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INTRODUCTION

This study briefl y examines the physical struc ture of one 
example of the dissected scoria cones of the Mount Taylor vol-
canic fi eld, the half-sectioned cone within the East Grants Ridge 
(EGR) (Fig. 1), also known as “the Plug.” The purpose is to 
demonstrate the wealth of volcanological infor mation that may 
be gleaned from a simple exami nation of these types of exposures 
and to perform a simple test of predic tions made from current 
theories of scoria cone em placement processes using geometric 
reconstructions of cone internal struc ture.

Scoria cones are the most common type of volcano on Earth 
(Wood, 1980a, 1980b; Scarth, 1994). Despite their abundance, 
the internal struc ture of scoria cones is not well studied and the 
details of their em placement and evolution, and details of the 
general dynamics and internal struc tural complexity are poorly 
documented. The volcanic necks and partially dissected volcanoes 
within the upper drainage basins of the Rio Puerco, Arroyo Chico, 
and Rio San Jose (Johnson, 1907; Hal lett,1992; Hunt, 1938) sur-
rounding the Mount Taylor volcanic fi eld (Crumpler, 1980, 1982; 
Hunt, 1938, Lipman and Moench, 1972; Perry et al., 1991) rank 
as exceptional resources for addressing these questions. Given the 
abundance of exposures represented by the half-sectioned cones 
and vol canic necks of the Mount Taylor fi eld, numerous insights 
into the structure and morphology of small volcanoes are possible 
based on a combination of relatively basic observations and an 
appreciation of scoria cone em placement dynamics.    

PREVIOUS STUDIES

Early exploration of the Mount Taylor region noted that the 
volcanic necks and dissected cones sur rounding the fi eld were 
remarkable examples of eroded small volca noes (Dutton, 1885; 
Johnson, 1907; Hunt, 1938), These early reports helped spawn 
several studies of the magma ascent process related to the forma-
tion of volcanic necks in general (McBirney, 1959). The signifi -
cance of the EGR exposure was fi rst noted in Dutton (1885) where 
it appeared as one of the fi gures with a description. Brief discus-
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ABSTRACT.—The half-sectioned scoria cone exposed on the East Grants Ridge is an exceptional exposure because it preserves the details of 
the relationship between the near-surface and interior structure of a scoria cone and its surrounding fi eld of basalt. A geo metric reconstruc-
tion based on observations of the surface geology and exposures within the natural cross-section, together with as sumptions based on current 
knowledge of dynamics of scoria cone formation show that the East Grants Ridge scoria cone was a moderately large, fully-developed scoria 
cone that developed a deep basaltic lava pond now preserved as a columnar-jointed mass of basalt near the center of the section. The lava pond 
occupying the center of the section in turn fed a fl ow, which breached the north rim of the cone and fl owed northward and mostly westward 
and now caps the West Grants Ridge.  The concept of a lava pond is a departure from many previous interpretations that consider massive 
“plugs” to be near-surface reservoirs or widened dikes, or dike sheets. More im portantly, many of the observed characteristics within the sec-
tion agree with predictions of current scoria cone em placement theory that have other wise been diffi cult to test in the absence of a perfectly 
half-sectioned cone. 

FIGURE 1. A. Location of the East Grants Ridge and the Mount Taylor 
fi eld with respect to the late Cenozoic volcanic rocks of New Mexico 
and Arizona. B Oblique air photo of the east Grants Ridge. The bilateral 
symmetric plan shape of Black Mesa (also known as the West Grants 
Ridge) is notable. Dark lava fl ow in the lower left is the Zuni Canyon 
fl ow. North-directed view from approximately 7000 m.
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sions of the EGR scoria cone have appeared in several previous 
studies. The general geology of the EGR was outlined from a mas-
ter’s thesis study (Johnson, 1953) and ad ditional studies examined 
the petrology and age of the basalts (Basset et al., 1963; Kerr and 
Wilcox, 1963; Thaden, et al., 1967). More recently, studies have 
focused on the character istics of thermal alteration of surround-
ing rhyolitic tuffs and sediments by the central, columnar-jointed 
basaltic mass (WoldeGab riel et al., 1999) or the topaz rhyolite 
(Christiansen et al., 1983) and its surrounding tuffs (Keating and 
Valentine, 1998). A salient character istic of these studies is that 
they have been largely directed towards an assessment of either 
the overall geology of the EGR, or the underlying rhyolite tuffs 
and the adjacent topaz rhyolite dome. Oddly, a detailed evaluation 
of the half-sectioned cone in the light of emerging principals of 
physical volcanology has not been done. 

This study of the EGR scoria cone exposure re lates to the 
broader question of scoria cone emplace ment and the details of the 
eruption processes. Previous research on scoria cones has assessed 
their morphology (Wood, 1980a) and degradational evolu tion 
(Hooper and Sheridan, 1998; Wells et al., 1990), their distribu tion 
(Hasenaka and Carmichael, 1985; Connor, 1990), their eruption 
charac teristics (Foshag and Gon zalez, 1956; McGetchin, et al., 
1974), and relationship of eruption characteristics to fi nal structure 
(Gutman, 1979; Head and Wilson, 1989). Direct observations of 
the shallow vent structure, relationship of cone interiors to cone 
fl ank characteristics and lava fl ows, and general details of their 
internal com plex ity (Crumpler and Aubele, 1977; Crumpler et al., 
1994, fi g. 14) are few. More impor tantly, several predic tions about 
cone structure have been made from theoretical studies and based 
on expansion from ob served eruption parameters of Ha waiian 
erup tions and historically active basaltic vents (Head and Wilson, 
1989). The EGR section represents an opportu nity to directly 
examine the connection between the vent characteristics and the 
internal struc ture of a scoria cone and between observed structure 
of volcanic necks and the surface structure of scoria cones. 

This study picks up where studies during the early part of the 
20th century left off, when interest in volcano structure and mor-
phology was high, and when several investigations of volcanic 
necks were initially made. And it tests some of the concepts of 
scoria cone forma tion processes that have developed in the inter-
vening decades.

 
PLANIMETRIC GEOLOGIC RELATIONS

The EGR has been mapped at several scales and with varying 
detail in several previous studies of the Grants region (Johnson, 
1953; Thaden, et al., 1967). Figure 2 is a simplifi ed planimetric 
sketch map on a digital shaded relief base that outlines the princi-
pal characteristics of the surface geology, which is similar to that 
associated with individ ual cones throughout the fi eld. The central 
cone is denuded to the point where exposures of inward-dipping 
pyroclastic layers consist ing of ash, spatter, and agglomerate are 
arrayed around the margins of the former crater and underlain on 
the north by a thick basaltic lava that fl owed north and then spread 
west down the local gradient and partially to the east towards the 
saddle with the pre-existing EGR rhyolite dome. 

The fl ows that spread westward account for the mesa-capping 
fl ows constituting the West Grants ridge, or Black Mesa, near 
the town of Grants. The planimetric symmetry of Black Mesa 
is distinctive and is one of the more notable land forms visible 
in satellite images and air photos of the southern Mount Taylor 
fi eld. At a point 9 km N105°W the fl ows appear to have fanned 
out, either as a result of emergence from a confi ned drainage or 

FIGURE 2. Summary sketch maps of the principal geologic relation-
ships in planimetric view, extent of erupted basalts of the East Grants 
Ridge, the proposed extent of the original scoria cone, and the proposed 
summit crater dimensions. Approximately threee-quarters of the East 
Grants Ridge half-sectioned scoria cone (gray shaded partial circle) has 
been removed through back wasting of the mesa margins on the south 
and northeast fl anks of the original cone. The remaining section is dis-
tributed over 110° of arc about the vent region and the central columnar 
basalt mass. A. Sketch geologic map overlay on shaded digital ele vation 
model. B. Contour map of the East Grants Ridge showing the orientation 
of the geologic section lines and the ap proxi mate basal diameter of the 
mapped scoria cone (shaded area).  Additional pyroclastic deposits are 
asso ciated with a scoria cone to the immediate northeast (dashed circle 
segment, not shaded).
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valley, or as a result of an abrupt decrease in gradient existing at 
the time of eruption, possibly as a result of entering the valley of 
an ancestral Rio San Jose

Where the fl ow emerges from the vent and fl owed northward a 
short distance before diverting westward, it is sectioned along the 
east fl ank of the half-section line. Many authors have speculated 
on the precise details of the connection between scoria cones and 
the associated lava fl ows. The connec tion between the fl ows and 
the vent are continu ously exposed in the EGR.

GEOMETRY OF THE SECTION

The EGR cone is exposed on the margins of a mesa with 
irregular margins. Therefore the section is not a simple half-sec-
tion, and the orientations of the bends in section (Fig. 2b) must be 
taken into account in order to understand the vertical exposures 
in the context of scoria cone structure. The layered pyroclastic 
deposits consti tuting the fl anks of the EGR cone are half-sec-
tioned with a “bend in section” of approxi mately 110° about a 
point 10 m north of the vent centerline. (Evidence for the vent 
centerline will be described below.) The two section lines are 
oriented N33°E and N81°W. 

The central columnar-jointed basalt is a rounded, nearly quar-
ter section. The orientation of the section for the columnar basalt 
differs from that of the cone fl anks and is N33°E and N46°W. 
The columnar-jointed basalt therefore protrudes from the cone 
section plane by at least 10 m. But for purposes of simplifi ca tion 
of geomet ric analysis, in the following a single bend in section of 
approxi mately 110° about the vent centerline will be assumed.

The orientation of the sections must also be consid ered in rela-
tion to the orientation of the regional trend of fi ssure lines within 
the Mount Taylor fi eld. For example, fi ssure trends within the 
adjacent Horace Mesa are N33°E, which is typical of the orienta-
tions throughout the fi eld (Crumpler, 1980). A fi ssure line with 
this orientation passing through the apparent vent centerline is 
therefore parallel with the section line on the northeast side of the 
section, implying that the northeast side of the section represents 
a vertical exposure close to the plane of the initiating fi ssure.

DESCRIPTION OF THE GEOLOGIC SEC TION

Three types of dissected cone morphology may be defi ned 
within the Mount Taylor fi eld (Fig. 3): (1) surface dissected, 
(2) margin back wasted, and (3) denuded. Type 1 includes older 
cones within the main fi eld that have undergone erosion and 
strip ping of loose scoria, revealing the core and fl ank structure. 
Several examples of type 2 occur around the margins of the fi eld, 
includ ing Mesa Chivato (Crumpler, 1980) north of the Mount 
Taylor com posite volcano (Crumpler, 1982, 1990; Perry et al., 
1991; Hunt, 1938; Lipman et al., 1979) where the relationship 
between the denuded interior, includ ing an exposed interior of 
columnar-jointed basalt, and the surface characteristic of the cone 
are exposed on the mar gins of the plateau. In some exam ples the 
cone is almost com pletely separated from the dense columnar 
basalt that commonly occupies the interiors, and in others the 
margins of the cone are only partially back wasted on their distal 

margins. Type 3 is the basic volcanic neck where most of the 
surface cone is removed and the interior residual mass is the only 
remaining component. Even in the absence of a colum nar basalt 
unit, the relative resistance of the central core is derived from the 
more indurated interior conduit and proximal vent portions of the 
original cones, or may represent a central lava lake or dike-indu-
rated vent breccia fi lling the former crater and vent pathways. 
There are examples that also represent gradations between two of 
these three basic types. In addition, many necks consist of expo-
sures of abundant accidental materials and non-juvenile breccias, 
or mixtures of the two, implying initial phrea tomagmatic activity 
and signifi cant late tuff-breccia crater in-fi ll development in lieu 
of columnar-jointed basalt. 

The EGR is an example of type 2. Because most of the cones 
within the fi eld are old enough to have under gone type 1 exposure, 
type 2 may contain ele ments all three types, and therefore offers 
the greatest op portu nity to explore the relation ship between sur-
face expres sions of scoria cones and the near-sur face interiors. 

The EGR section (Fig. 4) exposes both the fl anks of the origi-
nal cone, the central crater, fi lled with colum nar-jointed basalt, 
and the underlying tuffs erupted earlier from the EGR rhyolite 
dome. The nearly hori zontal surface of the underlying tuffs con-
veniently pro vided a fl at surface on which the cone was erupted 
and yields a geometrically simple base for the re con struc tion and 
analysis that follows. The great contrast in color between the nearly 
white rhyolite tuff and the overlying black basaltic cinder further 
pro vides a convenient, “photogenic”, and readily visible and map-

FIGURE 3. The three types of dissected cone morphology outlined in this 
study: (1) surface dissected, (2) margin back wasted, and (3) denuded. 
The East Grant Ridge section is an example of type 2 and preserves the 
relationship between the scoria cone and the shallow interior.
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pable demar cation. The section may be dis cussed in terms of the 
cone fl anks, the structure of the columnar-jointed basalt, and the 
underlying tuffs. 

The western half of the exposed section is a “text book” expo-
sure of the accumulation profi le for near-vent scoria in a cone. This 
half of the exposed section also preserves a section of the cone 
fl anks from distal mar gins, where it is overlain by late-erupted 
basalt, to the interior of the cone where it abuts the central colum-
nar-jointed basalt and preserves the crater struc ture. Pyro clasts are 
dominantly within the size range of ash, cin der, and lapilli through-
out most of the cone section. The pyroclastic bedding planes 
within the distal cone, deline ated by variations in pyroclast size 
distribu tion and local calcareous deposits along bedding planes, 
dip uniformly outward, gradually steeping and thicken ing toward 
the vent to a rounded hump ap proximately 100 m thick. Bedding 
planes then roll over to inward-dipping orienta tions within the last 
120 m of the vent cen terline. A few bombs, many bipolar fusi form, 
and local rootless fl ows or spatter layers may be distin guished on 
the outward-dipping bedding planes, but are more frequent within 
the proximal cone section, par ticularly in the upper sections where 
bedding planes dip inward toward the vent region.

A small section of the proximal and distal fl anks is present on 
the distal northeastern section where scoria bed ding planes dip 
uniformly northeast ward away from the vent centerline. Near the 
vent region, the cone section is interrupted by uncon form able 

contact with a thick mass of basalt. The basalt contin ues uninter-
rupted to its connection with the central columnar-jointed basalt. 
This section is inter preted to preserve the path of a basalt fl ow 
where it emerged from the vent and fl owed northward over pre-
existing lower portions of the cone, most likely in a deep breach 
or channel on the north fl ank of the cone.

Immediately adja cent to the central columnar-jointed basalt 
mass, and at the base of the thick proxi mal basalt section where 
it connects with the central colum nar-jointed basalt (Fig. 5), there 
is a small section of outward-dipping scoria that is interpreted to 
repre sent the lower section of the near-vent crater rim. Pyroclasts 
in this proximal area, which represent the earliest phases of cone-
construction, are dominantly ash, cinder, and lapilli-size materials, 
similar to that seen in the western half of the distal fl anks, and there 
is a relative paucity of bombs, blocks, and spatter. The inward-dip-
ping portion of the cone section, that is well preserved on the west-
ern part of the cone section, here appears to have been replaced as 
the crater was breached during extrusion of the overlying basalt.

The central columnar-jointed basalt preserves some of the more 
un usual exposures and relations with the cone. From a distance 
the central columnar-jointed basalt appears to be a uniform mass 
that descends vertically into the underlying tuff. Examination of 
the base of the columnar-jointed basalt shows that the contact is 
visible and that the columnar basalt rests on a surface that is exca-
vated into the underlying tuffs to a depth of as much as 80 meters 

FIGURE 4. Geologic sketch map of the half-section.  The central “plug” of columnar basalt narrows to less than 2 meters in width near the base of the 
section. Most of the scoria cone layering on the south (left) side is consistent with ballistically emplaced py roclasts. A thick mass of basalt on the right 
connects the plug to surrounding lava fl ows that lie outside of the section plane behind the section.
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below the base of the cone. A nearly complete view of the geom-
etry of the contact may be seen from the south side of the colum-
nar-jointed basalt (Fig. 5). Here the contact between the columnar-
jointed basalt descends from a contact with the crater wall within 
the scoria of the cone, and into the underly ing substrate rhyolite 
tuffs. The contact decreases in dip along a cone-shaped or para-
bolic curve from nearly 60° within the cone to less than 10 degrees 
near the base of the columnar-jointed basalt. This is interpreted 
as an expo sure of the crater fl oor in which the contact between 
the base of the columnar-jointed basalt and the un derlying sub-
strate closely follows the top of the talus slope, undulates in and 
out of cover, but is otherwise com pletely traceable around the 
base of the columnar-jointed basalt. At the lowest elevation of 
the columnar-jointed basalt exposure, the horizontal separation 
be tween expo sures of the substrate is less than 2 m, implying that 
the feeding conduit for the volcano is less than two meters wide at 
this point or that the actual feeder lies further south and is covered 
by the surround ing talus. A two-meter or less width for a feeding 
conduit is entirely within the range predicted by various studies 
(e.g., Head and Wilson, 1987) for dikes feeding individual vents 
and is in agreement with ob servations regarding the width of dikes 
beneath volcanic necks in general (e.g., Hallett et al., 1999).

Within 2 to 3 m of the contact with the sub strate the outcrop tex-
ture and jointing differs from that within the rest of the colum nar-
jointed basalt and may be mapped as a relatively uniform unit. In 
detail the basalt within the contact unit appears poorly jointed and 
relatively “knobby” or lumpy. Where the colum nar-jointed basalt 
contacts the crater walls within the scoria cone, the basalt zone is 
a uniform thickness upturned slab. Locally a few large rounded 
blocks of scoria may be identifi ed within the mass of the enclos ing 
basalt. But considering the proximity to base of the basalt mass and 
location in a near-vent environment, particularly if this represents 
the crater fl oor, there is relatively little in the way of acci dental 
material, including fragments of the surrounding tuff.  Rather than 
being a breccia, the basal zone appears to be a boundary layer 
across which the columnar-jointed basalt is texturally. Immediately 
overlying this basalt contact zone, there is another zone of similar 
thickness that appears less convoluted in texture, yet does not pre-
serve the same massive jointing evident throughout the rest of the 
columnar-jointed basalt. Many columnar joints terminate at the top 
of this layer, which appears to represent a transition from the con-
torted characteristic of the basal zone and the more massive, jointed 
characteristics of the main mass of the basalt. The nature of these 
basal zones is unclear, but could represent either a thermal bound-
ary layer decou pled from the central mass of the columnar-jointed 
basalt by mixing within an original lava pond, infl ow of cooler lava 
or crater wall debris from the surface of the pond down the crater 
walls and along the crater fl oor, or an accretion zone where basalt 
was cooled during em placement and thermally detached from the 
main mass of the columnar-jointed basalt. 

Columnar joints (Fig. 5) are oriented simi larly to that seen in 
many of the freestanding volcanic necks elsewhere within the 
fi eld. The longest and most vertical columns characterize the 
central face of the exposure of columnar-jointed basalt. Near 
the upper sides of the columnar-jointed basalt, the joints are 
shorter and generally oriented at angles that are oblique with 

respect to the hori zontal. This pattern has been noted before in 
many of the more massive volcanic necks (Johnson, 1907; Hunt, 
1938) and has been interpreted by Williams (1936), and more 
recently in studies of columnar jointing in gen eral, as refl ecting 
the orientation of conductive thermal fl ux lines in relation to the 
contacts with country rock (DeGraff et al., 1989). The rotation of 
columnar joint orientations from vertical to nearly horizontal was 
proposed to refl ect the shape of the confi ning walls of a shallow 
reservoir (McBirney, 1959; Williams, 1936). In many of these 
studies the presence of a thick mass of basalt is generally inter-
preted as a shallow reservoir beneath the edifi ce. The signifi cance 
of the observa tions of columnar joint orientations at EGR is that 
the crater wall is directly visible and the principal thermal loss 
directions can be determined from observation directly and com-
pared with the orientation of joints.

There are several small details that demon strate that other 
related processes must have occurred during the emplace ment 
of the columnar-jointed basalt. For exam ple, a thin (0.5 m), hori-
zontal layer of basalt extends outward into the layering within 
the scoria from the margins of the thin upturned slab within the 
crater wall portion of the scoria cone (Fig. 6a). Two possible 
interpretations of this unusual relationship include  (1) it repre-
sents an early spatter fl ow that was an nealed and resorbed along 
its contact with the central lava pond; and (2) it represents a sill-
like offshoot from the lava pond into the layered lower structure 
of the cone. Another anomaly is present in the contact between a 
vertical dike that traverses the face of the underlying exposure of 
rhyolite tuff (Fig. 6b). The dike strikes east-west out of the plane 
of the regional fi ssure trend, probably ori ented in parallel with 

FIGURE 5. View of the south and northeast sides of the columnar basal-
tic mass near the center of the section showing that its rests on a fl oor 
of substrate and is bounded by the interior of the cone along angular 
unconformities, interpreted as a crater fl oor and walls. The contacts dip 
steeply in the upper section and shallowly near the lower part of the 
section. Inset shows steeply dip ping contact between substrate rhyolite 
tuff and the main mass of the basalt. A zone of disrupted jointing and 
partial breccia tion separates the columnar-jointed interior from the crater 
walls.
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faults identi fi ed (Thaden et al., 1967) on the West Grants Ridge, 
and connects to the upper slab. The dike under goes a short S-
curve in the vertical section where it enters the scoria at the base 
of the cone. This abrupt departure from its planar form elsewhere 
may implies de forma tion at the time of emplacement or shortly 
thereaf ter. Both the sill-like layer and this deformed dike may be 
evidence for small deformations within the upper cone section 
during emplacement of the main body of the columnar-jointed 
basalt. That intruding masses of basalt are capable of displac-
ing the fl anks of cones is well documented in many scoria cones 
(e.g., Holm, 1987), so the type of deformation suggested by these 
examples is rea sonable for the dynamic condi tions that must have 
existed during emplacement of the colum nar-jointed basalt.

The pattern of columnar jointing in the EGR section, in which 
centrally located columns are vertical and those near the upper 
surface and margins of the crater are more hori zontal, is similar 
to that postu lated for thermal fl ux line-controlled column orienta-
tions developed within a thick, enclosed cooling volume of basalt. 
Because the relationships between the cone and the central colum-
nar basalt may be directly observed in the EGR section, the central 
columnar basalt is more consistent with the interpreta tion that the 
colum nar-jointed basalt represents a large pond or semi-endog-
enous volume of basalt within an original crater extending tens of 
meters into the sub strate. This is essentially the model presented 
by Head and Wilson (1989) in which an interior, crater-fi lling lava 
pond is fed by fi re fountains and upwelling within the crater.

Scoria cone craters in mature cones that extend into the sub-
strate are not commonly considered in current models of scoria 
cone development. In the case of the EGR cone, an early vent 
enlarged and deepened a crater during the later stages of the erup-
tion. Further support for the concept of a shallow lava pond is the 
fact that the central basalt connects directly to an extruded lava 
fl ow that emerged on the north side of the vent. This mans that the 
central columnar basalt was at least as shallow as the surrounding 
surface basaltic fl ows, if not higher. Because the exact geomet ric 
arrange ment between scoria cones and hosted lava fl ows is often 
obscured in the surface by subsequent covering from either later 
re building of the cone fl anks over the exit region of the fl ows or 
by later slumping and weathering of the upper cone fl anks, the 
EGR section represents one of the clearest examples of the con-
nection between a scoria cone and its surrounding fi eld of basalt. 

The position of the rim profi le rollover visible in the section 
is also relevant to estimating the conditions of eruption during 
the initial cone-building phase. Most of the erupted pyroclasts 
accumu late within a well-defi ned range of the vent center line 
(McGetchin et al., 1974; Head and Wilson, 1989) because the 
distribution of ejecta vectors within strombolian eruptions is 
nearly vertical to within 15°. This range is defi ned princi pally by 
the ejection velocity, which in turn is controlled largely by volatile 
content of the erupting mass. Assum ing volatile contents between 
0.15 and 0.25 wt percent (water) during the initial cone-build-
ing phase of the eruption, within the range observed for modern 

FIGURE 6.  A. Horizontal basaltic layer within the scoria cone layering merges uniformly with the steeply-dipping margins of the central crater-filling 
basalt mass. B. “S”-shaped curve in late-stage basaltic dike suggests deformation during and immediately following emplacement. View also shows 
the abrupt contact between he base of the cone and the underlying rhyolite tuff.
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strom bolian eruptions (Head and Wilson, 1987), ejection veloci-
ties between 50 to 100 m/sec and mass eruption rates of 104 to 
108 kg/sec may be estimated. Expected pyroclast ejection heights 
of 100 to 300 m will result in 90 percent falling within the range 
of 40 –110 m (McGetchin et al., 1974). The apparent distance of 
the rollover from the vent centerline is 120 m. From this dimen-
sion one may estimate that volatile contents driving the eruption 
were probably within the upper range of that observed in modern 
strom bolian eruptions (Wilson and Head, 1981). Another potential 
cause for the relatively large distance from the vent centerline to 
the rollover is a greater ejection spread angle, as, for ex ample, 
might arise from slow ascent rates of magma within the conduit, 
shallow accumulation of large bubbles, and corre spondingly 
shallow fragmenta tion. The presence of bipolar fusiform bombs 
throughout the deposits and relative paucity of thick spatter layers 
and rootless fl ows within the section imply that fi re foun taining 
was less signifi cant than strong strombolian explosions.  

Expo sure of this section and the geometry of the observed pyro-
clastic deposits, par ticularly the rounded, or humped, thickening of 
the section near the vent, are signifi cant for several reasons. First, 
the location of the rollover from ventward dip ping and fl ank dip-
ping layers within the cone sec tion relia bly documents the approxi-
mate location of the initial crater rim during early cone construc-
tion. Second, the distal extent from the vent center estab lished 
the ap proximate diameter of the original cone. Third, assum ing a 
mature cone was built and that the angle of re pose was characteris-
tically 30 –33 degrees typical of sco ria cones throughout the world 
(Wood, 1980b), then the distal extent of the pyroclastic section 
enables the original cone profi le to be recon structed, along with the 
corresponding cone height and the disposition of bedding planes 
throughout the upper section of the original cone (Fig. 7). These 
characteristics may be compared with the   observed arrangements 
of bedding planes and lo cations of  py roclastic deposits observed 

within the section in order to test whether the reconstruction is a 
reason able ap proxi mation of the original cone. 

RECON STRUC TION AND TESTS

In the following the geometry of the cone structure is recon-
structed on the basis of the pa rameters out lined for the geometry 
of the section and the geo logic details mapped in the expo sures. 
The purpose here is to construct a schematic section that outlines 
the principal ge ometry of the cone, the ar rangement of the internal 
structural details in the light of what is known about the general 
ge ometry scoria cone struc ture, to sum marize the relation ships 
that may be seen in the EGR sec tion, and to relate the section to 
the original cone mor phology prior to erosion. The results pro-
vide a summary of the relation ship between general scoria cone 
structure and the detailed characteristics of the EGR section.

Assumptions made in the reconstruction are as follows: (1) 
The centerline of the vent is repre sented by the base of the colum-
nar-jointed basalt where it narrows to less than 2 m width; (2) the 
cone diameter is ap proximately 1 km as determined from the most 
distal exposures of outward-dipping scoria and from mapping on 
the surface of EGR; (3) the mature cone was circu larly symmetric 
such that a revolution of the original cone profi le about the vent 
centerline adequately repre sents the shape of the original cone; 
(4) the limiting angle of re pose (AOR) of sco ria in a mature cone 
is 33 degrees and that the cone fl anks may be projected upward 
from the distal edges along a profi le with this angle; (5) the cen-
tral crater into which the columnar-jointed basalt was emplaced 
represents a crater formed within the mature cone near the end 
of the main cone-building stage; thus the upper section of the 
cone within the proximal region of the vent was truncated along 
steeply-sloping walls that may have attained, temporar ily, angles 
of as much as 60 degrees; (6) the top of the columnar-jointed 
basalt immediately following em placement, and upper surface of 
the associated fl ow, was close to the current level exposed.

Assumption (1) is reasonable given that the distance from the 
lowest and narrowest exposure of the columnar-jointed basalt to 
the roll over point on the early cone section is well within the max-
imum range of scoria from typical strombolian eruptions. A small 
com plica tion is the presence of what appears to be a satellite cone 
on the distal eastern edge of the section, possibly repre senting 
another center of eruption along the original fi ssure. Mapping on 
the surface of the mesa shows that inward dipping spatter, ash, and 
agglomerate layers overlie the main cone but appear to underlie 
the thick extruded basalt on the far eastern edge of the section. 

Assumption (2) is based on direct observa tions of the sec-
tion and is consistent with the median dimen sion of scoria 
cones throughout the world (Wood, 1979, 1980b; Hasenaka and 
Car michael, 1985; Scott and Trask, 1971; Porter, 1972) and is 
largely established from the interaction of the maximum ejec-
tion velocity, height, and range of scoria associated with typical 
strombolian style explosions (McGetchin et al., 1974; Head and 
Wilson, 1989) and the limiting angle of repose of loose scoria.  
Assumption (3) is consistent with the mapped extent of the cone 
fl anks on the surface of the EGR. Most mature cones tend toward 
circular symmetry in the absence of prolonged devel opment of a 

FIGURE 7. Model pyroclastic structure of scoria cones based on cur-
rent model of scoria ballistic transport and deposition (McGetchin et al, 
1973; Head and Wilson, 1989). Most pyroclasts are ejected from a typi-
cal strombolian vent at angles of 15° or less from the vertical with veloc-
ities less than 100 m s-1. The accumulation is controlled initially by the 
ballistic range, followed by redistribution once the growing pile exceeds 
the angle of repose of loose scoria. Dashed line indicates approximate 
dissec tion level of EGR cone.
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fi ssure. In performing the revolution about the vent centerline, the 
current strike of the section halves are assumed, in other words, 
110 degrees of rotation. The angle is assumed for both the central 
columnar-jointed basalt and the cone. Although the columnar-
jointed basalt protrudes some what with respect to the section 
line, the results are suffi cient for comparison. Many cones within 
the Mount Taylor fi eld are elongate along presumed fi ssures, 
which are relatively uncommon in the Southwest, but most are 
circular. In addition the mapped extent of the structural crater on 
the surface of the EGR appears to agree with the assumption of 
overall circularity of the vent region. 

Assumption (4) follows from the range of uneroded cone slopes 
that lie between 25 and 34 degrees (Wood, 1980b; McGetchin et 
al., 1974). The actual value is not critical to the comparative 
analysis, but serves only to establish the maximum height of 
the cone given that the basal diameter is well- constrained. The 
height estimated from this range for the original EGR would thus 
be between 260 to 330 meters, al though values in excess of 250 m 
are relatively un common in all but the largest recent cones. 

Assumption (5) simply refl ects the fact that the ob served con-
tact of the columnar-jointed basalt mass with the proximal cone 
section is steeply dipping. Steep angles, up to 60 degrees, are 
frequently present within many scoria cone craters and are prob-
ably supported by a combination of greater induration as a result 
of proxi mal spatter and welding of scoria and truncation of the 
layered structure by crater-ex cavating explosions.

Assumption (6) is not critical to the recon struc tion, but agrees 
somewhat with the presence of a few pre served ropey structures 
and the angular and con fused-appearing basaltic outcrops near 
the upper section suggestive of near-surface deforma tion within 
a moving lava fl ow. 

The results are shown in Figure 8 as com pared with the view 
from the highway in Lobo Canyon. The view is directed N50°W 
at an angle between 10 and 20 degrees below the horizontal sur-
face of the contact between the cone and the relatively fl at-lying 
upper between the cone and the relatively fl at-lying upper surface 
of the under lying rhyolite tuff. This reconstruc tion supports the 
assumption of circular symmetry based on the good agreement 
between predicted locations of the contacts between the central 
columnar-jointed basalt and the cone on both section halves, 
and based on the agreement between the predicted and observed 
disposi tion of scoria layering in the distal fl anks on the north east. 
The other wise detached-ap pearing outward dipping layers of 
scoria on the far northeast end of the section, predicted from this 
circular rotation of the apparent cone about the vent centerline, 
are pre dicted to represent the most distal northeastern margins of 
the original AOR cone. The assumption of a 33-degree slope for 
the loose scoria is some what greater by only a few degrees than 
that actual observed within the section at that point. The result is 
also in good agreement between the predicted location of the base 
of the cone and the observed, implying that the view from the 
roadside in Lobo Canyon is slightly upward and underneath the 
basal surface of the cone. Finally, although the base of the cone 
is largely hidden beneath alluvium and talus along the base of the 
eastern section, exami nation of the sparse outcrops there show 
that the contact between the rhyolite tuff and scoria is approxi-

mately where the geometric reconstruction predicts that it should 
occur. As a further note, small outcrops of outward dipping scoria 
in this area of the mesa fl anks that were originally inter preted as 
small slump blocks of the cone displaced downward over the rhy-
olite tuff, are implied from the reconstruc tion to be in place. This 
interpretation was reexamined subsequent to the above analysis 
and found to be in agreement with additional small outcrops that 
may be traced throughout this part of the mesa slopes.

FIGURE 8. Geometric and geologic reconstruction of the East Grants 
Ridge scoria cone following application of the assumptions discussed 
in the text. A. Oblique view of reconstructed cone from above. B. Same 
reconstruction, but from angle of section view as seen in Lobo Canyon. 
C. Reconstruction superimposed on image of section. Bedding planes 
within the ballistic cone (left, proximal cone) and angle-of-repose 
(AOR) cone (right, distal margins) are consistent with the predictions 
of the reconstruction. The original cone is estimated to have been 1 km 
in basal diameter and 250 m in relief. The upper one-half of the cone 
fl anks, consisting essentially of the AOR cone, have been removed by 
surface erosion.
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SUMMARY OBSERVATIONS AND RECON STRUCTED 
GEOLOGIC HISTORY

Several observations and deductions may be made from the 
above reconstruction. First, the rather large size of cone is impres-
sive compared with the current level of its current level of preser-
vation. The height of approxi mately 250 m in the reconstruction 
implies that between one-half and two-thirds of the original verti-
cal relief has been removed by subsequent erosion during inter-
vening the 2.6 Ma (Basset et al., 1963). Second, this study sup-
ports the concept that the central basaltic masses common to the 
volcanic necks of the Mount Taylor fi eld are best interpreted as 
lava ponds occupying central craters rather than near-surface res-
ervoirs, widened feeder dikes, or intrusive sheets. The sheer mass 
of the original lava pond that developed columnar-jointed basalt 
is impressive, given that the perimeter of the current exposure 
repre sents less than one-third of the originally circular crater-fi ll-
ing basalt volume. The recon struction offers some further insight 
into the actual geometry of volcanic necks elsewhere within the 
Mount Taylor fi eld with respect to their original cones. It is easy 
to envision that complete back wasting of the surround ing basalts 
and cone would lead to a free-standing, otherwise uneroded mas-
sive colum nar-jointed basalt much like those throughout the Rio 
Puerco valley. And fi nally, this brief study shows that additional 
insights into the nature of scoria cones can be gained through 
some simple geometric recon structions. This follows in part from 
the more or less regular structure of scoria cones in general and 
the corre spond ing ability to make predictions based on current 
theory of scoria cone physical processes. These predic tions may 
be tested through direct obser vation of exposures.

Based on observations of the surface geol ogy and the natural 
cross-section, together with the recon struc tion, the East Grants 
Ridge scoria cone appears to have followed an evolutionary path 
typical of many scoria cones. Initial eruption likely took place from 
a short fi ssure, which subsequently built a surrounding cone of bal-
listically emplaced scoria. Continued strom bolian activity built a 
mature cone in which, once the rim height exceeded approximately 
150 m, the angle of repose of loose scoria controlled further fl ank 
develop ment. At this point the cone was well on its way to devel-
oping a mature profi le. Local welded spatter layers and possible 
rootless fl ows imply some alterna tion between strom bolian activity 
and less explosive hawai ian style erup tions. Upper-gradation in the 
proximal cone to more bomb-rich and agglomeratic layers implies 
strong explosive activity later in cone building, possibly includ-
ing short excursions into more vulcanian activity. Some evidence 
for the latter is the fact that at or near the maximum develop ment 
of the mature cone, a pro nounced central crater developed either 
as a result of late, stronger strombolian or vulcanian explosions. 
An alternative is that upwelling of large volumes of basalt within 
the vent widened the vent through direct traction with the con-
duit effectively excavating large blocks of the substrate during 
em placement. Considering the large volumes of basalt that appear 
to have been erupted, and that now cap the West Grants ridge 
(Black Mesa), the later interpretation is an interesting possibility, 
if not currently demonstrated or otherwise docu mented in existing 
studies of volcano near-surface conduits.

 During emplacement of the lava fl ows, the north fl ank of the 
cone was breached, possibly through rafting of large segments 
of the cone fl ank through infl ation of the proximal lava and out-
ward expansion of the fl ow. Part of the pathway for this basalt 
is exposed in the northeast half of the sec tion. Radially-directed 
static pressures were likely at a maximum at this point in time, 
leading not only to failure of the northern cone fl anks, but also 
possibly to internal deformation and local injections of lava 
within the cone. These are preserved as thin layers within the 
cone directly con nected with the central basalt mass. It is envi-
sioned that the resulting geometry with respect to the main cone 
was analogous to that at Capulin Volcano (Sayre et al., 1995) and 
Paricutin Volcano (Foshag and Gon zalez, 1956) where late stage 
bocas developed into thick infl ated lava masses protruding from 
the lower fl anks of the cone feeding surrounding fi elds of basalt.

The great diversity of scoria cone structure and eruption 
details throughout the world suggests that there are many varia-
tions on the basic theme of scoria cones in general, ranging from 
entirely constructional evolution ary paths to complex arrange-
ments involving building and subsequent destruction, overlap-
ping vents, bilaterally - rather than circularly - symmetric fi ssure 
cones, signifi  cant early or late stage phreatomagmatic modifi ca-
tions, and so on. The EGR cone appears to be relatively “text 
book-like” in that many of the construc tional features are pre-
served and late events only par tially modifi ed the original cone. 
The EGR geologic section offers a more general ized view of 
scoria cones that may be applicable to understanding the general 
process of scoria cone formation.
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