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DESCRIPTION OF MAP UNITS

[Descriptions are condensed from Lipman (1976) with added recent information.]
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MIOCENE ROCKS OF THE LAKE CITY CALDERA

Intrusive rocks
Tig Granite—Equigranular to porphuyritic, fine- to medium-grained,
granitic intrusions within the Lake City caldera. The dominant
type is a coarsely porphyritic granite or quartz monzonite
containing phenocrysts of K-feldspar and plagioclase. These
rocks grade into finer grained types transitional toward the
rhyolite (Tir) and quartz latite (Tig). The granites probably caused
resurgent doming of the core of the caldera
Tir Rhyolite—Plugs, sills, and irregularly shaped intrusions of silicic
alkalic rhyolite containing 10-20 percent phenocrysts of quartz,
sodic sanidine, and sparse biotite
Tiq Quartz latite—Plugs and irregular intrusions of porphyritic quartz
latite containing 10-30 percent phenocrysts of sanidine, plagio-
clase, quartz, biotite, and sparse hornblende. The hornblende is
mostly altered to chlorite
Post-caldera-collapse lava flows—Quartz latitic flows and domes,
erupted from vents along the Lake City ring fault, that accumulated
within the caldera
Tqg Quartz latite of Grassy Mountain—Single unaltered flow, as
much as 250 m thick, of porphyritic quartz latite containing
about 30 percent phenocrysts of plagioclase, sanidine, biotite,
and augite. Unconformably overlies altered quartz latite of Red
Mountain (Tqr). Remanent magnetic polarity: reverse
Tar Quartz latite of Red Mountain—Thick lava dome and flow of
porphuyritic quartz latite, petrographically similar to the overlying
quartz latite of Grassy Mountain. Core of dome is pervasively
altered to quartz-alunite assemblage. Remanent magnetic
polarity: reverse
Sunshine Peak Tuff—Rhyolitic ash-flow sheet, erupted from the
Lake City caldera, and related interlensing caldera-collapse
breccias
Tsp Ash-flow member—Silicic alkalic rhyolitic tuff containing 20-30
percent phenocrysts of quartz, sodic sanidine, and sparse biotite.
Outside the caldera tuff forms a poorly exposed, weakly welded,
ash-flow sheet no more than 50 m thick and is preserved only
where capped by basalt flows of Hinsdale Formation. In contrast,
within Lake City caldera tuff is a single multiple-flow cooling unit
more than 1 km thick in which much of rock is thoroughly indu-

rated due to dense welding and extensive propylitic alteration.

Remanent magnetic polarity: reverse. Hon and others (1983)
have recently separated the ashflow member of the Sunshine
Peak Tuff into 3 distinct zones: a lower (early) high-silica alkali
rhyolite with 76 percent SiO,, a middle rhyolite with 74 percent
SiO,, and an upper (late) quartz trachyte with 68 percent SiO,

Tspl Landslide breccia member—Local lenses of landslide debris
interlayered with upper part of intracaldera ash-flow tuff.
Individual lenses typically less than 50 m thick but may extend
laterally for 1 km or more

Tspm Megabreccia member—Chaotic large masses of precaldera rocks,
mostly intermediate-composition lava, but including some ash-
flow tuffs, that underlie the intracaldera ash-flow member of the
Sunshine Peak Tuff (Tsp) and interfinger with its lower part.
Some coherent blocks within the megabreccia are at least 100 m
across

OLIGOCENE ASH-FLOW SHEETS

Tn Nelson Mountain Tuff—Nonwelded to moderately welded quartz
latitic ash-flow sheet containing 25-35 percent phenocrysts
(plagioclase, sanidine, biotite, and augite). Remanent magnetic
polarity: normal. Thickness 0-200 m

Tnu Upper cooling subunit
Tnm Middle cooling subunit
Tw Wason Park Tuff—Nonwelded to densely welded ash-flow sheet of

low-silica rhyolite containing about 30 percent phenocrysts
(plagioclase, sanidine, biotite, and augite). Remanent magnetic
polarity: reverse. Thickness 0-40 m

Ter Carpenter Ridge Tuff —Nonwelded to densely welded rhyolitic ash-
flow sheet containing 2-5 percent phenocrysts (mainly plagioclase,
sanidine, and biotite). Remanent magnetic polarity: reverse.
Thickness 0-200 m

Crystal Lake Tuff—Rhyolitic ash-flow sheet, erupted from the

Silverton caldera, and related caldera collapse breccia
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Ash-flow member—Nonwelded to densely welded rhyolitic ash-
flow sheet containing 2-5 percent phenocrysts (mainly plagioclase,
sanidine, and biotite). Remanent magnetic polarity: reverse.
Thickness 0-200 m

Fish Canyon Tuff —Nonwelded to densely welded quartz latitic ash-
flow sheet containing about 50 percent phenocrysts (mainly
plagioclase, sanidine, biotite, and hornblende). Remanent
magnetic polarity: normal. Thickness 0-200 m

Sapinero Mesa Tuff—Rhyolitic ash-flow sheet, erupted from San
Juan and Uncompahgre calderas, and related caldera-collapse
breccia

Outflow member—Nonwelded to densely welded rhyolitic ash-
flow sheet containing 2-5 percent phenocrysts (mainly plagioclase,
sanidine, and biotite). Remanent magnetic polarity: reverse.

Thickness 0-125 m
Eureka Member (intracaldera only)—Partly welded to densely

welded tuff containing 5-10 percent phenocrysts of plagioclase,
sanidine, and biotite. Commonly has propylitic albite-chlorite-
calcite-epidote alteration in lower part. Maximum thickness
more than 800 m

Landslide breccia member—Local lenses of landslide debris
interlayered with upper part of Eureka Member. Individual
lenses are typically less than 50 m thick, but may extend laterally
for several hundred meters

Picayune Megabreccia Member—Chaotic large masses of pre-
caldera rocks, mostly intermediate-composition lavas, that
underlie the Eureka Member and interfinger with its lower part.
Some coherent blocks within the megabreccia are as much as
500 m across

Welded-tuff megabreccia member—Chaotic megabreccia within
southeastern part of San Juan caldera (southwest corner of
mapped area)

Blue Mesa Tuff—Nonwelded to densely welded rhyolitic ash-flow
sheet containing about 5 percent phenocrysts (mainly plagioclase,
sanidine, and biotite). Remanent magnetic polarity: reverse.
Thickness 0-250 m

Ute Ridge Tuff—Nonwelded to densely welded quartz latitic ash-
flow sheet containing about 50 percent phenocrysts (mainly
plagioclase, sanidine, biotite, and augite). Remanent magnetic
polarity: reverse. Thickness 0-300 m

Rhyolite of Pole Creek

Lava-flow member—Large single rhyolitic lava flow as much as
250 m thick and traceable laterally for 15 km. Finely flow-
laminated rhyolite containing 1-3 percent phenocrysts (plagio-
clase, sanidine, and biotite)

Ash-flow member—Nonwelded to moderately welded phenocryst-
poor, rhyolitic, ash-flow tuff petrographically similar to immediately
overlying lava flow. Thickness 0-35 m

LAVAS AND INTRUSIVE ROCKS OF THE
OLIGOCENE WESTERN SAN JUAN CALDERAS

Quartz latite of Rambouillet Park
Lava flows—Thick flows of quartz latite containing 20-30 percent
phenocrysts of plagioclase, biotite, and augite. Single flows
typically 10-50 m thick
Volcanics of Uncompahgre Peak—Lava flows of intermediate to
silicic composition and related volcaniclastic sedimentary rocks
within northern and eastern parts of Uncompahgre caldera
Andesite—Thin flows of dense andesite and some rhyodacite
containing 5-10 percent small phenocrysts of plagioclase and
augite
Quartz latite—Thick flow-layered flows of porphyritic quartz
latite, probably including some rhyodacite
Rhyolite—Thick flows and domes of flow-laminated phenocryst-
poor rhyolite. Includes local flow breccia and bedded tuff.
Contains 1-5 percent phenocrysts, mostly plagioclase and
sanidine and sparse biotite
Volcaniclastic sedimentary rocks—Local mudflow deposits and
tuffaceous sandstones of diverse composition
Local volcaniclastic sedimentary rocks—Mostly tuffaceous sand-
stone and shale. Maximum thickness 40 m
Silverton Volcanics—Lava flows of intermediate to silicic composition
and related volcaniclastic sediments that accumulated with and
adjacent to the San Juan and Uncompahgre calderas after their
collapse, but before subsidence of Silverton caldera
Pyroxene andesite member—Andesitic lava flows that largely
overlie the Burns Member but locally interfinger complexly with it
Porphyritic andesite—Coarsely porphyritic andesite containing
15-25 percent phenocrysts of plagioclase and augite. Thin
tabular flows averaging 10-20 m thick that occur exclusively in
northern parts of the Uncompahgre and San Juan calderas and
attain a maximum thickness of about 250 m
Aphanitic andesite—Dense andesite containing no phenocrysts
or only sparse small phenocrysts of plagioclase and augite.
Forms thicker flows than the porphyritic andesite, locally as
much as 100 m thick. Maximum thickness 300 m
Burns Member—Relatively silicic lava flows ranging from horn-
blende rhyodacite to biotite rhyolite

Tbb Biotite-quartz latite—Thick flows and domes containing
15-30 percent phenocrysts of plagioclase, biotite, and augite. At
the head of Henson Creek a single flow is at least 300 m thick

Tbh Hornblende rhyodacite—Flows and domes containing 10-20
percent phenocrysts of plagioclase, hornblende, and sparse
biotite. A single flow near the head of the Rocky Gulch is at least
250 m thick

Tbr Rhyolite—Local flow of rhyolite containing less than 5 percent
phenocrysts of plagioclase and biotite

Henson Member—Volcaniclastic sedimentary rocks that interfinger
complexly with both the Burns Member and the pyroxene
andesite member

Ths Tuffaceous sandstone—Tuffaceous sandstone containing abun-
dant grains of plagioclase, augite, and andesitic rock fragments.
Maximum thickness greater than 200 m

The Mudflow breccia—Dominantly monolithologic breccias con-
taining clasts of pyroxene andesite in a sandy matrix. Maximum
thickness 250 m

Volcanics of Lost Trail Creek—Local intermediate-composition
lava flows and volcaniclastic sedimentary rocks that interfinger
with the Ute Ridge and Blue Mesa Tuffs

Tfl Lava flows—Biotite-hornblende rhyodacite and sparsely porphyritic
plagioclase-augite andesite
Tfc Volcaniclastic sedimentary rocks—Mostly heterolithologic mud-

flow breccias containing clasts of dark andesite and rhyodacite
Intrusive rocks
Tm Monzonite—Fine- to medium-grained, equigranular to slightly
porphuyritic, intrusive rocks containing variably altered pyroxene
(commonly both orthopyroxene and clinopyroxene) and sparse
biotite. Occurs mainly as stocks and plugs; texturally transitional
into monzonite porphyry (Tmp)

Tmp Monzonite porphyry—Moderately to coarsely porphyritic intrusive
rocks having phaneritic fine-grained groundmass
Ti Porphyro-aphanitic rocks—Varied fine-grained dense rock ranging

from andesite to rhyolite. Occur mostly as dikes and small plugs

OLIGOCENE EARLY INTERMEDIATE-COMPOSITION
LAVAS AND RELATED ROCKS

Tef Lava flows—Mostly lava flows and flow breccias of aphanitic to
porphyritic andesite, rhyodacite, and quartz latite erupted from
several volcanic centers

Tec Volcaniclastic facies (San Juan Formation)—Mostly reworked
bedded conglomerates, sandstones, and mudflow breccias
containing clasts of andesite and rhyodacite. Accumulated as
clastic aprons on flanks and between penecontemporaneous
volcanoes

Intrusive rocks

Tei Andesite and rhyodacite porphyries—Mainly dikes of andesite
and rhyodacite, typically containing 10-20 percent phenocrysts
of plagioclase, hornblende, and in places biotite or pyroxene

PREVOLCANIC ROCKS

o€d Mafic dikes (Ordovician or Cambrian)—Large dikes as much as
50 m thick that occupy generally northwest-trending fractures in
the granite of Cataract Canyon. Mineralogy was originally mainly
plagioclase and augite intergrown in fine-grained diabasic
textures, but over wide areas dikes are somewhat recrystallized
to fine-grained assemblages of sericite, chlorite, albite, epidote,
and calcite

Ye Granite of Cataract Canyon (Middle Proterozoic)—Massive two-
feldspar granite or quartz monzonite. Medium- to coarse-
grained rock with local weak foliation or lineation defined by
alined tablets of microcline

Xi Irving Formation (Early Proterozoic)—Interlayered amphibolitic
and plagioclase-rich gneiss and schist; probably metavolcanic
and metasedimentary rocks

Contact—Long dashed where approximately located. Short
dashed contacts are between conspicuous lava flows within
map units

Unconformity along caldera walls—Dashed where approximately

o located; dotted where concealed
—21 '  Fault or vein—Dashed where approximately located; dotted
where concealed or occupied by intrusive rocks. Bar and ball
on downthrown side; dips shown on plane of fault
———-—-——— Block-slump fault—Hachures indicate direction of slumping.
Dashed where approximately located
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INTRODUCTION

The technique of drawing lines where the horizontal gradient of the
pseudo-gravity field has the greatest magnitude (horizontal-gradient method)
provides a fast, objective method for delineating magnetization boundaries on
aeromagnetic maps (Cordell and Grauch, 1982). This method was applied to
data from an aeromagnetic survey conducted over the Lake City caldera area
in southwestern Colorado. The resulting gradient lines and residual magnetic
intensity contours, when used in conjunction with mapped surface geology,
can provide vital information about the composition of the shallow subsurface.
However, because of the high variability in magnetization of volcanic rocks and
the rugged topography of the area, only a qualitative analysis of the magnetic
data can be obtained.

DATA REDUCTION

Aeromagnetic data were extracted and edited from the results of a survey
flown over the Lake City caldera, part of the Silverton caldera, and surrounding
areas of the San Juan volcanic field, Colorado (index map) in 1979 (High Life
Helicopters/QEB, 1981a). The survey was flown in a north-south direction at
1/3-mile spacing and draped an average of 400 ft (124 m) above ground,
although the actual ground clearance ranged from 57 to 2,123 ft (15 to 647 m)
due to the high relief in the area (High Life Helicopters/QEB, 1981b). A
geomagnetic reference field, updated to the time of the survey, was removed
from the data and a grid was produced with an interval of 0.25 km using a
computer program by Webring (1981) based on minimum curvature (Briggs,
1974). The contour lines were drawn using the computer program of Godson
and Webring (1982).

Some discrepancy exists between the projection of this map and the
geologic base map (Lipman, 1976), although both are polyconic. Lipman’s
base map was made by compiling and photographically reducing larger scale
maps, resulting in a slight error in projection.

GRADIENT LINES

Gradient lines constructed according to the method of Cordell and
Grauch (1982) represent inflection lines (the trace of inflection points in the
pseudo-gravity field in plan view) and, by inference, indicate steep or vertical
boundaries between areas of differing magnetizations. The method was
applied to this aeromagnetic data in several steps. First, the aeromagnetic data
were transformed to pseudo-gravity (Bhattacharyya, 1967; Cordell and
Taylor, 1971) using a magnetization declination of 14°E, inclination 63° and
magnetization-density ratio of 100; remanent and induced magnetization
directions were assumed to average to the same direction or the direction
directly opposing the sense of the present Earth’s field. Next, the magnitude of
the horizontal gradient of the pseudo-gravity was computed and contoured.
Lines were drawn along the ridges on the resulting map and then transferred to
the magnetic field anomaly map. Lines were dashed where the contoured
ridges were broad and poorly defined.

Magnetization boundaries, which the gradient lines represent, may or may
not coincide with geologic boundaries. There are several reasons why the
position of a gradient line may not be directly over the surface contact of a
boundary:

SAN JUAN MOUNTAINS, COLORADO

1. If the magnetization boundary is dipping, the gradient maximum is of
lesser magnitude and is shifted downdip from the surface contact by an
amount that depends on the depth-to-top-of-source, dip angle,and
depth-extent. The offset is most apparent in small study areas.

2. The superposition of the anomalies of two neighboring boundaries
may effectively shift the gradient maximum away from either of their
surface contacts.

3. If the boundary location is not well defined (for example, a gradational
contact), the location of the gradient line will be uncertain.

All existing magnetization boundaries will not necessarily be discovered
by the horizontal-gradient method. Even though a boundary exists, gradient
lines may not be definable above it for one or more of the following reasons: the
boundary is too deep; the magnetization contrast across the boundary is not
large enough; or the magnetic effect of nearby sources overwhelms the
signature of the boundary. In addition, gradient lines have a tendency to
overshoot curves and to smooth angular boundaries because here the
assumptions inherent in the method break down. Narrow anomalies, such as
dikes, may only be defined on one side because the method is limited by grid
interval size.

Not only does high-relief magnetic topography complicate interpretation
of aeromagnetic data by causing anomalies not necessarily governed by rock
magnetic boundaries, but it also complicates gradient-line interpretation.
Gradient maxima will follow the sides of topographic features even if the rocks
are everywhere uniformly magnetized, because a magnetization boundary is
always defined at the rock-air interface. The only consolation is that the
gradient maxima due to topography are usually indistinct and low in
magnitude when contoured because topographic slopes are commonly not
steeply dipping. However, the Lake City caldera area is an exception;
topographic slopes are very steep in many places. Thus, because the effect of
magnetic topography strongly obscures subsurface boundaries in the Lake
City area, the present aeromagnetic map can only be interpreted qualitatively.

DISCUSSION

The gradient lines follow mapped geologic contacts in some places.
Detailed interpretation of the lines with respect to geology is not my present
purpose because of the overwhelming problem of magnetic topography. The
following discussion represents only a qualified interpretation of aeromagnetic
boundaries that may delineate geologic features. Tentative as it is, this
interpretation would have been only barely possible without the help of the
horizontal-gradient method.

CALDERA BOUNDARIES

The Lake City caldera neighbors the Silverton caldera, which is to the
southwest, and both are nestled in an older caldera system that includes the
Uncompahgre and San Juan calderas (see index map). This caldera system is
only somewhat apparent in regional aeromagnetic data (U.S. Geological
Survey, 1972). Trends in the aeromagnetic gradients approximate the eastern
and southern sides of the Uncompahgre caldera and a large low covers the
Silverton caldera. The large broad high across the northern half of the Lake
City caldera apparent on the aeromagnetic map (discussed later under
Subsurface bodies) appears also on the regional aeromagnetic map.

' The actual boundary of the Lake City caldera can be seen better on the
interpretive aeromagnetic map using gradient lines than on the regional map.
The boundary itself is defined geologically by a ring fault on all sides except the
east, where it is defined by a remnant of topographic wall (Lipman, 1976;
Steven and Lipman, 1976). A gradient line follows the mapped southern ring
fault fairly well and circles around the caldera on the southeast, where the ring-
fracture zone becomes concealed beneath postcollapse lavas. In spite of the
offsets over the mapped portions of the ring fault, the gradient line suggests
that the fault extends northward a short distance under the lavas. There is no
gradient-line delineation of the western ring-fault, probably because the
juxtaposed units do not have a strong magnetization contrast. This lack of
contrast may also explain the absence of gradient-line delineation of the ring-
fault on the northeast side of the caldera, although introduction of postcollapse
lavas that obscure the fault and possibly an originally indistinct ring-fracture
zone are alternative explanations. The gradient line along the northern
boundary seems to be caused by a subsurface intrusive rather than by the ring
fault itself; the line will be discussed under Subsurface bodies.

SURFACE GEOLOGY

Some gradient lines crudely follow mapped geologic contacts and some
geologic units can be distinguished by anomaly pattern. The most striking
example is the quartz monzonite intrusion southeast of the Lake City caldera
(Tm and Tmp) where gradient lines are similar to the mapped contact.
Evidently the body does not extend laterally much farther than shown in
outcrop.

Gradient lines outline a large aeromagnetic low (A) near the southern and
southeastern caldera margin, from Sunshine Peak almost to Grassy Mountain.
Recent geologic work by Hon and others (1983) has revealed three
compositional zones in the upper, ashflow member of the intracaldera
Sunshine Peak Tuff (Tsp) mapped by Lipman (1976). The most mafic and
magnetic of the zones (the upper zone), which has a reverse-polarity natural
remanent magnetization (NRM) component, approximately corresponds in
mapped extent to the aeromagnetic low (K. Hon, oral commun., 1982).

Gradient lines roughly correspond to contacts between volcanic units in
the southern part of the map, but the complex geology of the area and the
unknown interference of magnetic topography make interpretations uncertain.
For instance, west of Carson, gradient lines outline two strong positive
anomalies (B) that flank a strong low. This group of anomalies shows a general
correspondence to topography. Grauch and Campbell (1984) show that
draping aeromagnetic data deepens lows in the valley of a north-south hill-
valley-hill situation having normal polarity, which strengthens the magnetic
topography hypothesis and points to the ridges as the source of the anomalies.
However, gradient lines in places cross over the ridges rather than following
them, suggesting that magnetization boundaries are only partially determined
by topography. On the other hand, the Oligocene early intermediate volcanic
rocks that apparently comprise the mountain (Tec and Tef) are not expressed
aeromagnetically everywhere else as highly magnetic normal-polarity units, as
would be expected. In fact, the correspondence of these units with a strong low
(C) north and slightly east of Cataract Lake contradicts the expectation. The
inconsistencies in the aeromagnetic signature over these geologic units reflect
the complexities of the rock compositions.

Gradient lines outline a north-south band of broad, positive anomalies (D)
slightly west of Cataract Lake. The lines roughly follow contacts between
Oligocene early intermediate lava flows (Tec and Tef) and the lava-flow
member of the rhyolite of Pole Creek (Tpr). Again, the highs correspond well to
topography but the gradient lines cross ridges in places, suggesting that the
lava-flow member of the rhyolite of Pole Creek is the main source of the
anomalies, but a magnetization boundary also exists within the topography. In
addition, the gradient line on the east side of the band of highs seems to be
following topography instead of magnetization boundaries but, without a
correction for topography, support for this suggestion remains weak.

The anomaly signature over the Precambrian granite of Cataract Canyon
(Yc) and informal members (Ts, Tse, Tsl, Tsm, and Tsw) of the Oligocene
Sapinero Mesa Tuff around the Lake City caldera’s southwest, west, and north
sides lacks character, except for the large broad negative anomaly (E) that
snakes west of Nellie Creek. This large low generally follows the valley but is
too broad to be attributed entirely to the low that would be expected in a valley
next to positive-anomaly-causing hills. This area of Sapinero Mesa Tuff may be
locally magnetic with a reversed NRM component dominating. A reversed
remanent polarity found after magnetic cleaning (Sheriff, 1975) adds some
support to this hypothesis.

In comparison to the Sapinero Mesa Tuff, units of the Silverton Volcanics
(porphyritic pyroxene andesite member, Tap, and Burns Member, Tbb and
Tbh) are associated with broad positive anomalies in the southwest, west, and
northwest. The row of positive anomalies (F) over hills of Silverton Volcanics
west of Capitol City, for example, indicates that either the induced component
of magnetization dominates or the NRM is dominated by a normal-polarity
viscous component and that the magnetic susceptibilities of the Silverton
Volcanics are high. The NRM of several samples of the porphyritic pyroxene
andesite member of the Silverton Volcanics (Tap) has normal polarity (Sheriff,
1975; R. Reynolds, written commun., 1983), and the average susceptibility at
one site is 3,350 x 107° (cgs units), although Sheriff (1975) found the
remanent magnetization (after magnetic cleaning) of the members of the
Silverton Volcanics to be reversed. The fact that the Silverton Volcanics give
rise to an aeromagnetic low at the Silverton caldera on the regional
aeromagnetic map (U.S. Geological Survey, 1972) and highs on this map
suggests that the magnetization of the units indeed is dominated by a later
normal-polarity viscous component. However, the exact relationship (if any)
between the Silverton Volcanics mapped near the Lake City caldera and those
mapped within the Silverton caldera is unclear.

The row of positive anomalies (G) in the extreme northern part of the map
is apparently associated with topography, but it is unclear which geologic unit is
the magnetic source. The units of the Silverton Volcanics are again suspect,
although members of the volcanics of Uncompahgre Peak may also be the
source.

The broad, weak, negative anomaly (H) west-northwest of Sunshine Peak
may be caused by a fresher portion of the lower zone of the ashflow member of
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the Sunshine Peak Tuff, which is weakly magnetic, but reversely magnetized.
Alternatively, it may be produced by a broad area that has lost its magnetization
through hydrothermal alteration.

Negative anomalies (I) are associated with the quartz latite of Grassy
Mountain (Tqg) just to the west of Lake San Cristobal. Here the magnetization
of the unit is apparently dominated by a strong, reversely magnetized NRM.
Preliminary field measurements confirmed this NRM polarity and indicated
that the unit was strongly magnetic. A large area of extensive alteration is
reflected by a lack of magnetic signature over the quartz latite of Red Mountain
(Tqr). Recent core-drilling on Red Mountain revealed that the extensive
alteration continues to great depth (D. Bove, oral commun., 1983). The
alteration probably also extends southward where the characteristic negative-
anomaly signature of the quartz latite of Grassy Mountain is absent. South of
Grassy Mountain, the large negative anomaly (A), which was attributed solely
to the upper zone of the ashflow member of the Sunshine Peak Tuff, as
mentioned above, lies partially over the quartz latite of Grassy Mountain (Tqg).
This part of the negative anomaly is probably due to the combined effects of
this upper zone and the quartz latite of Grassy Mountain. However, the
magnetic effect of the quartz latite contributes little to the total anomaly,
evidenced by the positive anomaly (J) of the Burns Member of the Silverton
Volcanics (Tbb) that extends over the quartz latite just to the east. Perhaps the
quartz latite is very thin at this locality. Because anomalies are present,
alteration probably is not the reason that the quartz latite has little effect on the
total anomaly, unless the quartz latite was somehow selectively altered. The
extension of the ring-fault is thus probably defined by the juxtaposition of the
Sunshine Peak Tuff and the Burns Member at depth.

SUBSURFACE BODIES

Gradient lines outline a few bodies that cannot be completely defined by
surface geology. One body lies in the valley near Capitol City and is associated
with a positive aeromagnetic anomaly (K). Gradient lines define its boundaries,
showing a coherent body about 2-3 km in diameter. Alteration and small
outcrops of intrusive rock (Lipman, 1976; Slack, 1980) indicate subsurface
intrusion; the new aeromagnetic data indicate that the small outcrops are part
of one large intrusion.

The gradient line that follows the mapped ring fault along the northern
margin of the Lake City caldera but then curves into the caldera on the east and
west probably represents the northern boundary of a partially buried resurgent
intrusive body (Hon and others, 1983; Reynolds and others, 1983) rather than
the caldera ring-fault. The resurgent intrusive body is also indicated by the
large broad aeromagnetic high in the northern portion of the caldera, the
approximate correspondence of mapped outcrops of intrusive granite (Tig) to
the aeromagnetic high, and samples of the outcrops that have normal-polarity
NRM and are magnetic relative to samples of the adjacent ashflow tuff unit.
However, the broad aeromagnetic high extends farther east than the
geologically inferred intrusion, and the gradient lines offer no help in outlining
the intrusive to the south and east. Instead, the lines seem to be following more
local magnetic contrasts within the area of the high or are defining topographic
boundaries rather than subsurface boundaries. Gravity and magnetic models
along profiles across the Lake City caldera show that the eastward extent of this
aeromagnetic high may reflect a buried intrusion that is denser and more
magnetic than the outcropping resurgent intrusion (Grauch, 1985). The
denser body is inferred to be the intrusive counterpart to the extrusive quartz
latites of Grassy Mountain and Red Mountain.

A prominent, narrow, positive anomaly (L) occurs just southeast of the
center of the caldera. The source of the anomaly must be very shallow, strongly
magnetic with an induced or normal-polarity NRM component dominating,
and narrow in shape. No obvious change in rock composition is evident (K.
Hon, written commun., 1983). Note that the gradient method was able to
delineate only one side of this body because it is narrow compared to the
interval of the aeromagnetic grid.

MAJOR TRENDS

Gradient lines generally trend east-northeast in the northwestern half of
the map. Slightly southwest of the caldera in the vicinity of Cataract Lake they
show more north-south trends, whereas lines on the southeast side of the
caldera from Carson to Lake San Cristobal exhibit a northeast trend.

The gradient-line trends closely follow the trends in the geology and
topography.The east-northeast trend aligns with the east-northeast-trending
Eureka graben system, which stretches between the Lake City and Silverton
calderas, and at a larger scale is repeated in the arrangement of the
Uncompahgre, San Juan, Silverton, and Lake City calderas (see index map).
The dominance of this trend suggests that the whole caldera complex was
controlled by deep-seated structures. The regional aeromagnetic data (U.S.
Geological Survey, 1972) only suggest these east-northeast trends.

SUMMARY

The horizontal-gradient method helped in the interpretation of aeromag-
netic data in the Lake City caldera area, although magnetic topography still
presents numerous problems for the interpreter. Gradient lines help define
magnetization boundaries that sometimes represent boundaries between
geologic units.

Gradient lines, characterization of anomaly signature for certain geologic
units, and relationship to topography were used to associate aeromagnetic
anomalies with many rock units already mapped in the Lake City caldera area,
and to identify several subsurface bodies. These bodies include a major
resurgent intrusion beneath the caldera, an inferred smaller intrusive body
near Capitol City and a narrow, shallow body in the center of the caldera. The
caldera ring-fault is clearly defined along part of its mapped extent and a
gradient line suggests that it extends a short way under postcollapse lavas. In
addition, the area of extensive alteration near Red Mountain, where a large
alunite deposit occurs, can be identified aeromagnetically; this aeromagnetic
association could be an important tool for exploration in other areas.
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