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Introduction 

 

 A geophysical survey was conducted on September 2 -3 and September 9 - 11, 

2015 of approximately .66 hectares (1.75 acres).  Magnetic gradiometer and ground 

penetrating radar (GPR) techniques were employed with the goal of identifying features 

located to Fort Velasco or other 19th century structures.  This work was motivated by the 

planned reconstruction of Fort Velasco and the need to identify historic features in the 

area prior to construction activities.  



Survey Area 

 

 The survey area is located on the western edge of the city of Surfside Beach and 

on the Freeport 7.5 minute USGS quadrangle (Figure 1). The former mouth of the Brazos 

River, which is now the Freeport Harbor Channel, is located 35 meters to the southwest 

at the nearest point.  Surfside City Hall is located 64 meters to the northeast.    

 

 The survey area had been cleared and was covered in grass and bare soil during 

the time of fieldwork (Figure 2).  Debris, presumably from one or more hurricanes, was 

visible in and around this region.  In many instances, this debris was partially buried and 

extended   Due to periods of strong rain and poor drainage, some of the area was covered 

with pooled water.  Spoil piles, probably related to the boat launch that is just to the north, 

surrounded the survey area.  

 

 

 



 

Figure 1.  Location of Fort Velasco geophysical survey area.  Map base: 2014 NAIP Imagery, USDA 

Farm Service Agency.  



Historic Map Reconstruction 

 

 A number of historic maps show historic features and changes in natural features 

in the area of Fort Velasco.  The earliest of these that contains useful information and 

geographic accuracy is a U.S. Coast Guard T-Sheet from 1852 (Figure 3).  This map 

shows a number of buildings of the early town and Quintana across the Brazos River.  

Although this map does not show the location of the first fort, it was probably located in 

Monument Square, which is the open space on the second row from the river (Fox et al. 

1981:33).  Based on georeferencing of this map, the current survey area falls in this same 

position (see Figure 4).  While this map contains distortion in some features, it is at least 

a reasonable approximation of the locations of interest.  An 1858 nautical chart (not 

shown) uses this same base map.   

 

 An 1892 NOAA nautical chart map (Figure 4) shows a slightly different version 

of the town, including the aforementioned Monument Square.  It also shows the 

construction of the jetty that extends out into the Gulf of Mexico as part of the Freeport 

ship channel.  The next maps, which cover the years 1934 (Figure 5), 1943 (Figure 6), 

1964 (Figure 7), and 2013 (Figure 8), show changes to landforms over that period.  

Especially notable is the change of approximately 340 feet in the river channel nearest the 

survey area.  The receding land once contained a U.S. Coast Guard station, which is now 

located to the north.  These buildings are visible in a 1974 aerial photo, shown in Figure 9 

with the survey area superimposed.  



 

Figure 3.  Location of Fort Velasco geophysical survey area projected on 1852 USCG T-Sheet. 

 



 

Figure 4.  Location of Fort Velasco geophysical survey area projected on 1892 NOAA Nautical Chart. 

 



 

Figure 5.  Location of Fort Velasco geophysical survey area projected on 1934 NOAA Nautical Chart. 



 

Figure 6.  Location of Fort Velasco geophysical survey area projected on 1943 7.5 minute USCG 

quadrangle. 



 

Figure 7.  Location of Fort Velasco geophysical survey area projected on 1964 7.5 minute USCG 

quadrangle. 



 

Figure 8.  Location of Fort Velasco geophysical survey area projected on 2013 7.5 minute USCG 

quadrangle. 



 

Figure 9.  Location of Fort Velasco geophysical survey area and 1974 aerial photograph from Google 

Earth Pro.  The geophysical survey area is shown in transparent red.  



Previous Research 

 

 The Center for Archaeological Research at the University of Texas at San 

Antonio conducted a cultural resources survey in 1980 (Fox et al. 1981).  One aspect of 

this research was reconstructing the location of the fort and structures that made up the 

old town.  By considering town plats, land exchange records, and topographic features, 

the authors created a map of buildings, including Fort Velasco.  For this project, their 

map was placed in the GIS, with the results shown in Figure 10 along with a modern air 

photo.  The current research area is very near their projected location of the fort.  it 

should be noted, however, that some of these buildings are noted as approximate and the 

exact location of all features should probably be considered as an estimation.   

 



 

Figure 10.  Location of Fort Velasco geophysical survey area projected on 2013 7.5 minute USCG 

quadrangle. 



Geophysical Survey Methodology 

 

 The geophysical remote-sensing survey will consist of two techniques: 

magnetometic gradiometer and GPR.  Both of these are commonly used in variety of 

archaeological contexts.  Individually, each has the ability to delineate a range of targets 

that can guide future investigations, as well as to serve as a primary data set that can be 

used to directly address anthropological research questions (Thompson et al. 2011).   In 

addition, the use of complimentary techniques provides a data set that characterizes a 

richer set of ground targets and helps ensure that the geophysical survey is successful 

(Clay 2001).  

 

Magnetic Gradient 

 Magnetometers are passive instruments that measure the magnetic field strength 

at a specific location on the surface of the Earth.  The most common unit of measure is 

the nanoTesla (nT).  The Earth’s magnetic field varies depending on location relative to 

the earth’s equator, ranging from 25,000 nT to 75,000 nT and can be visualized as a large 

bar magnet that is tilted 11 degrees from the axis of rotation (Heimmer & Devore 

1995:12).  Over a small area and in homogeneous soils, the magnetic field is expected to 

be uniform (Weymouth 1986:341).  An archaeological target can be detected with 

magnetic survey as a deviation from this background field reading.  The resultant 

anomaly often has a dipolar form aligned with the dip and direction of the Earth’s field. 

 



 The magnetic signal of a target is composed of two parameters: induced and 

remnant magnetism (Reynolds 1997:122).  Magnetometers measure the remnant 

magnetism of a target, which is permanent and may be caused by the presence of highly 

magnetic rock compounds or thermal alterations to soils which have high iron content 

(Heimmer & Devore 1995:12). Magnetization caused by thermal alteration is called 

thermoremanence and it occurs at maximum expression at temperatures above 675 

degrees Celsius, but there is some effect at any elevated temperature (Aitken 1961:19).  

Electrons are demagnetized when temperatures are elevated and become aligned to the 

Earth’s field as the temperature lowers (Clark 1996:64-65). 

 

 Induced magnetism is only visible in the presence of magnetizing field. However, 

the Earth serves as a constant magnetizing agent and, as a result, it can be sensed by a 

magnetometer.  The induced magnetism is generally referred to as magnetic susceptibility.  

Magnetic susceptibility is greater in the topsoil and soils that are organically rich, but 

often produces relatively subtle anomalies (Clark 1996:65-66).  Therefore, human 

activities that rearrange the topsoil are sometimes evident in magnetic surveys.   

 

 Magnetic anomalies produced by archaeological targets are often much weaker 

than signals produced by many other sources and are usually between 1 nT and 100 nT 

(Aitken 1961:2).  Archaeological objects that may produce magnetic anomalies include 

fireplaces, furnaces, burnt clay floors, hearths, kilns, daub, bricks, and walls composed of 

magnetically-anomalous rocks such as basalt (Aitken 1961:3; Hasek 1999:7).  Pits and 

ditches may be also visible if materials of differing magnetic susceptibility are contained 



in the fill (Aitken 1961:28).  Other magnetically-visible targets are materials containing 

ferrous or iron oxides (Aitken 1961:35).  Archaeological targets such as historic nails can 

sometimes be mapped using magnetometers.  However, more recent ferrous objects, such 

as metal datum markers, power lines, cars, buried pipes, and surface trash, can easily 

obscure archaeological targets (Heimmer & DeVore 1995:12). 

 

 There are several types of magnetometers in use and each has advantages and 

disadvantages.  One type of magnetometer commonly used in archaeological research is 

the fluxgate.  These instruments are composed of two parallel cores made of materials 

with strong magnetic properties, primary coils wound in opposing directions, and 

opposing secondary coils (Reynolds 1997:142).  The magnetic field is measured by 

determining the difference between the primary and secondary coils (Reynolds 1997:142).  

Some advantages to the use of fluxgate instruments are their relative insensitivity to steep 

magnetic gradients and their speed of acquisition is better (Reynolds 1997:142).  

Fluxgate instruments have become the workhorse for archaeological geophysical survey 

in Britain and the United States (Clark 1996:68). 

  

 The other major issue related to instrumentation is the number of sensor heads 

used.  Gradiometers use two vertically-aligned sensor heads that can measure either the 

vertical and horizontal components of the magnetic field (Hasek 1999:8).  The primary 

advantage of a gradiometer system is that no correction for diurnal drift is necessary 

(Bevan 1998:19; Reynolds 1997:148).  In addition, they are much less affected by nearby 

objects with steep magnetic gradients, such as large masses iron (Bevan 1998:19).  Also, 



gradiometers tend to emphasize shallow anomalies, a benefit for archaeological survey.  

One disadvantage is that the accuracy is dependent on a consistent orientation of the 

sensors (Bevan 1998:19; Hasek 1999:8). 

 

 Interpretation of magnetic imagery begins by identifying anomalies, which may 

have strong high or low amplitude values (Bevan 1998:23).  Anomalies with strong, 

narrowly-spaced dipoles or strong monopoles are usually produced by ferrous metal 

objects. If targets are relatively large, the shape may be approximated in the magnetic 

imagery (Bevan 1998:26).  For example, the shape and location of pre-European houses 

can often be accurately ascertained. Little information about the depth of a target is 

obtained with magnetic survey.  There is, however, a practical limit to the depth that can 

be sensed with magnetic instruments because the signal falls with 1/D 3 for a dipolar 

target or 1/D 2 for a monopolar target (Breinner 1973:20). 

 

 A Foerster Ferex 4.032 was used for this survey in single-sensor grid mode 

(Figure 11).  Data collection is triggered automatically using a metronome and readings 

are stored on a large onboard flash memory.  This system is commonly used for 

archaeological applications, sometimes as a multiple sensor system with integrated GPS, 

although that was not necessary for this project.  Data were collected using typical 

parameters used in professional archaeo-geophysical remote-sensing surveys, including a 

data density of eight readings per square meter.  

 



 

Figure 11.  The Foerster Ferex 4.0302 fluxgate gradiometer with single sensor in standard grid 

collection mode.  

 

Ground Penetrating Radar 

 Ground-penetrating radar (GPR) operates by sending out an electromagnetic wave 

pulse into the ground that reflects off materials with contrasting electrical properties 

(Conyers & Goodman 1997:23; Weymouth 1986:371).  This is related primarily to the 

electrical conductivity and magnetic permeability of the materials (Conyers & Goodman 

1997:32).  Relative dielectric permittivity (RDP), the ability of a material to store and 

pass a magnetic field, is the accepted property used to describe the materials.  RDP (K) 

ranges from 1 for air to 81 for water and is expressed by K = c2 / V 2, where c is the 

speed of light and V is the velocity of the wave (Conyers & Goodman 1997:33; Reynolds 

1997:689).  For soils, the RDP ranges from 3 for the driest sand to 40 for saturated clay.  

The strength of the reflection is proportional to the difference in RDP of the two 



materials and relies on an abrupt change between the materials (Conyers & Goodman 

1997:34; Geophysical Survey Systems Inc. 1999:36).  

 

 When a radar wave bounces off of a subsurface reflector, the total travel time is 

recorded in nanoseconds (ns).  This time is directly proportional to the depth of that target.  

Therefore, if the RDP is known for the medium, the depth can be found.  One commonly-

used technique to estimate this property is geometric scaling in which a curve is fit to the 

properties of hyperbolic reflections in the data generated by strong reflectors.  Because of 

the geometry of reflectance as the antenna passes over a target, the reflection will be 

expressed as a hyperbola and the width of that hyperbola is determined by the RDP of the 

soil (Geophysical Survey Systems Inc. 1999:83).   

 

 GPR antennas are available in various center frequencies, usually between 100 

MHz and 1500 MHz, which are related to the optimum depth of propagation and the 

resolution of the signal (Geophysical Survey Systems Inc. 1999:51).  In general, lower 

frequency antennas propagate energy to greater depths.  However, the vertical resolution 

also decreases (Geophysical Survey Systems Inc. 1999:56).  For example, low frequency 

antennas can penetrate as far as 50 meters in ideal circumstances.  Frequencies between 

200 Mhz and 900 Mhz are commonly used in archaeological work.  For all frequencies of 

antennae, a cone of energy is sent out that is roughly 90 degrees from front to back and 

60 degrees from side to side (Geophysical Survey Systems Inc. 1999:45). 

 



 Limitations in GPR are related to the mechanics of sending electromagnetic 

energy through materials with high RDP values, such as clayey soil (Reynolds 1997:688).  

Such soils cause the electromagnetic energy to attenuate at shallower depths as a result of 

the dispersion of the energy (Conyers & Goodman 1997:55).  Attenuation causes the 

resultant data to be blurry when viewed and returns from even strong reflectors can be 

obscured.  Wetter soils, often including clays, and high salinity materials are therefore not 

ideal conditions for GPR survey.  Dry sand, however, can often produce dramatic results. 

GPR has been used to detect a number of archaeological features including pits, trenches, 

hearths, stone foundations, kilns, buried living surfaces, metal objects, voids, burials, 

tombs, and tunnels (Conyers & Goodman 1997:23, 197-200).  Archaeological features 

that are unlikely to be detected using GPR include very thin stratigraphic layers, features 

within a rock-lined burial, small clay or stone artifacts, and any feature below a wet clay 

layer (Conyers & Goodman 1997:197-200). 

 

 The data processing that is necessary in order that GPR data be used to its 

maximum potential by archaeologists is more involved than any of the other geophysical 

methods.  Analysis begins by locating targets in the radar profiles, estimating the average 

RDP, and estimating the depth to targets.  In the radar profiles, the amplitude of a 

reflection is positive if a high RDP medium is encountered below a lower RDP medium 

and negative when the reverse occurs. A strong narrow reflector will often produce an 

anomaly alternating between signs in a hyperbolic shape.  Further processing is 

somewhat complex and includes creating plannimetric amplitude slice maps and three 



dimensional data cubes.  Usually, the amplitudes are squared so that strong positive or 

negative anomalies appear the same. 

 

 A Geophysical Survey Systems Incorporated SIR4000 system, 400 MHz antenna, 

and survey cart was used for this survey (Figure 12).  GSSI radar systems are regularly 

used in archaeological research in North America.  The SIR4000 system includes a 

control unit built from a ruggedized tablet computer and flash memory.  Vertical profiles 

are displayed in real time on the screen.  An integrated survey wheel, which is used to 

determine the distance along the transect line, is built into the cart.  Data were collected 

along transects of .5 m and 100 samples per meter and at 512 scans vertically.   

 

 

Figure 12.  The GSSI SIR4000 ground penetrating radar with survey cart and 400Mhz antenna.  

 

 



Geophysical Survey of 17th and 18th Century Forts 

 Euro-American forts are composed of a wide variety of targets that range from 

ephemeral to substantial.  The combination of magnetic gradiometer and GPR has proven 

to be a productive combination for fort applications.  Magnetic gradient techniques have 

been successful at delineating burned architectural features at the mid-19th century Fort 

James in South Dakota (Haley and Watters 2009).  Unburned architectural features have 

been delineated using GPR at Fort Mims (Haley and Johnson 2003) and at Fort James 

(Haley and Watters 2009).  At Camp Lawton, Civil War-era palisade posts were even 

delineated using GPR (Watters 2015).  In some cases, however, geophysical data from 

forts were adversely affected by modern constructions and natural changes in 

geomorphology (Haley and Johnson 2005).  

 

 

 

 

 

 

 

 

 

 

 

 



Geophysical Survey Results 

 

Magnetic Gradiometer 

 Magnetic gradient results are shown in Figure 13 as raster image with the contrast 

set to +/- 40 nT.  The overall range is -2201.438 to 4993.15 nT, illustrating the strong 

magnetic gradient anomalies encountered in the survey area.  Many of these anomalies 

are large and complex, making it difficult to determine the exact location of targets and 

the type of magnetism (induced or remnant) present in many cases.  

 

 Despite the almost overwhelming array of magnetic activity in the survey area, 

several larger patterns can be discerned that might be related to historic activity (Figure 

14).  Anomalies #1 and #2 are similar in that they border roadways or former roadways 

and with signatures suggestive of thermally altered targets.  The proximity of these 

features to road beds, which probably serviced the buildings that were once located to the 

southwest, suggests these features are more recent than Fort Velasco.  It is possible that 

these anomalies are related to concentrations of igneous stone, which produce 

thermoremanent magnetism, and the high amplitudes (ranging from about -2058.00 to 

2399.00 nT) supports this conclusion.  A slight elevation was noted that roughly 

corresponds to anomaly #1, although no probing or other investigations were conducted 

at this time.  This topographic change makes this anomaly of at least cursory interest.  

 

 Anomaly #3 is a linear, zigzag-shaped pattern, with lower amplitudes (ranging 

from -512.00 to 917.00 nT.  Actually, Anomaly #3 is composed of two distinct signatures, 



with the northern portion exhibiting the characteristic alternating dipoles of a ferrous 

metal pipe.  Although it is difficult to discern, a subtle lineament continues to the 

northwest.  This anomaly may represent a change in material in the pipe from ferrous to 

non-ferrous (for example, PVC).  The southern portion of this anomaly is more like those 

thermoremanent targets, however.  It is difficult to determine if this is a single complex 

target or two unrelated targets.  Either way, this anomaly or group of anomalies is 

probably fairly recent.   

 

 Anomaly #4 is a roughly circular arrangement of individual anomalies exhibiting 

a variety of signatures, including randomly oriented dipoles, dipoles approximately 

aligned to magnetic north, and monopoles.  This variety suggest these anomalies are 

produced by a variety of target types, which perhaps might be expected of a long used 

historic feature such as a domestic structure or fort.  It should also be noted that a number 

of holes noted in this area as the survey was conducted.  While this anomaly may be 

related to recent historic structures, storm debris, or other features other than Fort 

Velasco, further investigation of this area is recommended.   

 

 Anomaly #5 is another complex series of strong individual anomalies.  A rise was 

noted here during survey, although it was not investigated further. This area may have 

been adjacent to the same road bed next to anomaly #1 in the recent past and, therefore, it 

is may be of more recent origin than Fort Velasco.  As with Anomaly #1, it cannot be 

ruled out as related to significant historical occupation of the area.  

 



 Anomalies #6 and #7 are large dipoles with amplitudes of 2929 and 4993 nT, 

respectively.  These patterns are suggestive of a large mass of ferrous metal and probably 

of recent historic date.  It is unlikely that large ferrous targets remained in Fort Velasco 

since metal was valuable and usually recycled in the early nineteenth century.   

 

 Anomaly #8 is a relatively strong (ranging from -1635.00 to 1262.00 nT) and 

complex.  While it is difficult to determine the orientation of this anomaly, a portion of it 

at least is randomly oriented, which suggest the target was burned or heated.  This target, 

not far from anomaly #4, should be considered of some interest with future investigations.  



Figure 13.  Magnetic gradient results. Range is +/- 40nT.  Map base: 2015 Google Earth Pro image.  



 

Figure 14.  Magnetic gradient results and significant anomalies. Range is +/- 40nT.  Map base: 2015 

Google Earth Pro image. 



Ground Penetrating Radar 

 

 The GPR data quality suffered from wet conditions and poorly drained soils at the 

time of survey.  At depths below approximately 60cm, the level of attenuation becomes 

so great that the signal is no longer reliable.  Figure 15 shows six amplitude slices from 

the ground surface to about 84cm deep.  One simplified method for visualizing the data is 

using the overlay analysis provided by GPR Slice.  In Figure 16, overlay analysis of 

Slices 2, 3, an 4, representing the most interesting anomalies in the dataset, is shown.   

 

 Anomalies #1 and #2 border anomalies 1 and 2 in the magnetic gradient data. 

Again, these also are also aligned with roads and it is likely that these features, like those 

roads are more recent than Fort Velasco.  Anomaly 1 is located in the raised area, which 

makes it of slightly greater interest.  

 

 GPR anomaly #3 was caused by puddled surface water visible at the time of the 

survey.  While efforts were made to plan around rain, this area is poorly drained and it 

was not possible to wait until it was completely dry.  As discussed in the methodology 

section, moisture causes the attenuation of radar energy and, as a result, little can be said 

about this area from the GPR data.  GPR anomaly #7 also occurs in an area with pooled 

surface water.  

 

 GPR anomaly #4 is a roughly rectilinear pattern that partially coincides with 

magnetometer anomaly #4, although the shape differs.  While this feature may be related 



to late 19th or 20th century constructions, further evaluation is recommended, especially 

since it may be related to an magnetometer anomaly.   

 

 Anomalies #5 and #6 are unrelated to magnetometer activity.  This area contained 

many pieces of debris, presumably washed there by hurricane surge, and these anomalies 

may be related to those.  It is unlikely, but not impossible that these are related to Fort 

Velasco or historic occupation of the area.  

 

 

Figure 15.  Ground penetrating results amplitude slices results.  



 

Figure 16.  GPR overlay analysis of slices 2, 3, and 4, with significant anomalies identified.  Map 

base: 2015 Google Earth Pro image. 



 Recommendations 

 

 Combining both magnetic gradient and GPR data sets and the interpretations 

already presented, it is possible to create a map of research potential for the area surveyed.  

Figure 17 contains these results with anomalies classified according to low, medium, and 

high probability.  Because no anomalies could be confidently connected to Fort Velasco 

or significant historical occupation, no anomalies were classified as high probability.  The 

remaining anomaly clusters have been classified into low or medium probability 

according to their signature, shape, and appearance on the other technique.   

  

 The goal of this report is to identify anomalies of interest that can be incorporated 

in a larger archaeological research design.  Geophysical interpretation can sometimes 

offer anomalies that can be interpreted with certainty, but, more often, interpretations 

contain some ambiguity that can only be resolved with a regime of subsurface testing.  

This is the case with the results presented here, particularly given the complex history of 

the survey area.  Even in cases where it is clear that anomalies are almost certainly 

cultural, it is impossible to determine their age and therefore difficult to determine their 

archaeological significance.  Also note that anomalies identified in this report are the 

most significant, but not an exhaustive set. It is possible that small or subtle anomalies 

not identified here are related to archaeological features at these sites. A careful eye 

should therefore be directed to the complete set of data, not just the interpretation maps, 

during any future testing at these sites. 

 



 

Figure 17.  Magnetic gradient and GPR anomalies and suggested levels of research interest.  Map 

base: 2015 Google Earth Pro image. 
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