation of the remanent magnetism of specimens 
from Pikes Peak, in light of modern paleomagnetic hypotheses, 
has provided what is considered to be significant information



113
related to the age of the iron mineralization and major 
structures in the area.- A" north-seeking virtual geomag
netic pole, located at latitude 12° S., longitude 152° W., 
was calculated for specimens representing the iron min
eralization in general. For specimens taken from adjacent 
to the andesite porphyry dike cutting the iron deposit, a 
south-seeking pole at latitude 12° N ., longitude l6o° E ., 
was obtained. When viewed in relation to polar wander
ing paths established by Collinsdn and Runcorn (i960), 
the above mentioned poles fall remarkably near the path 
based on American rocks.

The position representing the ore mineralization 
in general implies that its remanent magnetization was 
acquired in the younger Precambrian, just prior to 
deposition (or induration) of the rocks of the Grand 
Canyon system. However, the directional pattern displayed 
by the remanent magnetization indicates that dispersion 
was caused at the time of its acquisition by pressure 
directed to the northwest. Since the compressional stress 
resulting in the Mazatzal revolution was principally 
directed to the northwest (Wilson, 1939, p. 1115)/ the - 
existing remanent magnetization is considered to have 
been acquired while this stress was still active.

A late Cambrian date for intrusion of the ande
site porphyry is suggested by the south-seeking virtual



geomagnetic pole obtained for specimens from adjacent to 
the dike. This pole not only plots on the established 
polar wandering path, but its polarity is consistent with 
that shown for almost all rocks of late Cambrian or early 
Ordovician age which have been paleomagnetically investi
gated.

The remanent magnetism as now exhibited by the 
iron deposit is considered to be either largely CRM, 
which accompanied alteration of the iron mineralization 
during metamorphism, or TRM, possibly acquired at the time 
of metasomatic introduction of the iron. Whichever the 
case, the stable component of remanent magnetization is 
felt to have been affected by PRM associated with the 
folding and tectonic stress of the Mazatzal revolution. 
While this implies nothing of the origin of the iron 
mineralization, it points to its being in existence before 
the orogenic forces closing the older Precambrian had 
completely subsided.

Suggestions for Further Work

The possibilities for further interesting work on 
the magnetic properties of Pikes Peak iron deposit would 
seem infinite. Most important would be evidence obtained 
from demagnetizing experiments giving thermal decay curves 
for the collected specimens. Such curves would show the
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presence of any maghemite (Nagata, 196l, p. 208), allow a 
more detailed evaluation of the history of magnetization 
of the iron minerals known to exist in the deposit and 
provide substantiating evidence for any conclusions drawn. 
Confirmation of the reliability of the pole position cal
culated for specimens next to the andesite dike might be 
obtained by determining the direction of remanent magne
tization within the dike itself. While the dike is un
exposed at the surface, suitable specimens might be 
obtained from some of the existing development drifts 
driven into the deposit. Due to the magnetic nature of 
the deposit, however, the orientation of specimens col
lected underground would have to be tied into an open 
traverse carrying reference bearings from the surface. 
Experiments made in a variable field on both the iron 
mineralization and surrounding country rocks would provide 
enlightening evidence concerning any magnetic anisotropy 
they might possess.

115



APPENDIX

MAGNETIC PROFILES 
ACROSS

PIKES PEAK IRON DEPOSIT

CONTENTS

Plates
A-l Through A-l4

Vertical Magnetic Intensity Profiles 
As Plotted From

Field Magnetometer Measurements 
and

Laboratory Measurements of Individual Specimens



9-

8 -

7 -

6

5-

4-

3

2

I -

0

I •

116
t 10,530

MAGNETIC PROFILES
LINE No. 1

BEARING N 3 0 ° W  ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY,  ARIZONA

PLATE A - l

Stations located ot each bend m curves

Line Average1
,502 X 10-5 emu/cc 

Qn= 15.64

-  DASHED CURVE IN I 0 " 5 emu/cc 
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

SOLID CURVE IN GAMMAS  
PLOTTED FROM F I E L D  
MAGN ETOM ETER DATA

------ 1—W-

6 0 0  7 0 0  8 0 0  9 0 0  1000
TRAVERSE DISTANCE SE TO NW — FEET

1300 1400 1500



1 1 7

MAGNETIC PROFILES 
LINE No. 2

REARING N 30°W ACROSS 
PIKES PEAK IRON DEPOSIT 

MARICOPA COUNTY, ARIZONA
PLATE A -2

Stations located ct each bend 
in curves

Line Average 

k = 1,143 X 10-5 emu/cc

DASHED CURVE IN I Q - 5 emu/cc  
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

SOLID CURVE IN GAMMAS  
P L O T T E D  FROM F I E L D  
M A G N E T O M E T E R  DATA

1 4 0 0 1 6 0 0

T R A V E R S E  D I S T A N C E  -  SE  TO  NW -  F E E T



118

MAGNETIC PROFILES
LINE No.3
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Line Average

k = 6 5 9  X 10-5 emu/cc 
Qn= 2.21

SOLID CURVE IN GAMMAS  
P L O T T E D  FR O M  F I E L D  
M A G N E T O M E T E R  DATA ,

DASHED CURVE IN I 0 " 5 em u/ c c  
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

1000 • 2 0 0 1400 • 6 0 0

T R A V E R S E  D IS T A N C E  - S E  TO NW -  F E E T
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MAGNETIC PROFILES 
LINE No.6

BEARING N 3 0 ° W  ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY, ARIZONA

PLATE A - 6

Stations located at each bend 
in curves

Line Average______

k = 7 6 5  X 1 0  "5 emu /cc

SOLID CURVE IN GAMMAS  
P L O T T E D  F R O M  F I E L D  
M A G N E T O M E T E R  DATA

DASHED CURVE IN I O - 5 emu/cc  
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

1300 . 14001000
T R A V E R S E  D I S T A N C E  -  S E  TO NW -  F E E T
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MAGNETIC PROFILES 
LINE No.7

BEARING N 30°W ACROSS

PIKES PEAK IRON DEPOSIT
MARICOPA COUNTY, ARIZONA

PLATE A - 7

Stations located at each bend 
in curves

Line Average 

k = 1,148 X 10-5 emu/cc
Qn= 2.16

SOLID CURVE IN GAMMAS  
P L O T T E D  F R O M  F I E L D  
M A G N E T O M E T E R  DATA

2 - —

DASHED CURVE IN I 0 * 5 e m u / c c ------'
P LOT TED  WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

5 0 0  . 6 0 0 9 0 0  1000
TRAVERSE DISTANCE -  SE TO NW -  FEE T

1200 1600
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1 2 3

MAGNETIC PROFILES

LINE No. 8
E E A R ' N G  N 3 0 c W A C R O S S  

PIKES PEAK IRON DEPOSIT  
M A R I C O P A  C O U N T Y ,  A R I Z O N A

S*at 'Cn s oca*ed » cc"  : en c

200 8 0 0 900 1000 M O O 1200 1300 1400 1500 1600
T R A V E R S E  D I S T A N C E  -  SE TO  NW -  F E E T



MAGNETIC PROFILES
LINE No.9

BEARING N 30 °W  ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY,  ARIZONA

PLATE A - 9

Stolions locotpd at each bend 
in curves

6-

Line Average 

k = 77 3  X 10-5 emu/cc

SOLID CURVE IN GAMMAS  
P L O T T E D  FROM  F IELD  
M A G N E T O M E T E R  DATA

DASHED CURVE IN IQ-s emu/cc  
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

1000 1 4 0 0

1 2 4

T R A V E R S E  D I S T A N C E  -  SE TO NW -  F E E T
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MAGNETIC PROFILES 
LINE No. 10

BEARING N30 °W ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY, ARIZONA

PLATE A -10

Stations located at each bend 
m curves

Line Average
5 -

k = 5 4 4  X IQ-5 emu/cc 
Q = 3 5 . 8 8

SOLID CURVE IN GAMMAS  
P L O T T E D  FROM F I ELD  
M A G N E T O M E T E R  DATA

97,^V
99

DASHED CURVE IN I 0 " 5 emu/cc  
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

1000 1 4 0 0 1 5 0 0 1 6 0 0

T R A V E R S E  D I S T A N C E  - S E  TO NW — F E E T
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- SOL IC  
/  PLO T  

MAGN

) CURVE  
T E D  F 
E T O M E

IN GAMMAS  
ROM F I E L D  
T E R  DATA

>  ' 

0 -

- 1-

— — —
102 h-

0 100 2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 0 0

T R A V E R S E  D IS T A N C E

1 2 6

MAGNETIC PROFILES
LINE No. II

BEARING N30 °W  ACROSS

PIKES PEAK IRON DEPOSIT
MARICOPA COUNTY,  ARIZONA

Slations locoted n! eoch bend 
in curves

DASHED CURVE IN lO*5 emu/cc 
P LO T T E D  WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

9 0 0  1000 1100

SE TO NW -  F E E T

1200 1300 1400 1500 1600



1 2 7

MAGNETIC PROFILES
LINE No. 12

BEARING N 3 0 °W  ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY,  ARIZONA

PLATE A-12

Stations located at each bend 
in curves

Line Average

k = 5 6 0  X 10-5 emu/cc

DASHE D CURVE IN 10-5 emu/cc  
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

SOLID CURVE IN GAMMAS  
P L O T T E D  F R O M  F I E L D  
M A G N E T O M E T E R  DATA

6 0 0  7 0 0  8 0 0  9 0 0  1000

TRAVERSE DISTANCE - S E  TO NW -  FEET



1 2 8

MAGNETIC PROFILES

BEARING N 30°W ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY,  ARIZONA

PLATE A-13

Stations located at each bend 
in curves

Line Average

k = 6 6 3  X IO-5 emu/cc 
Q„= 45 .24

DASHED CURVE IN IQ-5 emu/cc 
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

SOLID CURVE IN GAMMA!  
P L O T T E D  FROM F I E L D  
M A G N E T O M E T E R  DATA

IOOO 1200 1 4 0 0 1 6 0 0

T R A V E R S E  D IS T A N C E  -  SE T O  N W  -  F E E T



1 2 9

MAGNETIC PROFILES
LINE No.14

BEARING N 30 °W  ACROSS 

PIKES PEAK IRON DEPOSIT 
MARICOPA COUNTY, ARIZONA

PLATE A-14

Stations located at each bend 
m curves

Line Average

k = 4 5 3  X IO"5 ermi/cc 
Q„ = 4 . 0 5

DASHED CURVE IN 10-5 emu/cc --------x
PLOTTED WITH LABORATORY DATA 
TAKEN FROM DESIGNATED SPECIMENS

SOLID CURVE IN GAMMAS  
P L O T T E D  FROM F IELD  
M A G N E T O M E T E R  DATA

120

1000 1 2 0 0 1 4 0 0 1 5 0 0 1 6 0 0

T R A V E R S E  D IS T A N C E  -  SE TO N W -  F E E T



TABLE A-l
MAGNETIC MEASUREMENTS OF SPECIMENS FROM PIKES PEAK IRON DEPOSIT

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) d o ) ( 11 ) ( 1 2 )

S p e c i m e n S p e c i m e n M a g n e t i c I n d u c e d  M a g n e t i s m R e m a n e n t  M a g n e t i s m R e m a n e n t T o t a l  M a g n e t i s m S p e c i f i c
Number L o c a t i o n S u s c e p t i b i l i t y I n t e n s i t y D e c l i n a t i o n I n c l i n a t i o n I n t e n s i t y I n d u c e d D e c l i n a t i o n I n c l i n a t i o n I n t e n s i t y G r a v i t y

( 10-5  e m u / c c ) ( l 0” 5 e m u / c c ) ( D e g r e e s ) ( D e g r e e s ) ( 10” ^  e m u / c c ) ( R a t i o ) ( D e g r e e s ) ( D e g r e e s ) ( 10-5  e m u / c c )
1 1 4 6l O 1 , 0 8 0 :  5 6 0 42 -  1 634 1.13 33 + 2 8 1 , 0 0 9 3 . 4o
2 1 4.  615 1 , 8 2 3 9 4 7 98 -42 3 , 7 7 0 3 . 9 8 8 8 -30 3 , 3 5 4 3 . 3 5
3 - 1  +  6 2 5 l 4l 73 2 3 8 ♦54 6 , 1 2 6 8 3 . 9 9 2 3 8 *54 6 , 1 6 6 2 . 8 9
k 1  ♦  635 341 177 2 6 1 + 4l 9,520 5 3 . 8 1 2 6 l + 4i 9,595 3 . 0 2
5 1  + 1,797 933 192 + 6 0 4 3 , 6 6 7 46.82 191 ♦ 6 1 44,174 3 . 3 3
6 l  +  6 8 0 159 8 3 223 -  4 96 1 . 1 6 241 + 4 5 90 2.84
7 1  ♦  835 3,500 l ,84o 2 3 8 - 1 2 2 , 1 1 0 1.15 2 6 2 *36 1 , 9 1 6 3.51
8 l 4-  8 6 0 6o4 313 294 * 6 0 73 .23 1 4 9 * 6 3 3 7 4 2 . 7 6
9 1  + 8 7 0 4,i8o 2 , 1 7 0 243 + 1 6 2 0 , 8 8 0 9 . 6 5 245 + 2 1 20,846 3.20

1 0 1  »  945 1,190 617 46 -  6 6 8 . 1 1 1 9 6 *55 643 2 . 6 6
n 1 ♦  955 772 4oi 2 0 5 *51 55 .14 1 1 +66 424 2.97
1 2 1  + 1 0 0 0 1,133 5 8 9 241 -23 93 . 1 6 359 + 6 2 530 2 . 8 7
13 1  + 1 0 1 0 2 , 8 1 0 l , 46o 2 1 2 -77 1,403 .96 1 - 1 2 4 5 2 3.13
14 2  *  5 6 5 772 4oi 179 - 1 8 2,655 6 . 6 2 177 - 1 1 2,384 3.00
15 2  ♦  6 1 0 124 64 2 3 6 - 1 8 8 •13 2 + 6 3 59 2.73
1 6 2  ♦  6 3 0 2 , 0 0 2 l,o4o 279 * 5 2 9 0 . 2 8 343 +58 1 , 0 8 6 3 . 0 8
17 2  ♦ 6 7 5 1,843 957 304 + 5 6 3 2 7 .34 356 + 6 2 1,235 3-33
1 8 2  +  6 8 0 1 , 5 6 8 8i 4 3 0 2 +71 2 7 4 .34 2 + 6 5 1 , 0 6 1 3 . 6 1
19 2  *  8 2 0 482 250 2 7 8 -43 135 .54 333 * 6 3 3 4 3 3 . 2 2
2 0 2  «• 8 3 5 1,735 9 0 0 9 8 * 6 3 2,397 2 . 6 6 76 + 6 7 3 , 1 6 5 3 . 2 2
2 1 2  +  8 7 0 131 6 8 242 + 6 2 30 .44 350 *72 8 9 2.68
2 2 2  +  9 0 0 1,240 644 64 - 7 1,972 3 . 0 6 57 +  8 2 , 1 9 9 3.24
23 2  +  905 1 , 9 5 k 1,015 2 9 6 +21 2 , 2 8 1 2 . 2 5 3 0 8 * 3 6 2,846 3.1424 2  *  9 3 0 2 9 8 155 215 *77 5 6 .36 10 +70 199 2 . 9 7
25 2  +  975 2 , 0 5 8 1 , 0 6 8 197 -31 1 2 6 . 1 2 13 + 6 3 9 6 0 3 . 1 9
2 6 2  +  9 8 0 6 5 6 341 194 -  9 5 8 .17 13 + 6 8 307 3.14
27 3  *  6 7 5 8 5 2 442 2 7 1 *19 1 , 1 8 8 2 . 6 9 2 8 2 +35 1,340 3 . 1 6
2 8 3  +  6 8 0 1,597 8 2 8 175 - 6 0 93 . 1 1 1 6 *59 7 3 8 3.42
29 3 ♦  705 316 164 1 1 2 .  - 1 2 236 1 . 4 4 91 + 2 1 251 2 . 8 030 3  ♦  8 1 5 6 0 7 315 1 0 1 - 6 1 4,142 13.31 96 - 5 8 3, 9l l 3.0731 3  ♦  8 3 5 136 71 1 0 1 0 44 . 6 2 6 3 +46 84 3.1432 3  *  9 0 2 553 2 8 7 2 2 0 *34 490 1.71 2 3 2 + 6 1 594 3 . 1 2
33 3  ♦  9 1 0 58 30 36 *59 355 11.84 34 *59 384 2 . 7 834 3 +  955 1 , 2 8 2 6 6 6 241 +42 1 1 8 . 1 8 0 + 6 6 711 3.27
35 3 +  995 469 244 2 3 2 +58 1 0 1 .41 351 *73 3 0 8 •  2 . 9 836 3  + 2 0 2 5 1 , 7 7 2 :  9 2 0 1 8 7 - 1 8 2 , 9 6 5 3 . 2 2 185 -  2 2 , 3 6 2 3.3337 4 *  5 7 5 6 7 0 348 6 8 *57 6 6 .19 2 2 + 6 l 407 2 . 9 438 4  ♦  6 1 5 9 1 2 474 319 *35 5 8 0 1 . 2 2 336 +49 9 8 0 3 . 1 8
39 4 *  8 0 5 2 , 7 7 0 1,438 2 6 2 -39 1 , 2 6 1 . 8 8 305 +24 1,073 3 . 6 24o 4 +  8 1 5 462 240 353 *  5 50 . 2 1 7 +50 ' 2 6 3 2 . 7 84i 4 +  8 5 0 1 , 7 5 8 9 1 2 148 r  4 5 , 3 8 2 5.90 144 +  4 5,077 3 . 6 542 . 4  4  8 7 5 2 0 0 104 2 3 8 * 2 1 842 8 . 1 0 24o + 2 7 '845 3.14

43 1
8 9 5 J 1,143 1,594 2 1 9 *  2 1 , 2 6 5 2.13 2 2 6 +24 1 , 1 1 2 3 . 2 2



TABLE A-l
MAGNETIC MEASUREMENTS OF SPECIMENS FROM PIKES PEAK IRON DEPOSIT

(1) (2) (3) OO (5) (6) (7) (8) (9) do) (11) (12)
Specimen Specimen Magnetic Induced Magnetism Remanent Magnet;Lsm Remanent]| - Total Magnetism ||Specific
Number Location Susceptibility Intensity Declination Inclination Intensity 1IInduced |Declination Inclination Intensity |Gravity

(10"5 emu/cc) (10"5 emu/cc) (Degrees) (Degrees) (10-5 emu/cc)|(Ratio) |1 (Degrees) (Degrees) (10-5 emu/cc )|
4 + 935 612 318 234 -13 660 1I 2.08 245 ♦13 546 3.04

1*5 4 + 9 4 5 652 338 244 -56 112 .33 353 +55 242 3.61
46 4 + 980 278 144 8 +56 28 .19 12 +59 171 3.08
4? 4 + 9 9 0 1,864 968 83 -59 22,303 23.15 80 -57 . 21,684 3.23
48 4 + 1000 795 413 50 +73 67 . .16 16 *62 476 2.97
49 4 ♦ 1115 488 254 117 +61 26 ..10 19 +62 272 3.00
50 5 + 7 0 0 270 l4o 300 -26 272 1.94 314 0 272 2.72
51 5 + 740 1,144 594 166 - 7 286 .48 85 *73 497 3.24
52 5 ♦ 825 1,049 544 307 -13 4,371 7.89 . 310 - 6 4,401 3.49
53 5 * 850 876 455 263 +45 101 .22 355 +65 511 3-36
54 5 ♦ 915 209 109 144 ♦42 • 29 .27 36 +68 121 3.24
55 ' 5 ♦ 950 1,783 925 V 258 -20 4,712 5.09 263 -10 4,320 3.48
56 ' 5 * 975 164 85 108 -16 n 1 *?■? 1 28 +58 82 2.82
57 5 >1000 376 195 212 +12 , 476 2.44 216 +35 460 3.11
58 5 ♦ 1040 64 33 224 ♦35. 47 1.42 243 +65 61 2.94
59 6 ♦ 635 691 358 24 : ♦70 l4? .4l I 16 +62 503 2.98
60 6 + 740 1,373 713 217 ♦55 89 .12 10 +65 754 3.29
61 6 + 9 4 0 683 354 78 -50 1,603 4.53 69 -39 1,446 2.98
62 6 ♦ 960 191 99 253 +46 3,268 ; 33.02 254 . ♦47 3,315 3»l6
63 6 + 1005 1,494 776 247 +61 160 : .21 3 +66 880 3.28
64 6 + 1030 664 345 115 +67 68 .20 22 +64 398 2.95
65 6 * 1125 243 126 92 -24 880 : 6.98 87 -16 856 3.05
66 6 ♦ 1370 1,250 649 194 +47 72 : .11 14 +72 680 3.42
67 6 ♦ 1375 297 154 214 +29 7 .05 12 . +66 158 2.88
68 7 ♦ 735 534 277 206 +46 10 .04 13 +61 280 2.88
69 7 + 7 9 0 1,060 534. 68 -12 • 242 .45 38 +43 624 3.11
70 7 + 8 4 3 " 150 78 349 -33 705 9.04 350 -26 702 2.98
71 7 ♦ 950 210 109 261 +63 93 : .85 328 ♦72 185 3.04
72 7 ♦ 1015 2,474 1,285 122 *13 6,712 . 5.23. 116 - 3 . 6,381 3.26
73 7 ♦ 1050 407 211 231 +24 313 1.48 248 +55 375 3.01
74 7 * 1080 2,308 1,198 222 ♦ 9 742 .62 276 ♦73 1,205 3.47
75 7 + 1120 . 1,522 790 283 +56 159 ; .20 1 ♦63 909 2.97
76 7 + 1130 1,738 902 248 ♦10 1,96.6 2.18 260 +33 2,049 3.48
77 7 4 1160 1,077 558 259 +31 833 1.49 282 +54 1,120 3.78
78 8 4 740 171 89 .63 +24 115 1.29 48 ♦4i 3.13
79 8 4 800 634 329 . 258 . +76 10,878 33.08 261 +76 • 11,160 3.57
80 8 + 875 273 142 25 *27 2,121 14.94 24 +28 2,239 2.92
81 8 + 960 286 148 276 + 7 1,650 11.16 278 +11 1,662 3.01
82 8 ♦ 1000 165 86 . 73 ♦36 558 : 6.49 • 68 +40 622 I 3.13
83 8 + 1030 711 369 ' 250 +12 . 2,112 . 5.73 254 +21 2,107 3.19
84 8 4 1130 186 97 53 ♦31 43 ; .44 30 +52 132 3.26
85 8 + 1150 1,433 745 80 ♦ 6 702 .94 , 58 +38 1,161 3.34 :
86 8 * 1200 2,610 1,355 28 *44 808 .60 20 +54 2,137 3.19



« »

MAGNETIC MEASUREMENTS OF SPECIMENS FROM PIKES PEAK IRON DEPOSIT

TABLE A-l

(1) (2)
Specimei* Specimen I
Number Location |

87 "9 > 72588 9 * 760
89 ' 9 + 865

• 90 9 * 910
91 9 4 1045
92 9 * 1092
93 9 * nU5
9h 10 > 715
95 10 4. 765
96 10 ♦ 835
97, 10 ♦ 940
98 10 4. 950
99 10 4. 980
100 10 * 1050
101 10 + noa
102 n  ♦ 800
103 n  4. 950
104 n  * 1020
105 n  4 io4$
106 n  4 1075
107 n  4 1085
108 li 4 1090
109 ’ 12 4 680
no 12 4 750
in 12 4 815na 12 4 1035
ns 12 4 1050
n 4 - 12 4 1070
115 13 * 765n 6 13 4 805
nr 13 * 860n 8 13 4 n 4o
n 9 13 4 n50120 14 4 84o121 i4 4 980 1
122 i4 4 1010
123 i4 4 1540
12k i4 4 1555
125 i4 4 1560
126 S.A./A-l127 S.A./A- 2128 S.A./A- 3129 A» JA- 4

(3) (4 ) (5) (6) (7) (8 ) (9) (10) (H) (12)
Magnetic Induced Magnetism | Remanent MagnetjLsm Remanent Total Magnetism 11 SpecificSusceptibility Intensity Declination Inclination Intensity Induced Declination Inclination Intensity IGravity(lO-5 emu/cc) (10-5 emu/cc) (Degrees) (Degrees) (10"5 emu/cc) (Ratio) (Degrees) (Degrees) (10"5 emu/cc)

238 124 58 ! ♦67 no .89 31 464 . 229 2.86
' 783 4o6 68 -12 3,779 . 9.30 65 - 6 3,844 3.50810 421 234 •»l6 63 .15 0 *66 4l6 2.981,607 834 42 . '23 5,484 6.58 39 *27 6,127 3.56420 . 218 292 -4o 6,258 28.70 293 -38 6,153 3.641,355 . 704 286 *.22 4,888 6.95 290 ♦28 5,173 3.56201 io4 152 -15 112 1.08 125 *38 99 3.311,240 644 268 *•63 485 .75 334 ♦71 1,045 3.46262 . 136 226 *■14 8,235 . 60.51 226 ♦l4 8,213 3.1244i 229 28l *51 . 29 . .13 5 ♦62 248 I 3.24220 n 4 -$0 *28 55 .48 35 +51 158 3.20. 616 320 268 *26 222 .69 312 +59 433 3.16 ,413 2l4 252 * 8 452 2.n 265 +31 471 3.07as 423 I89 ♦35 1,813 4.29 188 ♦47 1,894 3.19342 178 216 +18 38,813 218.10 216 ♦18 38,769 3.61

J? 20 294. ♦29 59 2.95 304 +4o 71 3.07234 121 287 ♦27 , 63 .52 332 *57 158 3.40^031 535 116 -30 4,250 7.95 i n -24 3,996 3.48946 491 199 ♦31 703 1.43 202 ♦65 865. 3.57252 131 217 415 1,033 7.90 . 218 +22 1,009 2.95754 392 202 ♦10 361 .92 an +67 433 3.181,124
- -

584 240 ♦ 8 1,504 2.57 . 249 *28 1,482 3.14295 153 • 358 +39 52 .34 , 8 ♦54 201 2.96682 354 134 -4l 19,240 54.32 133 V -4o 18,933 3.86327 170 93 -19 872 5.13 87 - 9 855 3.56387 201 . 277 -37 9,064 45.08 277 -36 8,947 3.381,492 775 214 -22 21,701 28.00 214 -20 21, n 8 4.64175 91 243 : -19 106 1.16 268 +29 89 2.791,500 779 64 +46 97 .13 20 +59 861 3.10. 12 . 6 . 273 +49 20 3.33 287 +58 24 2.967 4 153 ♦68 : 881 220.25 153 +67 881 2.95 .966 502 275 ; +21 345 .69 316 +56 672 3.30831 432 67 +18 . 787 1.84 55 ♦34 1,086 3.2038 20 338 *52 28 1 .4o 351 +56 46 2.96 -519 269 63 +12 765 2.84 56 *24 929 2.87310 161 215 +61 257 1.60 245 +81 368 2.91171 89 188 +58 8 .09 l4 *64 92 2.80i,no 576 86 +28 9,664 16.78 84 ♦30 9,984 2.90567 294 178 +n 467 1.59 170 +47 869 3.271,220 633 97 -19 360 ’ .57 57 - *4i 1 654 2.89* 190 99 9? -29 1,380 13.94 96 -25 1,345 2.76900 467 84 -20 9,560 20.48 82 -17 9,507 3.39322 167 65 +65 . 1,660 9.94 60 *65 l,8i4 2.96



TABLE A-l -

MAGNETIC MEASUREMENTS OF SPECIMENS FROM' PIKES PEAK IRON DEPOSIT

(1) (2) (3) (4) (5) (6) ( j )  ' (8) (9) (10) (n) (12)
Specimen || Specimen Magnetic Induced Magnetism Remanent Magnet].sm Remanent Total Magnetism S p e c if ic

N u m b e r Location Susceptibility 
(10-5 emu/cc) Intensity (10~5 emu/cc) Declination(Degrees)

Inclination
(Degrees)

Intensity 1 
(lO-  ̂emu/cc)

Induced
(Ratio)

Declination
(Degrees)

Inclination
(Degrees)

Intensity 
(10--3 emu/cc) G ra v ity

130 S.A./B-l 442 229 67 -24 869 3V79 I 60 . -10 881- 2<93
131 S.A./B-2 55 29 105 - 2 l4l 4.86 99 4 8 142 2.84
.132 S.A./B-3 51 26 108 - 4 287 11.04 105 0 285 2.84
133 S.A./B-4 303 157 91 -13 506 3.22 82 ♦ 2 516 2.98
134 S.A./B-5 104 54 69 -13 3,107 57.55 68 -12 3,115 3.20
135 S.A./C-l 374 194 133 -l4 46 .24 4i *61 178 2.92
136 S.A./C-2 9 5 240 -42 4 .80 303 *44 3 2.73
137 S.A./C-3 128 67 115 *  6 175 2.6l 103 *23 186 3.44
138 S.A./C-4 1,650 856 82 -15 8,330 9-73 79 - 9 8,337 3.30
139 S.A./C-5 700 363 89 -32 8,530 23.49 87 -30 8,410 3.80l4o S.A./C-6 422 219 95 -50 3,810 17.39 92 -47 3,679 3.06l4i S.A./D-l 189 98 I85 - 5 183 1.87 181 • *27 150 2.89142 S.A./D-2 128 67 218 *13 533 7.95 219 419 520 3.16
143 S.A./D-3 91 47 193 *4i 94 2.00 192 *65 113 2.87144 S»A* /.D-lj* 484 251 79 -12 2,450 . 9.76 76 - 6 2,469 . 3.15 "
145 S.A./D-5 199 103 .82 -20 12,390 120.20 81 -19 12,388 3.49146 S.A./D-6 330 171 95 -37 3,560 20.81 93 . -34 3,484 3.0014? S.A./E-l 749 389 133 -66 887 2.28 100 -56 569 2.93148 S.A./E-2 353 183 102 -21 1,860 10.16 98 -16 l,8l4 3.22
149 S.A./E-3 70 36 49 +35 .60 I.67 39 -45 92 3.13150 S.A./E-4 945 490 : 56 ♦11 9,880 20:18 55 *13 10,148 3.76
151 S.A./E-5 330 171 . 59 -5 16,900 98.80 58 - 4 16,948 3.85152 1 ♦ 76 wmmmtm . j mmmmmm 2.18
153 2 * 20 9 5 285 -37 7 1.4o 309 4 1 5 2.72
154 2 ♦ 80 10 5 ——— 14 *66 5 2.99155 2 + 598 92 48 tmwmmm mmmm 14 ♦66 48 2.85156 3 ♦ 47 m+mmmm . ••m m  mm mmmmmm w mmwmmm 2.98157 3 * 200 14 7 i 4 ♦66 7 2.94158 3 + 450 —  — *»«*«» mm, ■ ■ iiw 2.78159 8 f-1500 9 5 146 +4i 87 1.80 i44 . ♦43 - 88 3.07160 8 1-1530 330 171 185 -i4 21 .12 16 +65 157 2.93161 9 >  235 ,9 5 — — 1 i4 ♦66 5 2.88162 9 41530 2,499 1,297 109 4 3 496 .38 53 ♦55 1,389 3.19163 9 *-1549 1,480 768 93 442 150 .20 29 ♦61 873 2.82164 9 41582 202 105 . 125 458 39 .37 37 ♦68 132 2.92165 • 10 >1400 966 502 72 461 314 .63 35 ♦63 793 3.20166 10 n6oo 821 426 303 447 81 .19 1 ♦61 489 3.46
1&7 11 41560 169 88 335 *4 5 . 10 .11 8 , ♦59 96 2.98168 11 41580 1 5 4 80 143 -20 4 .05 • 18 ; ♦60 77 2.99. 169 11 41598 370 192 14 ♦•34 49 .26 i4 ; ♦54 . 237 3 .1 6170 12 4 237 —— — — _ T"" |l • 1 • -  — 2.801
NOTE: Short line through column indicates attempt to measure specified property.was made, "but specimen was too weak to read.



AVERAGE MAGNETIC MEASUREMENTS OP SPECIMENS FROM PIKES PEAK IRON DEPOSIT

' TABLE A-2 : " • '

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)Group
Group

Description
Induced Remanent Magnetjism Weighted Remanent Magnetism Tol;al MagnetismSymbol

Plate
21

Magnetism 
Intensity 

(10“5 emu/cc)
Declination
(Degrees) Inclination

(Degrees)
. Intensity 
(10"5 emu/cc) Declination 

(Degrees) Inclination
(Degrees) Intensity 

(10""'> emu/cc) Declination(Degrees) Inclination(Degrees) Intensity 
(l0“-? emu/cc

1
Main Area

Line 1: Nos. 1-13 780 234 *24 6,810 222 *47
‘

5,306 225 *54 5,6l42 Line 2: Nos. 14-26 593 240 *44 818 162 *70 208 22 ♦71 7493 Line 3: Nos. 27-36 397 179 *18 972 172 -45 498 149 - 4 1794 Line 4: Nos. 37-49 503 250 *4o 2,510 112 -58 1,776 97 -49 l,4l85 Line 5: Nos. 50-58 342 226 *11 1,144 277 -17 960 287 * 1 9136 Line 6: Nos. 59-67 397 182 *65 ■ 699 217 *59 158 352 *77 4137 Line 7: Nos. 68-77 595 238 *39 1,177 152 - 8 499 116 +52 5588 Line 8: Nos. 78-86 373 30 *51 2,063 . 304 +58 1,569 315 ♦61 1,8919 Line 9: Nos. 87-93 4oi 349 ♦65 2,956 346 - 5 1,191 350 *10 1,3896,118
467

10 Line 10: Nos. 94-101 282 239 +43 6,261 217 *18 6,156 218 ♦2111 Line 11: Nos. 102-108 325 227 +20 1,138 166 -15 613 156 +1412 Line 12: Nos. 109-114 291 217 -55 4,898 195 -44 6,290 195 -43 6,011 
• 599 1,874

13 Line 13: Nos. U5-II9 344 10 +81 425 . 84 +65 277 4o +66l4 ̂ Line l4: Nos. 120-125 235 124 466 1,864 87 *28 1,736 83 *33
Lines l-l4:Nos. 1-125 453 226 +49 2,676 208 *16 1,001 212 ♦4l 1,000

A
Smal 1 Area

Line A: Nos7T26-129 341 89 - 4 3,24o m -12 2,858 81 -6 2,867
9653,308 

2,936 
. 5,678

B Line B: Nos. 130-134 99 m . -ll . 982 74 -14 957 71 - 9C Line C: Nos. 135-140 284 in -32 ' 3,482 \ 87 -28 3,377 c84 -24D Line :D: Nos. l4l-l46 123 i4o - 7 3,203 - 85 -22 2,956 84 -20E Line- E: Nos. 147-151 . 254 72 - 9 5,917 :6i - 2 5,595 60 0
Lines A-E:Nos.126-151 214 98 -15 3,368 76 -15 3,046 74 -11 3,052
All Specimens In Ore 
Lines l-l4 and A-E 
Specimen Nos. I-151 419 ' 186 *52 2,796 ' 168 ♦ 8 597 156 " +46 606

In Schist Only* 
Various Lines, l-l4 195

112
«-6o ll4 100 +37 85 35 +61 384Specimen Nos. 152-170

All Specimens Taken* 
Specimen Nos. I-I70 387 | 180 \ *55 2,612 168 4 8 . 558 II 155 +48 578

this pro^ty! % : p t % % ^ a s % ^  Col%s (3)! a o r ( H ) Sand1l2)rSen^^rIgS ̂ ' ^ ^ L S e n ^ e n ^ n c l u S
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