RESEARCH ARTICLE VOLCANICA

Subsurface structure of St. ElImo submarine volcanic mound
(Austin, Texas) and its volcanic conduits imaged
using geophysical methods

Mustafa Saribudak*

Environmental Geophysics Associates, Austin, Texas, USA.

ABSTRACT

Geophysical survey techniques including electrical resistivity imaging and magnetics were utilized to study the
late-Cretaceous submarine volcanic mound of St. Elmo railroad cut located in south Austin, TX. The St. Elmo site
cut exposes a sequence of late Cretaceous volcaniclastic rocks in contact with carbonate rocks. Resistivity imaging
results provided subsurface evidence that the St. Elmo submarine mound has high resistivity limestone blocks
scattered randomly within the resistivity sections. These limestone blocks are interpreted to be erratic blocks of
Austin Chalk, which were probably torn from the walls of the volcanic conduits (vents) and ejected. Magnetic
anomalies correlate well with the resistivity anomalies, strengthening the interpretation of the resistivity data.
Resistivity results from the residential site, not far from the St. Elmo volcanic mound, are interpreted as a conduit
which is similar to the conduit anomalies observed on the St. Elmo railroad cut site.

OzeT

Austin, Teksas’da St. Elmo caddesini kesen trenyolu civarinda bulunan Ust Kretase denizalti volkanik ho-
yuk mostralarinda jeofizik (6zdiren¢ ve manyetik) yontemler uygulanmistir. Bu St. Elmo mevkiisinde, volkano-
sedimenter kayaclar, genellikle tiiff, yine Ust Kretase yasli kirectaslari ile kontakt halinde gozlenmistir. Iki boyutlu
ozdireng kesitler, yliiksek 6zdirencli kirectasi bloklarinin diisiik 6zdirengli volkanik hoyiik (tiiff) icerisinde rastgele
bir bi¢imde dagildiklarini gostermistir. Bu kiregtasi bloklari, biiyiik bir olasilikla, denizalt1 volkanik yanardag ba-
calarinin puskiirmesiyle baca duvarlarindan koparilmis ve tiiffler igerisine atilmislardir. Manyetik veriler de bu
degerlendirmeyi desteklemektedir. St. Elmo hoytgiine yakin olan bir yerlesme birimi civarinda (ev) yapilan 6zdi-
ren¢ caligmalar1 da benzeri sonuglar vermistir.
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INTRODUCTION

as "serpentine plugs", are part of a period of distributed

Near-surface geophysical imaging is used in a wide
range of volcanic settings to understand the internal st-
ructure of volcanic centers and the nature of volcanic
deposits [e.g. Courtland et al. 2012; Barde-Cabusson et
al. 2013; Di Giuseppe et al. 2017; Saribudak and Caran
2015; Saribudak 2016; Blaikie et al. 2014; Di Giuseppe
et al. 2015; George et al. 2015; Marshall et al. 2015].
In this study, electrical resistivity imaging is used to
resolve near-vent structures. Electrical imaging has a
specific capability to resolve subsurface features of the
buried volcanic deposits based on electrical resistivity
contrasts in some volcanic deposits.

Such electrical resistivity contrasts occur in the Cre-
taceous strata of Austin Chalk of south-central Texas,
where they contain electrically conductive (low resisti-
vity) volcanic domes or mounds [Ormond 1984; Young
et al. 1982]. These volcanic mounds, referred to locally
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monogenetic volcanism [Valentine and Connor 2015]
exposed in the Austin area and elsewhere in the Balco-
nes Magmatic Province (BMP) [Ewing and Caran 1982;
Griffin et al. 2005; Caran et al. 2012, and see Figure 1].
Within this province there are approximately 200 oc-
currences of igneous outcrops emplaced during the de-
position of the Austin Chalk. These bodies consist of
shallowly emplaced igneous structures associated with
vents, and pyroclastic rocks and lavas erupted on the
now-deeply eroded and sub-aerially exposed shallow
Cretaceous seafloor. These outcrops tend to align along
NE-SW regional faults and fractures of the Balcones fa-
ults of the Miocene age (~20 Ma). Thus, this distributed
volcanic field is of interest because it is among the yo-
ungest volcanism found in the south-central USA, is as-
sociated with a major tectonic feature that was active
long after the cessation of volcanism, and provides an
opportunity to study the geophysics of vents formed in
a shallow marine environment.
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Figure 1: Maps showing the Balcones Magmatic Pro-
vince and the Balcones Fault Zone, and the study area
(modified after Saribudak [2016]). The Balcones Mag-
matic Province is defined by the surface extent of Cre-
taceous igneous rocks.

Previous geologic mapping and stratigraphy [Ewing
and Caran 1982; Caran et al. 2012], have demonstrated
that these tuff mounds have all the hallmarks of small-
volume submarine volcanic vents [Kano 1998; Koke-
laar and Busby 1992; Mueller 2001; Schneider 2000],
including shallow diatreme structures in which Austin
Chalk is brecciated and reworked, tuff-ring structures,
remobilized palagonitized tuff as gravity currents (sub-
marine lahars), and intrusive features (dikes, small sills
and conduits, as shown in Figure 2).

In this study, a volcano-sedimentary section was
mapped at the St. Elmo railroad cut, which was previo-
usly identified as a submarine tuff mound [Moon 1942;
Caran et al. 2012]. Both resistivity imaging and magne-
tic methods were used. The purpose of these geophysi-
cal surveys was to image the near-vent volcanic facies,
especially their relationship to the Austin Chalk limes-
tone [Young et al. 1982; Young and Woodruff 1985]. Ge-
ophysical data of submarine vents (conduits) is unders-
tandably sparse, so the St. Elmo site provides an excel-
lent opportunity to study the vent structure in a now
terrestrial setting.

In addition, three resistivity profiles were surveyed
on eastern and western sides of a residence located
about 360 m to the northwest of the St. Elmo site. The
house was recently built on a small hilltop. We were hi-
red to characterize the subsurface in terms of geology
and geological structure to help assess the foundation’s
integrity. Resistivity results helped identify the volca-
nic rocks around the house, which improved our un-
derstanding of the vent system comprising St. Elmo
volcanic mound.
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2 PREVIOUS GEOPHYSICAL WORK

Since the volcanic mounds were first described in the
Balcones Magmatic Province (BMP) by Udden and Bybe
in 1916, significant hydrocarbon traps have been exp-
loited in and around tuff mounds. Magnetic surveys
over tuff mounds led directly to the discovery of si-
milar oil fields, such as Hilbig, Jim Smith, Yoast, and
Chapmon-Abbott fields in Texas [Collingwood 1930;
Collingwood and Rettger 1926; Matthews 1986, and
see Figure 3]. The integrated geophysical work on Pi-
lot Knob, a volcanic vent in south Austin, included the
application of magnetic and gravity methods, such as
the study published by Romberg and Barnes in 1954
(Figure 3). In that seminal study, gravity and magne-
tic data were collected along several traverses with sta-
tion spacing of 700 m in some sections and 1,400 m
in others. The results revealed strong positive gravity
and magnetic anomalies over the central basalt mass,
and weaker anomalies caused by attendant flows and
dikes. They also concluded that “serpentinized” pyroc-
lastic rocks show weak, negative anomalies.

More recently, resistivity and magnetic data were col-
lected along two profiles across Pilot Knob [Saribudak
and Caran 2015], which is located about 10 km to the
southeast of the current study area (Figure 3). Both the
resistivity and magnetic data together indicate signi-
ficant anomalies, which were interpreted to be due to
volcanic features: a conduit, a dike and a crater. They
also indicate the large tuff mound is cut by faults. More
geophysical results (2D and 3D resistivity and magne-
tics) over the known outcrops of tuff and lava at the
Williamson Creek site revealed a volcanic vent [Saribu-
dak 2016]. Results of these geophysical studies [Saribu-
dak and Caran 2015; Saribudak 2016], for the first time,
revealed the presence of volcanic features that included
vents, dikes and craters. This study is the extension of
those previous studies, with particular emphasis on the
structures of tuff mounds.

3 GEOLOGICAL BACKGROUND

The Austin Chalk Group lies within the Balcones Fa-
ult Zone, and outcrops in the Austin area. This unit
comprises all of the surface geology, other than volca-
nic rocks. Young and Woodruff [1985] categorized the
Austin Chalk Group into seven formations, which are
identified in ascending order as: Atco, Vinson, Jonah,
Dessau, Burditt, Pflugerville and Sprinkle (Table 1).
The Late Cretaceous volcanic rocks of the Austin area
are part of a larger belt of volcanic and intrusive bo-
dies that stretches over 400 km in a wide arc from the
southwest to northeast in the state of Texas. Within
this belt, igneous rocks were either erupted or intruded
into a shallow epicontinental sea during deposition of
the Austin Chalk. Thus, exposure of volcanic rocks in
the Austin area and elsewhere in the BMP results from
the interplay between submarine volcanic eruption and

Page 254



VOLCANICA

2(2): 253 -268. por: 10.30909/vor.02.02.253268

NO
o\'
v oy

Coarse-grained tuff remains
close to volcanic vent

eruption . asive

sea floor lahar deposits
Slumping of soft
limey sediment

Volcanic
ash cloud

°® ﬂOngolng eruption

P

@) Shallow-water
limey sediment

Redeposited =
shallow-water _

Bed of volcanic ash
(deposited beyond mound)

~—Fragment of bedrock

Figure 2: A schematic model of an erupting BMP submarine volcano and its near-vent architecture (modified
after Caran et al. [2012]).

erosive sedimentary processes associated with subma-
rine tuff complexes during the Upper Cretaceous time
[Ewing and Caran 1982; Griffin et al. 2005].

In the railroad cut below St. Elmo road, palagonitized
tuff outcrops are believed to have erupted from a ne-
arby volcanic edifice [Caran et al. 2012, Figure 4]. The
majority of the volcanic outcrop consists of pyroclas-
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Figure 3: Map showing the current study area, William-
son Creek and Pilot Knob sites, and volcanic oil fields
(modified from Saribudak and Caran [2015]).
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tic deposits, including brown lapilli tuff comprised of
poorly sorted tephra, some layers of altered ash and li-
mestone clasts [Caran et al. 2012]. Clasts of limestone
are present at all levels in the tuff, and they range in
size from around 1 to 25 cm. The lapilli tuff at this loca-
tion is interpreted to result from an eruption-fed den-
sity current on the basis of the presence of low angle
cross-bedding, and intercalation of ash layers [Shelby
1934; Moon 1942; Caran et al. 2012]. The limestone
clasts indicate near-vent deposition and sufficient exp-
losive energy to erode the conduit wall.

Thus the depositional environment of the St. Elmo
railroad cut area was geologically interpreted to be the
central part of a tuff mound. Several layers of interlaye-
red ash and tephra deposits with limestone clasts and
lapilli tuff sections observed within the tuff mound rep-
resent an eruptive cycle of a volcano near the tuff mo-
und [Caran et al. 2012].

A detailed geologic map of St. Elmo Bridge and
surrounding area was published first by Young et al.
[1982], and is redrawn in Figure 5. The geological map
shows St. Elmo railroad cut and the residential site on
the map with letters of A and B, respectively.

A thick sequence of tuff (20 m) exposed around the
South Austin Hospital during its construction is shown
on the map. The site falls into the Balcones Fault Zone
(BFZ), and there is a significant fault between the St.
Elmo site and the residential site, which are indicated
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Figure 4: Tuff mound outcrop beneath the bridge [A] and the contact between Austin Chalk and tuff units [B] on
the west and east faces of the St. Elmo railroad cut, respectively.

on Figure 5 as A and B, respectively. The Williamson
Creek site, where similar geophysical work was also un-
dertaken a few years ago, is marked by C [Saribudak
2016].

4 GEOPHYSICAL SURVEYING METHODS

4.1 Resistivity method

The electrical resistivity method inolves imaging the
bulk electrical resistivity distribution of the subsurface
in two, three, or four dimensions (the three dimensi-
ons of space plus time when monitoring is performed)
from the meter to hundreds of meter scale depending
on the electrode spacing [Hermans et al. 2014]. Resis-
tivity has been well documented in the geophysical li-
terature [Loke 2000; Dahlin and Loke 1998; Griffiths
and Barker 1993; Bruno et al. 2007; Saribudak 2016].
Resistivity values ((Qm) measured by the method are
highly affected by several variables, including the pre-
sence of water or moisture, the amount and distribution
of pore space in the material, and temperature [Rucker
and Glaser 2015]. In this study, the Advanced Geoscien-
ces, Inc. (AGI) SuperSting R1 and R8 resistivity meters
were used with a dipole-dipole electrode array. Compa-
red to other arrays, this array is more sensitive to hori-
zontal variations in the subsurface and, when the data
are inverted, provides a 2D resistivity model that can
be interpreted in terms of near-surface geology and ge-
ological structure.

A contact resistance test was performed before data
collection. Contact resistance measures the resistance
to current flow at electrodes caused by imperfect elect-
rical contact with the earth. Poor data quality or anoma-
lous data can result from high or highly variable elect-
rode contact resistance along a profile. To decrease the
effect of contact resistance along each profile a saltwa-
ter solution was added to each electrode before the con-
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tact resistance test was performed. Typical contact re-
sistance for profiles varied between 100 and 250 . Se-
ven resistivity profiles were surveyed in the study area,
on and off, between the years of 2013 and 2019.

A 2D inversion of the resistivity imaging profile was
obtained using AGI’s 2D EarthImager commercial sof-
tware [EarthImager™ 2014]. A topographic correction
was applied to the resistivity profile where needed. The
final output, which is the inverted section, represents
the result of an iterative process that tends to minimize
the difference between measured and calculated resis-
tivity values. The Root Mean Squared (RMS) error gives
a measure of this difference. In this study, RMS values
of six inverted resistivity sections range between 3 and
8, and the seventh profile has a RMS value of 11. These
are acceptable results, being of the same magnitude of
the values that characterize inversion of data collected
in volcanic environments [Bruno et al. 2007; Loke 2000;
Xia et al. 2010; Di Giuseppe et al. 2017; Saribudak and
Caran 2015; Saribudak 2016].

4.2 Magnetic method

The magnetometer measures magnetic field. The unit
of measurement for the magnetometer is the nanoTesla
(nT). In this study, a Geometrics G-858 Cesium mag-
netometer was employed in the collection of the data
along profiles P5, P6, and P7 which are located on the
western and eastern parts of the site, respectively (Fi-
gure 6). The collection rate of the magnetic data was
10 Hz, which corresponds to better than one data point
every 0.3 m along the magnetic profiles. A base station
was established in the vicinity of the site to record the
daily variations of Earth’s external magnetic field. The
magnetic survey time was less than 30 minutes, and
there were no significant diurnal variations. For this re-
ason, a diurnal correction was not applied to the mag-
netic data. A low-pass filter was applied to the magnetic
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Figure 5: A geological map of the study and surrounding areas. The map is based on the original map published
by Young et al. [1982]. Note that a significant fault of the BFZ is crossing south of the residential site (B).

data to reduce noise.

The site presented challenging conditions for the
magnetometer surveys due to the presence of some fen-
ces, roads with busy traffic, the bridge, and the railroad
track. However, the locations of magnetic profiles were
a minimum distance of 13 m from the railroad tracks,
which did not appear to have any significant effect on
the magnetic readings. The presence of the bridge did
affect the readings, and these anomalous data were re-
moved from the dataset along profile P5. The locations
of profiles P6 and P7 were restricted to south of the
bridge only. A strongly enforced ferrous property fence
further to the north on the eastern part of the railroad
track made data collection there impossible. Thus we
stayed in the southern section, and the only challenge
to the quality of the magnetic data being collected there
was the road traffic. To avoid potential interference, the
magnetometer was paused approximately 30 m before
any car drove by. In addition, we collected the magne-
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tic data in two directions (north to south and south to
north); both datasets were comparable, indicating that
the effect of ambient noise was not significant.

5 GEOPHYSICAL SURVEYING RESULTS

5.1 St. Elmo

Four resistivity profiles (P1, P2, P3, and P4) and three
magnetic profiles (P5, P6, and P7) were surveyed at the
site. Locations of the geophysical profiles are shown on
a site map (Figure 6A) and on a detailed, schematic ge-
ological map of the site, which shows the locations of
late Cretaceous volcaniclastic and carbonate rocks of
Austin Group (Dessau Chalk) where they are in a ge-
ological contact (Figure 6B).

The geological contact is interpreted as fault between
the volcaniclastic rocks and the Austin chalk by Caran
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Figure 6: Locations of geophysical profiles on a site map [A] and on a schematic geological map of the St. Elmo
site [B]. The geological map was published in Caran et al. [2012]. Note that all profiles (except P6 and P7) extend
in the southern and northern directions beyond the map boundaries.

etal. [2012] (see Figure 6B). The azimuth of this fault is
considerably more northerly than that of most Balcones
faults in this area, and the westerly dip of the fault is
opposite to the faults of the Balcones system [Caran et
al. 2012].

Two resistivity profiles (P1 and P2) were established
to the immediate East and West of the railroad tracks
beneath St. Elmo Bridge. The spacing between the pro-
files was 8 m, and the electrode spacing was held at 6
m on both profiles. A train runs every few hours, and
extra caution was taken while working at this locality.
For this reason, contact resistance through the rails was
not measurable. Because the trains always sound their
horns, we were able to shut the resistivity meter long
before the train arrived at our survey location in order
to avoid anomalous electrical measurements. We res-
tarted the survey after the train disappeared from the
view.

The third and fourth resistivity profiles (P3 and P4)
were located in the northern section of St. Elmo Bridge
above the railroad track in the western and eastern
parts of the site, respectively. The electrode spacing was
held at ~2.5 m on both surveys. Note that both profiles
are located higher (2.5 m) and farther (8 m) from the
railroad tracks (see Figure 6A for location).
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5.1.1 St. EImo Resistivity Profiles

Figure 7 shows the resistivity data collected along the
West (P1) and East (P2) of St. Elmo railroad track, res-
pectively. The two profiles are separated by about 8 me-
ters. Locations of the contact between the boundaries of
Austin Chalk and pyroclastic rocks, as well as the first
and last piers of the bridge of St. Elmo Road are also
shown on resistivity profiles as reference points.

It has been previously shown that railroad tracks
have an effect on the apparent resistivity data [Wilkin-
son 2006]. Apparent resistivity measurements made in
proximity to a rail track with any type array configu-
ration are likely to be reduced by preferential current
channeling through the conductive rails, with greater
distortion of the data at larger depths of investigation.
The effect is minimized, however, for the dipole-dipole
configuration, which is therefore recommended for re-
sistivity surveys undertaken parallel to conductive ra-
ils [Wilkinson 2006]. Despite the presence of railroad
tracks, the quality of the resistivity data on both profi-
les of P1 and P2, based on their RMS values, is good to
excellent.

Lower and upper resistivity values of both profiles
are fixed similarly so that a correlation between the
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Figure 7: Resistivity profiles of P1 and P2 obtained from the western [A] and eastern [B] side of St. Elmo railroad
track, respectively (see Figure 6 for locations). Boundaries of exposed pyroclastic and limestone outcrops, the
contact, and most southern and northernmost bridge piers are shown for reference purposes.

two can be made correctly. Low resistivity values (5
to 15Qm), which are shown in blue on Figure 7 and
correspond to the pyroclastic outcrops in the field, co-
ver the majority of the resistivity profile P1. There are
high resistivity blocks within the pyroclastic rocks to
the north of the geological contact. The contact, which
is interpreted to be a fault by Caran et al. [2012], se-
parates low resistivity rocks (pyroclastic or tuff) in the
North from the moderate resistivity rocks (limestone)
in the south superficially. However, this separation is
only valid at the surface because an irregular limestone
block of significant size extends in the vicinity of the
contact and terminates against tuff (see white-dashed
line in Figure 7A). In return, tuff underlying the limes-
tone outcrop continue across the contact and ascend,
with an irregular geometry (Figure 7A). Overall, the re-
sistivity data along P1 indicates a tuff mound, which
is shown with the blue (low resistivity) color along the
profile, which extends as deep as ~35 m.

The resistivity data along profile P2, which is located
8 m to the east of profile P1, is provided in Figure 7B.
Profile P2 indicates more chaotic distribution of low,
medium and high resistivity values. The geological con-
tact appears to separate pyroclastic rocks (low resisti-
vity) in the north from the carbonate rocks (medium
to high resistivity), but it is again only valid at shallow
depths. Large, randomly distributed limestone blocks
are located within the resistivity section. These limes-
tone blocks are probably erratic blocks of Austin Chalk
(Dessau Formation) which were torn from the walls of
the conduit during eruption and reworked in the near-
surface diatreme. The resistivity data on profile P2 in-
dicate two conduit-like anomalies continuous at depth,
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which are labeled C1 and C2 (see Figure 7B).

The resistivity data on profiles P3 and P4, which were
surveyed on the West and East sides of the railroad
track, respectively, are shown in Figure 8. The data ref-
lect topographic correction, and the maximum depth
of investigation is about 35 m. Low resistivity values (3
to 20 QO m) underlie the entire section along profile P3,
which in turn, are overlain by an exposed, thin terrace
deposit (Figure 8A). The resistivity data indicate mostly
tuff overlain by the terrace deposit layer, and do not in-
dicate any presence of limestone blocks.

In contrast to profile P3, resistivity data on profile
P4 display a chaotic distribution of limestone and tuff
units as shown in Figure 8B. The resistivity data indi-
cate a conduit-like anomaly (C3) ascending and cutting
through Austin limestone blocks. It should also be no-
ted that profile P4 crosses the geological contact bet-
ween Austin limestone and tuff at station 133 m (see
Figure 8B). The geological layers underlying the terrace
deposit, which has a thickness of a few meters, do not
show any displacement at the contact. This observation
indicates that the contact between tuff and limestone
units is not due to a fault.

We must point out that the resistivity values obtained
from four profiles along the railroad track show similar
ranges of resistivity values with the Williamson Creek
vent, where there was no anthropogenic effect of any
kind [Saribudak 2016]. This observation suggests that
the resistivity values obtained at this site have not been
significantly compromised by the railroad tracks.
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Figure 8: Resistivity data obtained along profiles P3 [A] and P4 [B] on the west and east side of the railroad track,
respectively. Note that resistivity profiles are separated by 25 m, yet they offer different geoelectric sections from

each other.

5.1.2 St. ElImo Magnetic Profiles

The observed magnetic data of profile P5 contains very
short-wavelength noise associated with material depo-
sited at the surface by human activity (trash, pipes,
etc.). The magnetic values vary between 46,300 and
47,800 nT. The average background magnetic value is
about 47,400 nT in the south Austin area. The highest
magnetic values occur near the St. Elmo Bridge, which
is probably due to the metallic sources in and around
the bridge (Figure 9). We applied a 4-meter low-pass
filter to the observed data presented in Figure 9. Due
to the high magnetic noise originating from the bridge,
that portion of the survey was removed from the data.
The remaining magnetic data indicate two significant
anomalies: 1) A magnetic high starting at the contact
between the chalk and volcanic rocks near the 60-m
station; 2) A magnetic low anomaly starting at about
the 174-m station within the volcanic rocks. These two
anomalies were present in the raw data on both survey
directions from both north to south and south to north.

Two magnetic profiles (P6 and P7) were collected on
the east terrace of the railroad track. Both magnetic
data sets indicate a magnetic high anomaly between the
stations at 53 m and 62 m, and are annotated as A and
B (see Figure 10).

Locations of magnetic high anomalies (A and B) ob-
served on profiles P6 and P7 align well with the loca-
tion of the volcanic conduit (C1) anomaly interpreted
on the resistivity profile P2 (see Figure 7B).
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5.2 Residential Results

The residential site is located 350 m to the northwest
of the St Elmo railroad cut, where we conducted two
resistivity surveys (P8 and P9) along the western and
eastern part of the house, respectively (Figure 11). We
conducted another resistivity profile (P10) 30 m to the
south of profile P9. We were not able to conduct mag-
netic surveys along resistivity profiles due to ferrous
cultural sources, such as the house itself, the concrete
driveway around the house, air-conditioning units, and
cars.

The house displayed significant cracks on the walls,
windows and doors near the cistern (old water well).
An eyewitness account of the cistern indicated that the
water well might have been 4 to 6 m deep and had been
backfilled, but the backfill exhibited continuous settle-
ment which motivated the owner of the house to pursue
geophysical testing.

The objective of the resistivity study then was to cha-
racterize the subsurface in terms of geological layers
and structure, and help determine the cause of the de-
formation of the house.

5.2.1 Residential Resistivity Profiles

The resistivity data obtained along profiles P8 and P9
are provided in Figure 12. The spacing between both
profiles was about ~20 m. Locations of the cistern and
corners of the house are also provided for reference pur-
poses. The resistivity data indicate a significant low-
resistivity anomaly between the stations at 24 m and
38 m on both profiles. This anomaly has sharp contacts
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Figure 9: Magnetic data along profile P5. Note the significant variation of magnetic values across the contact
between limestone and pyroclastic deposits, and a low magnetic anomaly location at station 185 m.
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Figure 10: Magnetic data on profiles P6 [A] and P7 [B]. Note that the two data sets are quite correlative and
indicate a high magnetic anomaly (A and B) are at about the same station.

on both sides at the depth of the Austin Chalk, which
are shown with higher resistivity values of green, yel-
low and red colors. Thus the source of the low resisti-
vity anomaly in the center of the profiles could be due
to a volcanic conduit, and is marked as C4.

The geometry and dimension of the conduit anomaly
C4 are similar and comparable to the conduit-like ano-
malies of C1, C2 and C3 observed on resistivity profiles
P1, P2 and P4.

The resistivity data along profile P10 is provided in
Figure 13. We surveyed this resistivity profile 30 m to
the south of profile P9. The purpose was an attempt to
delineate the horizontal extension of the conduit-like
anomaly (C4) observed on profile P9.

The resistivity data do not indicate any conduit ano-
maly as observed on both profiles of P8 and P9. Instead,
low resistivity values, between 6 and 20 Qm, are domi-
nant, and layered along the entire length of the pro-
file. Relatively high resistivity values, between 20 and
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200 QQm, are only observed in the southwest corner of
the profile.

Resistivity profiles and borehole locations of the re-
sidential site are shown using Google Maps™ and are
shown in Figure 14.

As part of the foundation evaluation, five soil borings
were taken around the perimeter of the foundation of
the house, and results were provided in two interim
reports by two foundation companies [Read 2017; Ca-
pital Geotechnical Services, PLLC 2017]. The borehole
data and their subsurface interpretations were taken
and modified from these reports and are provided here.
The depth of these boreholes varied between 4 and 8 m.
A picture of borehole operation at the study area is pro-
vided in Figure 15.

Boreholes B-1 and B-2 are located within the low re-
sistivity anomaly that was interpreted to be due to a
volcanic conduit. The contact between Austin Chalk
and tuff deposit start with a “suspected ash layer” at
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’ \).'%k‘.

' Resistivity

Borehole
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Figure 11: Site map of the house showing locations of resistivity profiles (P8 through P10) and the recently
uncovered cistern along profile P8. Five borings (B-1 through B-5) were obtained during the investigation of the
foundation of the residence. Note that the length of the profiles were restricted by a road and a fence in the
southern and northern sections of the study area, respectively. ©2019 Google LLC, used with permission. Google
and the Google logo are registered trademarks of Google LLC.
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Figure 12: Resistivity data along profiles P8 [A] and P9 [B] at the residential site. Dashed red lines on the resis-
tivity profiles indicate the top of tuff units beneath the Austin Chalk. Dashed black lines indicate the vertical
contact on each side of the low resistivity anomaly caused by tuff.
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Figure 13: Resistivity data along profile P10. Note that resistivity layers are horizontal and a conduit-like intrusive
anomaly observed on profiles P8 and P9 is absent from this profile.

Figure 14: Resistivity profiles superimposed on a Google Map™ in the vicinity of the residential site. Note that
the low resistivity anomaly is not observed on resistivity profile P10. White question marks indicate the possible
extension of the conduit anomaly in the east and west directions. ©2019 Google LLC, used with permission.
Google and the Google logo are registered trademarks of Google LLC.

about 4 m. This ash layer is less than a meter thick and
is underlain by tuff deposit as thick as 10 m. Borehole
B-3 was terminated within the Austin Chalk. Borehole
B-4 was drilled beneath the Austin Chalk and termina-
ted within an ash layer underlying Austin Chalk. The
depth to the top of the ash layer (4 m) is about the same
depth as the B-1 and B-2 boreholes. Identification and
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description of the borehole cuttings corresponded well
with the resistivity data. Four of the borings indicated
severely weathered tuff interbedded with suspected ash
deposits located beneath Austin Chalk (Figure 16).
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Table 1: Stratigraphic relationship between formations
of the Austin Group (modified from Young and Wo-
odruff [1985]). Underlying and overlying the Austin
Group are Eagle Ford and Taylor formations, respec-
tively.

Thickness in the

Formation .
Austin area (m)

Description

Massive, calcareous

claystone 100

Sprinkle

Marly and chalky

limestone 22

Pflugerville

The Burditt Marl
is a soft, clayey 5
limestone

Burditt

Chalky limestone. It
is dominantly a
sparse to fairly dense
limestone

Dessau 25-30

Thick beds of
limestone; it is less 8
chalky than Vinson

Jonah

Chalky limestone;

contains soft and

hard chalk; bottom 30
contact with Atco

is gradual

Vinson
Chalk

Alternating beds
of massive lime-
stone with more
fissile limestone;
it contains much
less chalk than
Vinson Chalk

Atco 15-20

6 DiscussioN

Small-volume shallow marine volcanism is relatively
common on Earth, but relatively poorly resolved due to
the logistical and technical difficulty in studying these
features in subaqueous environments [Kano 1998; Ko-
kelaar and Busby 1992; Mueller 2001; Schneider 2000].
The BMP offers an excellent opportunity to perform
high-resolution geophysical investigations of shallow
marine vents that are exposed and eroded. Neverthe-
less, the study of these features is hampered because
Austin is a rapidly developing urban area. Here, electri-
cal resistivity and magnetic surveys were designed aro-
und anthropogenic features (houses, railroad tracks) to
optimize resolution. While limited to the shallow sub-
surface (up to 35 m in this case) the methods provide a
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Figure 15: Picture showing the location of the cistern
(old water well) and drilling at borehole location B-1.
Resistivity profile P8 was surveyed along the corridor
between the wooden fence and the house.

much clearer perspective on the near vent volcanic fe-
atures than is otherwise possible. These techniques may
work well in a variety of volcanic fields in urban areas,
such as Mexico City and Auckland [Siebe and Macias
2006; Lindsay et al. 2011].

The critical feature revealed by the resistivity results
from St. Elmo railroad cut site is that high resistivity li-
mestone blocks or clusters of blocks are located in zones
within the vent complex that are otherwise characteri-
zed by low resistivity. This interpretation is founded on
the results of Williamson Creek volcanic mound, which
is located about 2 km to the south of St. Elmo site [Sa-
ribudak 2016]. At the Williamson Creek site, scattered
high resistivity blocks were also observed on resistivity
profiles. Some of these limestone blocks out-crops wit-
hin the volcanic mound. In addition, there have been
also numerous similar observations made over oil fields
containing inclusions of fragments of Austin Chalk or
older rocks within the volcanic eruption centers [Col-
lingwood and Rettger 1926; Simmons 1967; Matthews
1986].

These isolated high resistivity zones are more com-
mon near the edges of the vent complex. Some resis-
tivity profile lines (e.g. P3 and P10) are relatively free
of high resistivity zones. Furthermore, in the near-vent
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Figure 16: Correlation of data from five boreholes. Note that all boreholes are shown aligned; however, boreholes
B-4 and B-5 are actually located to the southeast of boreholes B-1, B-2 and B-3 (see Figure 14).

facies, two low resistivity zones can be distinguished
(roughly 15 QO m and roughly 6 Qm). This variation in
resistivity may be related to variations within conduits
and near-vent deposits. Slightly higher resistivity is ex-
pected in near-vent facies enriched with limestone lit-
hic fragments, whereas the lowest resistivities are ex-
pected in zones of relatively clean and limestone-free
conduit. Finally, the boreholes and limited outcrop data
show that the moderately low resistivity zones corres-
pond to altered volcaniclastic rocks commonly occur-
ring in near-vent facies in distributed volcanic fields-in
this case, with limestone lithics. Thus, the geophysical
surveys show that the conduits retain structure, with
predominantly central areas of uniformly low resisti-
vity, and marginal areas of rapid variation in resistivity,
with low resistivity zones.

Comparing the scale and form of the inverted resis-
tivity anomalies with geologic data from other regions
suggests that these tuff mounds of the BMP are largely
near-vent facies developed in the shallowest parts of di-
atremes through reworking of juvenile material (pala-
gonitized basalt) and lithic material (brecciated Austin
Chalk) during short-lived explosive subaqueous erupti-
ons. Geologic investigations of shallow diatremes have
shown that they most frequently have complex struc-
ture, with zones of predominantly brecciated host rock
(in this case Austin Chalk), zones of intense mixing and
reworking of pyroclastic and lithic material, predomi-
nantly but not exclusively at the margins of the conduit,
and some zones of predominantly juvenile material (in
this case basalt) [White 1991; Hooten and Ort 2002; Le-
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febvre et al. 2013; White and Ross 2011]. These features
are commonly associated with vent complexes in distri-
buted volcanic fields [Kiyosugi et al. 2012; Richardson
et al. 2015].

Resistivity results from the residential site, not far
from the St. Elmo volcanic mound, indicate a conduit
which is similar to the conduit anomalies observed on
the St. Elmo railroad cut site. Borehole data obtained
from tuff deposits within the conduit anomaly display
multiple ash layers.

7 CONCLUSIONS

Results from three resistivity profiles are interpreted
as subsurface evidence that the St. Elmo submarine-
mound has high resistivity limestone blocks scattered
randomly within the resistivity sections as deep as 35
m. The distribution of these chaotic limestone blocks is
more evident on the eastern resistivity profiles than the
western resistivity profiles. These limestone blocks are
interpreted to be erratic blocks of Austin Chalk, which
were probably torn from the walls of the volcanic vent
and ejected. Resistivity data from eastern profiles in-
dicate three conduit-like anomalies, and are probably
part of the eruption center in the study area. Magne-
tic data along one profile correlates well with the lo-
cation of contact between the mound and the limes-
tone unit. Magnetic data along two other profiles show
a high magnetic anomaly that correlate with the app-
roximate location of an inferred conduit. These high
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magnetic anomalies correlate well with the resistivity
anomalies, strengthening the interpretation of the re-
sistivity data.

Results of this study and others [Saribudak and Ca-
ran 2015; Saribudak 2016] showcase the effectiveness
of integrated resistivity and magnetic imaging for map-
ping and characterizing volcanic mounds in detail, as
well as constraining the lateral and vertical boundaries
of volcanic mounds, and in this case, the adjacent Aus-
tin Chalk formation. These results also indicate that the
combination of resistivity and magnetic data may pro-
vide valuable information in terms of delineating vol-
canic vents and dikes and defining the geological con-
tacts of volcanic rocks in the Austin area and in the state
of Texas. Additional resistivity surveys, in conjunction
with magnetic surveys, could also offer useful informa-
tion on the structure of volcanic plugs, which are po-
tential oil and gas traps in the state of Texas. The pro-
cedures developed here may have applications in other
areas with comparable geological conditions.
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