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CLASTIC DIKES OF HEART MOUNTAIN FAULT BRECCIA,
NORTHWESTERN WYOMING, AND THEIR SIGNIFICANCE

By WiLLiAM G. PIERCE

ABSTRACT

Structural features in northwestern Wyoming indicate that the
Heart Mountain fault movement was an extremely rapid, cataclys-
mic event that created a large volume of carbonate fault breccia
derived entirely from the lower part of the upper plate. After fault
movement had ceased, much of the carbonate fault breccia, here
called calcibreccia, lay loose on the resulting surface of tectonic de-
nudation. Before this unconsolidated calcibreccia could be removed
by erosion, it was buried beneath a cover of Tertiary volcanic rocks:
the Wapiti Formation, composed of volcanic breccia, poorly sorted
volcanic breccia mudflows, and lava flows, and clearly shown in
many places by interlensing and intermixing of the calcibreccia with
basal volcanic rocks. As the weight of volcanic overburden increased,
the unstable water-saturated calcibreccia became mobile and
semifluid and was injected upward as dikes into the overlying vol-
canic rocks and to a lesser extent into rocks of the upper plate. In
some places the lowermost part of the volcanic overburden appears to
have flowed with the calcibreccia to form dikelike bodies of mixed
volcanic rock and calcibreccia. One calcibreccia dike even contains
carbonized wood, presumably incorporated into unconsolidated cal-
cibreccia on the surface of tectonic denudation and covered by vol-
canic rocks before moving upward with the dike. Angular xenoliths
of Precambrian rocks, enclosed in another calcibreccia dike and in an
adjoining dikelike mass of volcanic rock as well, are believed to have
been torn from the walls of a vent and incorporated into the basal
part of the Wapiti Formation overlying the clastic carbonate rock on
the fault surface. Subsequently, some of these xenoliths were incor-
porated into the calcibreccia during the process of dike intrusion.

Throughout the Heart Mountain fault area, the basal part of the
upper-plate blocks or masses are brecciated, irrespective of the size of
the blocks, more intensely at the base and in places extending
upward for several tens of meters. North of Republic Mountain a
small 25-m-high upper-plate mass, brecciated to some degree
throughout, apparently moved some distance along the Heart
Mountain fault as brecciated rock. Calcibreccia dikes intrude
upward from the underlying 2 m of fault breccia into the lower part
of the mass and also from its top into the overlying volcanic rocks; an
earthquake-related mechanism most likely accounts for the observed
features of this deformed body.

Calcibreccia dikes are more common within the bedding-plane
phase of the Heart Mountain fault but also occur in its transgressive
and former land-surface phases. Evidence that the Wapiti Formation
almost immediately buried loose, unconsolidated fault breccia that
was the source of the dike rock strongly suggests a rapid volcanic
deposition over the area in which clastic dikes occur, which is at least
75 km long.

Clastic dikes were injected into both the upper-plate and the vol-
canic rocks at about the same time, after movement on the Heart
Mountain fault had ceased, and therefore do not indicate a fluid-
flotation mechanism for the Heart Mountain fault.

The difference between contacts of the clastic dikes with both in-
durated and unconsolidated country rock is useful in field mapping

at localities where it is difficult to distinguish between volcanic rocks
of the Cathedral Cliffs and Lamar River Formations, and the Wapiti
Formation. Thus, calcibreccia dikes in the Cathedral Cliffs and
Lamar River Formations show a sharp contact because the country
rock solidified prior to fault movement, whereas calcibreccia dikes in
the Wapiti Formation in many instances show a transitional or
semifluid contact because the country rock was still unconsolidated
or semifluid at the time of dike injection.

INTRODUCTION

General features of the Heart Mountain fault have
been described by Dake (1918), Hewett (1920), Bucher
(1933, 1940), Pierce (1941, 1957,1960), Voight (1974),
and Prostka (1978); detailed mapping of the fault and
of the areal extent of the upper plate have been pub-
lished (see fig. 1 for references). In this report attention
will be focused upon clastic dikes of the Heart
Mountain fault breccia, which furnish striking and
unusual evidence on the brief lapse of time involved in
the Heart Mountain fault emplacement process and
provide some clues on the probable mechanism of both
fault movement and dike injection.

Four major points will be developed in this report.
(1) The calcibreccia dikes intruded two quite different
kinds of country rock—Paleozoic carbonate and Ter-
tiary volcanic rocks—but apparently were injected at
essentially the same time and show a common mecha-
nism, namely, lithostatic pressure due to burial by a
rapidly accumulating cover of volcanic rocks, the
Wapiti Formation. (2) The dikes are an aid in distin-
guishing fault-emplaced from nonfault-emplaced vol-
canic rocks. (3) Their wide distribution indicates that
at least the lower part of the Wapiti Formation was
rapidly deposited over a large area. (4) The dikes con-
firm an earlier conclusion (Pierce, 1968, 1973b) that
the Heart Mountain fault movement was a cataclysmic
event and cast further doubt on some of the mecha-
nisms proposed for this fault movement.

In the course of their preparation of a geologic map of
the Pilot Peak quadrangle, Wyoming, Pierce, Nelson,
and Prostka (1973) differed as to whether the Heart
Mountain fault movement had occurred during or after
deposition of the Lamar River Formation, a name pro-
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FIGURE 1.—Map showing location of four phases of Heart Mountain fault and sites where clastic dikes of fault breccia are found. For geologic
setting and detailed location of calcibreccia dikes in northwestern part of area, see Pierce, Nelson, and Prostka (1973). GQ numbers refer to
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posed by Smedes and Prostka (1972) for the lowest vol- | map. Subsequent studies of the Heart Mountain fault,
canic rocks of northeastern Yellowstone National Park | fault breccia, and clastic dikes (for example, areas 1-3
including all rocks of the Cathedral Cliffs Formation | and 4-5, fig. 1, which Prostka (1978, p. 428) inter-
(Pierce, 1963a). These differences remained unresolved | preted as sites of fault-emplaced volcanic rocks) have
at the time of publication, and so areas with alternate | shown that the volcanic rocks are depositional over the
interpretation were designated accordingly on the | Heart Mountain fault surface of tectonic denudation.













































DESCRIPTION OF DIKES AT SPECIFIC SITES 17

no volcanic material. These occurrences of carbonate
fault breccia without volcanic material are incompati-
ble with Prostka’s spillover concept and with his con-
clusion that all of this volcanic rock is fault emplaced
as part of the Heart Mountain fault movement.

AREA 6, NEAR WHITE MOUNTAIN

In area 6, near White Mountain, calcibreccia dikes
occur in upper-plate rocks on the southwest side of the
mountain and at sites 1,900 and 2,100 m to the east-
northeast(Nelson and others, 1972, fig. 4). At the site
1,900 m away, some fragments and disconnected pieces
of igneous dike rock occur in a broken and faulted
upper-plate block of the Bighorn Dolomite. One of the
calcibreccia dikes at this locality passes through one of
the igneous dike fragments, a feature indicating that
the igneous rock is older than the clastic dike of Heart
Mountain fault breccia and evidence compatible with
the conclusion of Nelson, Pierce, Parsons, and Brophy
(1972) that some of the igneous dikes at White
Mountain are older than the Heart Mountain fault
movement. Above and to the northeast of the block
containing calcibreccia dikes in the Bighorn Dolomite,
a well-exposed high-angle fault brings the Jefferson
Formation into contact with the Bighorn Dolomite;
however, no fault breccia occurs along this fault, nor
has fault breccia similar to that in the calcibreccia
dikes been found in the numerous other high-angle
faults mapped at White Mountain. Furthermore, al-
though calcibreccia dikes occur along fractures in the
upper plate, the trends of many clastic carbonate dikes
at White Mountain are too irregular for the enclosed
carbonate material to have been fragmented by move-
ment of one side of the dike relative to the other (Nel-
son and others, 1972).

At the site 200 m farther northeast, two clasts of
dark-gray shale less than 1 m apart are enclosed in
about the middle of a calcibreccia dike in dolomitic
limestone, about 2 m thick and dipping 25° west: one is
15 cm across and well rounded, the other about 13 cm
long, 3 cm across, and well tapered at both ends. Al-
though both clasts resemble and presumably were de-
rived from the Three Forks Formation, it is not known
whether they came from the fault breccia or from the
wallrock. The dike itself pinches out about 7 m above
the clasts.

The calcibreccia dikes on the southwest side of White
Mountain are unusual in that they intrude a block of
Paleozoic rock of the upper plate that is metamor-
phosed and strongly folded in contrast to other Heart
Mountain fault blocks. This metamorphism ends ab-
ruptly downward at the Heart Mountain fault.
Rounded fragments of carbonate rock in the fault brec-

cia show that the metamorphism occurred before fault
movement. Another unusual feature of these calcibrec-
cia dikes is that they contain abundant fragments of
igneous rock. These dikes can be traced down to a thick
layer of fault breccia at the base of the upper plate that
is similarly rich in igneous fragments derived from
igneous dikes injected into the upper plate before it
was emplaced by the Heart Mountain fault movement
(Nelson and others, 1972). However, the absence of
such fragments in the shale-containing dike 2,100 m
east-northeast and in the closest body of fault breccia
600 m northeast suggests that the source of the calci-
breccia in each dike was fault breccia from within a
very limited area. If, as seems likely, the carbonate
dikes containing igneous fragments were derived from
a small body of fault breccia at the base of the upper-
plate block that contains them, then these dikes must
have have been injected after the upper-plate block
was emplaced.

AREA 7, WEST OF TROUT CREEK

Area 7 lies on the west side of Trout Creek, at the
south tip of a narrow strip of upper-plate Madison
Limestone that is bordered and partly overlapped on
the west by volcanic rocks of the Wapiti Formation,
which were deposited on the Heart Mountain fault sur-
face (the surface of tectonic denudation). The volcanic
rocks in area 7 are for the most part flow breccia but
include some lighter, hornblende-bearing polybreccia
similar to the Cathedral Cliffs Formation. The vertical
contact between the voleanic rocks and the upper-plate
block of Madison Limestone is well exposed and acces-
sible in the lower and upper parts of a steep face 100 m
high but inaccessible in the intermediate part. At the
lower exposure, lenses and stringers of calcibreccia
occur in a dike about 3 m wide, somewhat variable and
irregular in width, composed of volcanic rocks of the
Wapiti Formation (fig. 23), similar to the dikes of vol-
canic rock containing calcibreccia described in the sec-
tion “Area 1, South of Silver Gate, Montana.” (See figs.
4, 6, and 8.) The contact between this dike of volcanic
rock and the Madison Limestone is sharp but irregular
to wavy, and the adjoining limestone is not sheared or
brecciated. On the other hand, the contact between vol-
canic breccia of the dike and the Wapiti Formation is
indistinct because their compositions are much the
same, the only differences being the vague, more or
less horizontal flow lines in the Wapiti Formation, the
presence of carbonate breccia in the dike, and the steep
to vertical shears in the volcanic breccia of the dike
(fig. 24).

The calcibreccia stringers in the dike are vertically
alined and occur in a zone about 1 m wide adjacent to
the limestone. Vertical lineations and striations in the
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Ficure 23.—Cross section in area 7, on west side of Trout Creek, showing relations of a dike of the Wapiti Formation (wd) enclosing irregular
stringers of carbonate fault breccia (cb) to country rocks of the Wapiti Formation (Tw) and an upper-plate block of Madison Limestone
(Mm). Scattered dots in dike of Wapiti Formation indicate some intermixed carbonate rock. Stippled area at bottom of left diagram
indicates talus cover. Heart Mountain fault (HMf) and surface of tectonic denudation (td), which are obsured by talus, lie about 20 m

below lowermost exposure.

dike of volcanic rock are also most pronounced in this
zone. The part of this zone that could be observed and
sampled lies in the lowermost 4 m of outcrop, above
which it becomes inaccessible and apparently contains
no calcibreccia because none could be seen from a dis-
tance. Most calcibreccia stringers are irregularly
layered parallel to the dike walls (fig. 254) and are

composed almost entirely of carbonate breccia, even
near the contact with the enclosing volcanic breceia.
One irregular calcibreccia pod (upper left of enlarged
diagram, fig. 23), however, exhibits irregular wavy
bands, and the irregular, nonparallel banding is hori-
zontal to inclined rather than vertical (fig. 25B). The
presence of carbonate rock in the volcanic matrix ad-
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Voight (1974) also cited the clastic dike of fault-zone
material along the Muddy Mountain thrust in Nevada
as evidence for the former existence of high fluid pres-
sure along that fault. In a recent report, however,
Brock and Engelder (1977) proposed that these clastic
dikes are probably not related to high fluid pressure
during faulting and from several lines of evidence con-
cluded that the advance of the Muddy Mountain thrust
could not have been aided by high pore pressure.

If the premise be accepted that the calcibreccia dikes
intruded both the upper-plate and volcanic rocks of the
Wapiti Formation in the Heart Mountain fault area at
essentially the same time, then a common mechanism
for their injection seems far more likely than separate
mechanisms. The model proposed here, which would
satisfy all known constraints imposed by the observed
data, assumes that lithostatic pressure was imposed by
a rapidly accumulating overburden of volcanic rock.
The sequence of events associated with dike injection
may be reconstructed as follows. Once the surface of
tectonic denudation had been created by catastrophic
movement on the Heart Mountain fault, water-
saturated carbonate fault breccia, from 0 to 4 m or
more thick, was irregularly distributed over the fault
surface. As volcanic rock was poured out onto this land
surface, some of the calcibreccia was mixed with the
volcanic rocks, some was caught up as irregular pods
and lenses in the lower part of the Wapiti Formation,
and some remained as irregular tabular bodies at the
base of the volcanic rocks. These irregular bodies were
unconsolidated, and so an unstable condition was
formed, with the more mobile fault breccia below and
the less mobile volcanic rocks above. As deposition of
volcanic rocks continued, the smallest upper-plate
blocks were immediately buried, and the somewhat
larger ones were covered soon after. Lithostatic pres-
sure on the unconsolidated fault breccia at the base of
the upper plate increased with the thickening volcanic
cover until the cohesive strength of the overlying rock
was exceeded, and the calcibreccia was injected upward
as dikes along fractures or lines of weakness or lesser
consolidation, regardless of whether the overlying
rocks were upper-plate rocks or volcanic rocks. The de-
gree of lithostatic pressure needed to initiate intrusion
of a dike into the Wapiti Formation would have de-
pended on the degree of consolidation and the charac-
ter of the volcanic rock, as well as on the fluidity of the
calcibreccia; in some cases perhaps only a few tens or
hundreds of meters of overburden may have been suffi-
cient.

GEOLOGIC SIGNIFICANCE
OF THE CLASTIC DIKES

The calcibreccia dikes and related features affirm
some earlier conclusions regarding the Heart

Mountain fault and furnish additional data on the
events associated with the fault movement.

It has already been established that the Wapiti For-
mation was deposited on the surface of tectonic denu-
dation soon after the fault movement ceased because
the bedding-plane phase (fig. 1) of the fault has not
been altered by erosion. This conclusion can now be
extended to include the transgressive and former
land-surface phases of the fault because calcibreccia
dikes occur in these areas as well. The significance of
the dikes is that the fault breccia from which they were
derived was almost immediately buried by volcanic
rocks, otherwise it would have been eroded away.
Rapid deposition of at least the basal part of the Wapiti
Formation is now considered to have extended over the
entire 75-km-long area where calcibreccia dikes are
known to occur.

Voight (1973a, p. 118-119) stated that “*** the pres-
ence of fault breccia-derived dikes injected within glide
blocks seem to demand a fluid flotation mechanism for
the Heart Mountain structure (Voight, 1973b).” His
conclusion is based on the premise that the fault
breccia-derived dikes (calcibreccia dikes of this paper)
were injected as part of the Heart Mountain fault
movement, but he presents no evidence for this as-
sumption. Moreover, his mechanism of dike injection is
invalid because the data presented here show that the
clastic dikes were not injected as part of the fault
movement but only after this movement had ceased
and after basal rocks of the Wapiti Formation had been
deposited. Likewise, the fault breccia-derived dikes are
not indicative of the other fluid-pressure mechanisms
that have been suggested: the high-fluid-pressure
mechanism of Hubbert and Rubey (1959) or the
volcanic-gas mechanism of Hughes (1970) and Prostka
(1978, p. 435).

The calibreccia dikes are useful in conjunction with
the surface of tectonic denudation for a stratigraphic
correlation of the various volcanic rock formations. Be-
cause this surface was exposed for only a very brief
interval, the rocks deposited on it must be of the same
age. The problem that arises in using this surface for
stratigraphic correlation of the volcanic rocks is to de-
termine whether these rocks were deposited on the sur-
face or were fault-emplaced during the Heart
Mountain fault movement, that is, whether the vol-
canic rocks have a depositional or a fault contact with
the surface of tectonic denudation. If these volcanic
rocks were fault emplaced, they should follow the
well-known pattern of other upper-plate rocks and
form fault breccia composed of volcanic rock fragments.
In this case, the basal part of the rock unit in question
should also show tectonic brecciation, although opin-
ions may differ as to whether a given volcanic breccia
is of tectonic or other origin. However, the presence of
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calcibreccia bodies can help to determine whether the
rock is either depositional or fault emplaced because,
although clastic dikes occur in both types of deposits,
these dikes may exhibit differences that reflect the ori-
gin of a given rock unit. Thus, those dikes in volcanic
rocks deposited on the surface of tectonic denudation
may have a mixture of carbonate and volcanic rock in
the dike wall (figs. 4, 6-8), and the basal part of the
volcanic rock may contain lenses and irregular bodies
of calcibreccia (figs. 10, 21, 22).

SUMMARY

The salient points revealed by the clastic dikes are:

1. They are widely distributed within the area of the

Heart Mountain fault. They are more common

within the bedding-plane phase of the fault, but a

few also occur in the transgressive and former
land-surface phases of the fault.

2. They occur in the upper plate and in volcanic rocks
that were deposited very soon after movement on
the Heart Mountain fault had ceased.

3. They were intruded into the upper-plate and vol-
canic rocks at approximately the same time.

4. They confirm an earlier conclusion that the Heart
Mountain fault movement was a cataclysmic
event.

5. They were injected after movement on the Heart
Mountain fault had ceased and therefore are not
indicative of a fluid-flotation mechanism for the
Heart Mountain fault, as suggested by Voight.

6. Injection of the dikes was caused by a rapidly in-
creasing overburden of volcanic rocks that also
rapidly increased the lithostatic pressure on the
unstable fault breccia.

7. Wapiti volcanism began by rapid deposition of at
least the lower part of the Wapiti over many
square kilometers.

8. In some places where calcibreccia was abundant,
deposition of the lower part of the Wapiti was so
rapid that before the basal part was consolidated,
the lithostatic pressure on it and the unstable cal-
cibreccia became sufficient to cause both to flow
upward as a dike.

9. Differences between calcibreccia dikes in indurated
country rock and those in unconsolidated country
rock can be used as an aid in distinguishing be-
tween volcanic rocks of the Cathedral Cliffs and
Lamar River Formations that are fault emplaced
by the Heart Mountain fault movement, and the
Wapiti Formation that is depositional on the tec-
tonic surface.

10. The high permeability of the extensively brec-

ciated rocks in the lower part of the upper plate

and the separation of the upper plate into
numerous blocks and pieces indicate that the
Heart Mountain fault movement was not aided
by high pore pressure of water, air, or volcanic
gas. In my opinion, the extensive brecciation of
rock above the fault surface, which is observed to
occur immediately above a line of seismic dis-
continuity separating a lower 350-m-thick layer
predominantly of shale from an upper 500-m-
thick layer of carbonate rock, may well have
been caused by a catastrophic earthquake of ver-
tical acceleration approaching 1 g. However, it
remains possible that heat generated by rapid
movement of the upper plate produced steam
(Goguel, 1969), which helped to reduce friction
on the fault.
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