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ABSTRACT

A systematic detection process capable of locating and quantifying diffuse

seafloor venting using remote technology does not currently exist. Such venting

is difficult to detect as it is characterized by both low temperature and low flux

rates which cannot be distinguished using current remote acoustic or chemical

sensors. Therefore the lack of understanding with regard to the distribution of

active sites prevents a good estimation of the contribution of diffuse flow to thermal

and chemical patterns within the broader ocean system.

Data collected over active vent fields have indicated that a structured light

laser sensor, also used for high resolution seafloor bathymetric mapping, has the

ability to detect near bottom temperature anomalies. Over areas of venting,

changes in the index of refraction cause the projected laser line to appear blurred.

To isolate and quantify this phenomenon image processing algorithms have been

developed to detect diffuse venting using laser line images collected during near

bottom surveys. This sensor system when mounted on an autonomous or remotely

operated vehicle, will allow for large systematic surveys resulting in maps indicat-

ing areas of active venting. Analysis of multiple data sets indicates this system

is capable of detecting both small point source vents and low temperature diffuse

flow. Current analysis is qualitative with future quantitative goals being addressed

in relation to the number of factors that contribute to the observed appearance

of the laser line. Ultimately, the result of this research will be a map of vent ac-

tivity over specific survey sites that can be quantitatively analyzed to provide an

understanding of the extent and flux associated with diffuse flow sites.
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PREFACE

The following thesis has been prepared in manuscript format for submission

to the journal Geochemistry, Geophysics and Geosystems (G3). The goal of this

paper is to introduce the structured light laser system as a sensor suite capable

of systematic, remote detection of diffuse seafloor venting and small point source

vents. Geologic justification is provided by Dr. Steven Carey. Three data sets

collected in 2010 and 2011 illustrate the detection capability of this system as well

as present interesting and complex detection problems. Continued work will isolate

and address these detection anomalies. The structured light laser sensor is also

under continuous development.

This manuscript has been prepared for submission to G3 with the following

title and author list.

Detection of diffuse seafloor venting using structured light imaging

Clara J. Smart, Chris N. Roman, Steven N. Carey
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Abstract

Currently we lack a systematic and remote method for locating and quanti-

fying diffuse sea floor venting using underwater robotic vehicles. Diffuse flow is

characterized by both low temperature and low flux rates, which cannot readily be

distinguished using current remote visual, acoustic, or vehicle-mounted environ-

mental sensors. The result is a poor understanding of the distribution, contribu-

tion, and context of diffuse flow sources. An underwater structured light imaging

system has however shown promise in detecting diffuse flows while completing sea

floor imaging surveys at a typical altitude of 3m. The system creates sequential

bathymetric profiles by imaging a laser line projected on the sea floor. In the pres-

ence of venting fluids, the laser line exhibits a detectable level of distortion due

to variations in the refractive index along the optical path. By characterizing the

degree of distortion it is possible to create maps of ‘venting potential’ with sub-

meter spatial resolution. Results from three distinct vent fields are presented and

discussed. Analysis of these data sets indicates this system is capable of detecting

both small point source vents and low temperature diffuse flow.

1.1 Introduction

Fundamental questions exist regarding the role of diffuse fluid flow in the

thermal and chemical exchange budgets of hydrothermal systems and cold seeps.

However, due to the elusive nature of diffuse flow it cannot be systematically and

remotely detected using current vehicle-mounted tools. While locations of larger

point source vents can be determined through the use of acoustic and environmen-

tal sensors, understanding the spatial distribution of active diffuse sources within a

vent field is elusive. The vehicle-mounted structured light laser system, originally

developed for sub-centimeter bathymetric mapping, shows a sensitivity to index of

refraction anomalies associated with active venting fluids during remote surveying
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and has potential for better assessing this type of flow. This paper will discuss

detection of diffuse seafloor venting using the structured light laser system begin-

ning with an outline of the geologic value (Section 1.1.1) and an overview of the

structured light system (Section 1.1.2). Section 1.2 will discuss existing vent detec-

tion methods while Section 1.3 will cover laser detection and survey methodology

before Section 1.4 presents and discusses results.

1.1.1 Geologic Value

In hydrothermal systems fluid flow is typically classified as either vigorous

high temperature focused flow, or low temperature diffuse flow. The latter is often

found in low mounds and cracks frequently colonized by biological communities [1].

Diffuse flow within hydrothermal systems can represent a significant component of

total fluid discharge ranging from 100% at some fields on the Galapagos spreading

center [2] to 67% on parts of the Juan deFuca ridge [3] and can show high frequency

temperature variability and activity over time [1, 4]. Additionally, from a chemical

oceanographic perspective locating such venting may help identify areas rich in

dissolved gasses such as methane and carbon dioxide which are often present in

the diffuse venting at cold seeps.

Previous studies locating areas of diffuse flow and evaluating the heat and

chemical flux through discrete measurements have interpolated findings over large

areas of presumed active venting [5]. Due to the large surface area of diffuse vent-

ing, despite low flux rates, it has been estimated that the chemical and temperature

contribution to the ocean system from diffuse venting is greater than the contri-

bution from high temperature point sources or discrete venting [6] perhaps by a

factor of five [7]. However, this cannot be verified without systematic detection

and remote vehicle mounted mapping systems.
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Figure 1: A CAD drawing of the Hercules ROV showing the structured light system’s stereo
camera and sheet laser locations. Each camera image captures a profile of the sea floor illuminated
by the laser line (inset).

1.1.2 Structured Light Overview

The structured light laser system, shown mounted on the remotely operated

vehicle (ROV) Hercules in Figure 1, was initially developed for sub-centimeter

bathymetric mapping [8] and is a basic variant of several similar approaches [9–12].

Fundamentally, structured light imaging consists of a laser line projected onto a

3D surface and a camera to image that laser line. When viewed from the camera’s

perspective the line will follow the surface topography as if it was sliced along

the laser plane. The structured light laser system consists of a stereo camera pair

and an inclined 532nm green sheet laser mounted on a rigid frame with known

relative geometry. Images of the projected laser sheet incident with the sea floor

are recorded as the vehicle executes typical mow-the-lawn survey patterns. By
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(a) Small point source vent

(b) Low level diffuse flow

Figure 2: Illustrations of laser line distortion as the sheet laser is refracted by different types of
active venting. 2(a) While imaging small point source venting the laser disturbance is imaged
on the sea floor beyond vent after interacting with the rising column of water. 2(b) The laser
distortion is detectable directly at the diffuse vent source due to low flux rates.
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detecting the vertical position of the laser line within a raw image, each capture

can be converted to a single bathymetric profile analogous to a single ping of

range data from a multibeam sonar. Bathymetry is established as each profile is

reconstructed through triangulation given the appropriate calibration parameters.

The system calibration is detailed in [13] and uses concepts from complete stereo

calibration [14, 15].

While surveying active vent fields the sheet laser passes through venting fluids

causing the laser line to refract due to index of refraction anomalies. The resulting

a non-uniform laser line is imaged on the seafloor and indicates active venting

along the ray path traveled by the sheet laser (Figure 3). As the laser sheet passes

from the vehicle 3mabove the sea floor to the bottom, this distortion can be caused

by high flux venting rising meters above the seafloor as well as low flux venting

undetectable centimeters above the bottom. While surveying small high flux point

source vents the laser sheet intersects the column of venting fluid above the bottom

and is projected beyond the vent (as a function of the laser sheet angle) before

being imaged on the sea floor (Figure 2(a)). As the vehicle travels over a vent the

observed distortion will continue behind the vent until it is undetectable. Laser

line distortion indicates a change in the index of refraction along that ray, not

necessarily at the point on the seafloor where the laser line is imaged. In the case

of low flux, low temperature venting, which mixes quickly, the laser line tends

to be distorted and imaged at the source of venting (Figure 2(b)). While some

spatial resolution is lost, active point source venting can still be determined to

sub-meter accuracy and the source of diffuse venting can be located to within tens

of centimeters.
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Figure 3: The laser line becomes refracted as it passes over venting fluids with altering the index
of refraction of sea water. 3(a) Shows a crisp laser line over a geological site with no venting
present. 3(b) Reveals slight distortion in the laser line as low temperature or low flux flow is
surveyed. 3(c) Presents an example of the laser passing over an active small point source vent
with significantly higher temperature and flux rates.
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1.2 Review of Existing Vent Detection Methods

As previously described, diffuse venting is difficult to map due to near ambient

temperatures and low flux rates and bottom mixing. Robust diffuse vent detection

processes capable of completing systematic surveys remotely over areas on the order

of square kilometers in size are currently inefficient and inconsistent. Potentially

observable temperature and chemical signals decay rapidly due to mixing and are

no longer detectable just meters above the sea floor. In most cases, diffuse vent sites

are found as a secondary consideration following the localization and exploration

of larger point source vents using towed or autonomous underwater vehicle (AUV)

systems operated 50-400m above the sea floor [16]. More detailed low altitude

ROV or AUV surveys will typically identify areas of biological activity associated

with venting, rather than the venting itself [17, 18]. For these reasons, the full

extent and the distribution of a diffuse vent field is rarely determined, and the

entire process is likely to miss vent fields consisting of only diffuse flow sources [1].

Specific approaches to identify active venting have been developed using both

visual and acoustic methods. The ultimate goal following detection is the ability

to provide quantitative data regarding the temperature and flux of the venting

source.

1.2.1 Point Source Vent Detection

The most successful vent detection schemes, which focus on point source vents,

require an AUV or ROV, fitted with various sensors to detect anomalies in magnet-

ics, chemistry and temperature to complete multiple surveys to isolate the center

of the plume [16]. For example, an initial a pre-determined survey is completed

100-400mabove the seafloor searching for anomalies indicative of buoyant plumes.

Fundamentally, this processes will only localize high temperature high flux vent-

ing which creates observable high altitude buoyant plumes. Assuming a potential
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plume is detected, a second higher resolution survey is completed at an altitude

of 50mto isolate the center of the vent source. Finally, a third survey employing

either a manned submersible, AUV or ROV completes detailed imaging, flow and

temperature analysis of both the point source vent and the surrounding area [17].

Therefore, only diffuse venting surrounding the large point source vent may be

identified. Hence, this method favors the detection of point source, high flux or

high temperature vent systems, and frequently may not locate vent fields contain-

ing only diffuse venting as discussed by [1].

Furthermore, three-dimensional acoustic maps of active black and white smok-

ers have provided volumetric and flow analysis [19]. The Cabled Observatory Vent

Imaging Sonar (COVIS) [20], a multibeam sonar and rotatory system installed at

the Main Endeavor Field (MEF) on the Juan de Fuca Ridge computes 3-D plume

maps through detection of backscatter due to suspended particulates and strong

temperature gradients. As this method primialry focuses on point source venting,

only diffuse flow located on the structure being imaged may be detected through

acoustic scintillation, which provides only a broad understanding of its presence.

1.2.2 Diffuse Vent Detection

Visually, diffuse flow can be detected by watching an ROV-mounted high def-

inition video feed for “shimmering water” (Figure 4) [21]. The shimmer or mirage

effect indicates change in the index of refraction which is predominately caused

by increased water temperature relative to ambient but is influenced by salinity

and turbulence [22]. However, this phenomena is only visible on the order of cen-

timeters above the seafloor and is primarily detected in situ with the human eye

through the use of high quality video with fast frame rates. Diffuse venting is

often clear with few particulates causing the presence of this mirage to be the only

visual marker. The required near bottom observations and time consuming obser-
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Figure 4: Visually identifying diffuse venting requires finding ‘shimmering water’ with a high
quality video system. A still image makes this property difficult to identify, as demonstrated by
the shimmer present in the top right and center left of this image taken at the Kolumbo crater,
ROV Hercules, E/V Nautilus.

vation based detailed approach makes this technique inefficient and unsystematic

for detection of diffuse vent fields. However, it can be used to determine areas to

physically sample.

Experiments recreating this anomaly produce Schlieren-like flows allowing for

the visualization of density fluctuations in controlled lab settings. With sufficiently

defined parameters a quantitative description of a particular flow and the index of

refraction can be made [23, 24]. In real situations additional factors, such as the

presence of dissolved gases (eg. CO2 or CH4), fluid composition and turbulence

due to bottom mixing will also have an affect complicating any estimates.

A series of acoustic diffuse vent detection methods started with detection of

uncorrelated acoustic backscatter using a 330kHz Mesotech sonar system mounted

on the DSV SeaCliff [25]. This conical beam sonar scanned parallel to the sea

floor intercepting rising near bottom diffuse flow. Venting can be detected through

the analysis of uncorrelated returns caused by the temperature-dependent changes

in acoustic impedance. During data collection the vehicle remained stationary and

10



was positioned to minimize sea floor obstructions in the sonar’s view. Additional

acoustic detection approaches include computing temperature based of the speed

of sound as determined by the difference between returns emitted from a stationary

sonar system [26]. The stationary nature of these approaches do not allow for the

systematic surveying and exploration of large vent fields.

1.2.3 Flux and Temperature

Once diffuse flow is located, quantitative measurements are necessary to in-

crease the scientific understanding of the vent field. Ideally, a complete survey

would show locations with estimated temperature and flux of diffuse flow. The

most direct approach for establishing temperature requires an array of temper-

ature probes distributed across an active diffuse vent field [1, 4] or manipulated

temperature probes and direct flow meters [6, 27]. Such tactile and sampling ap-

proaches are good for small areas, but don’t translate well to organized surveying

or prospecting in new locations.

Visual quantification of flux has been approached using diffuse flow velocime-

try (DFV) which detects and tracks refractive anomalies as they pass in front of

a stationary background [28]. This approach was evaluated at the Lucky Strike

Vent Field based on collected high speed video segments, temperature probe mea-

surements, and geo-referencing with image mosaics [29, 30]. This solution requires

isolation of a small volume of fluid and does not immediately lend itself to system-

atic surveys with a moving platform.

The previously introduced COVIS system, mounted on the Endeavor node of

the NEPTUNE project, monitors the output of several point source vents and the

discharge rates of diffuse flow in the surrounding area. The diffuse flow is measured

using scintillation, which looks at fluctuations in the acoustic return caused by

turbulence, to estimate flow in a direction perpendicular to the acoustic path [19].
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The flow estimates are then translated to a measure of flux and evaluated for

time varying changes [20]. These methods, although successful, do not translate

easily to surveys from a moving platform. Vehicle motion will complicate the

measurements and the horizontal observation direction is not conducive to high

spatial collocation with other data products (multibeam and images) collected in

a down looking manner.

1.3 Laser Detection Methods
1.3.1 Signal Detection

The index of refraction of seawater is altered by changes in pressure, tem-

perature, wavelength and salinity. For the purposes of this study pressure and

wavelength (532nm) are constant. Venting fluids have consistently higher than

ambient temperature while salinity can greatly vary within a plume due to density

driven mixing. Values for the index of refraction as a function of temperature (up

to 40◦C), pressure, wavelength and salinity are presented in [22] as an empirical

27 term equation. The index of refraction for higher temperature seawater is dis-

cussed in [31]. Additionally, the varied chemical composition of the venting fluids

will cause the index of refraction to differ slightly from the analytically computed

values. The visual affect of small changes in the index of refraction are directly

illustrated by schlieren type experiments [32].

Turbulence caused by the flux of venting fluids and bottom currents creates an

inhomogeneous medium with spatially varying index of refraction. The concept of a

real index of refraction and the effect of turbulence is introduced by [33]. Turbulent

blobs cause continuous angular deviation of light rays leading to additional small

changes in the index of refraction increasing the scattering region (θs). Maximum

increases to the scattering angle occur with increasing salinity and temperature

in the presence of turbulence. It is also noted by [33] this effect can significantly

12



Figure 5: In the presence of active venting the sheet laser passes from the vehicle through media
with varying refraction index due to temperature, salinity and turbulence which increases the
scattering angle of the light. As the laser line is captured by the camera it is also altered by
changing media, further increasing the scattering angle and resulting in an image of a blurred
laser line.
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degrade image quality, which is observed as the laser line is no longer clear and

crisp in the presence of active venting.

The optical path of the laser will pass through the venting fluids with a range

of optical and turbulent properties before reaching the seafloor, and again pass

through on the path to the camera, effectively doubling the impact of the scattering

angle (Figure 5). The resulting blurred laser line image is the net result of the laser

line scattering within this envelope.

By imaging the laser line in this scenario active venting can be determined

and spatially identified. Sample images showing varying degrees of venting are

shown in Figure 3. Our approach thus far has been to compute intensity weighted

statistical moments about the peak of the laser line in each image column. This

characterizes the amount of laser spread and can be used as a proxy for ‘venting

potential’ [34]. A weighted second moment about the peak of the laser line v∗

over a vertical window of size w in each column as illustrated in Figures 6 and

calculated using

v∗+w
2∑

i=v∗−w
2

ri(vi − v∗)2. (1)

Here vi and ri are the comparison pixel location intensity respectively.

Laser profiles including a larger a scattering envelope due to venting will have

a greater second moment and therefore a higher venting potential based on this

computation (Figure 7). Examples of laser line cross sections showing varying

degrees of spreading are shown in Figure 9.
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Figure 6: Cross section of the laser line annotated to compute the weighted second moment
about the centroid of the line.

1.3.2 Laser Line Extraction

Data acquisition (further discussed in Section 1.3.3) and detection of the laser

line through image segmentation processes are identical to the bathymetric ap-

proach [13]. However, unlike the bathymetric approach, the peak of the laser line

is necessary for the weighted second moment computation of venting potential.

The steps of the laser extraction batch processing algorithm are outlined below

in detail, with steps 1-4 common to both bathymetric surveys and vent detection.

The initial raw images are 12bit black and white photos of the laser line incident

with the seafloor.

1. A binary mask is created by thresholding the 12bit image of the laser line

(Figure 8(b)). The intensity threshold is determined by a Neyman-Pearson

test where the signal (the laser line) is deterministic and all background

intensity values are considered noise. Altering the desired value of the prob-
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(a)

(b)

Figure 7: Computing the second moment about the laser line location. 7(a) Center of the
laser line (red) is identified using extraction algorithms. 7(b) Zoomed in view of the laser line
illustrating a the window (yellow) about the extrated line within which the second moment is
computed. (The logrithmic image is shown for clarity.)
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(c) Final laser line extraction

Figure 8: The laser extraction via image segmentation processes. 8(a) An image of the laser line
over the sea floor. 8(b) thresholded image highlighting the selected pixels. 8(c) The location of
the laser line centered peak as a single value in each image column v.
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ability of a Type I error (probability of false alarm) adjusts the threshold

level.

2. Each column within the image is then processed and viewed as an inde-

pendent 1D signal containing the cross-section of the laser line. The peak

intensity of the laser line is at an unknown location v∗. At this point any pixel

having an intensity value greater than the previously determined threshold

is a possible element of the laser line cross-section.

3. Each image column may contain multiple clusters of contiguous pixels above

the threshold. The cluster locations are then compared to the median laser

line location found in neighboring columns and their sizes are compared with

the median line width across the entire image. In the absence of venting this

is typically 1-3 pixels and varies with bottom type, water clarity and survey

altitude. The cluster with properties closest to both medians is selected as

the laser line.

4. For each column, the pixel of maximum intensity within the selected cluster

is chosen as the center of the line and denoted v∗. The resulting pixels create

the laser line profile (Figure 8(c)).

5. With v∗ identified the ‘venting potential’ as described in Section 1.3.1 is

calculated for each image column.

This algorithm is set up as a batch process which produces a complete set of

laser line profiles each with the calculated venting potential. The profiles can be

correlated with the vehicle’s navigation data to create a complete map showing

the spatial distribution of active venting at a survey site.

To complete a map of venting potential no additional tools or procedures are

necessary during data acquisition. The same laser images can be used to create
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Figure 9: Comparison between laser line cross sections. (a) An image over plain seafloor showing
a typical 1-3 above threshold pixel spread. (b) An image over a high flux point source vent. Both
cross sections are shown over the same horizontal scale.
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both spatially co-located bathymetric maps and vent maps. Furthermore, the laser

images are collected simultaneously with still images used for photomosaics (such

as Figure 16(a)) and high resolution multibeam bathymetry.

1.3.3 Survey Methodology

The structured light system set-up discussed in this paper consists of two

Prosilica GC1380 cameras and a 100mW 532nm green sheet laser manufactured

by Diode Laser Concepts, Inc. The stereo cameras are mounted in 6000m rated

pressure housings and arranged in a 300mm baseline stereo configuration. The

laser, in a 6000m housing, is mounted 600mm from the camera baseline and is

verged to intersect the camera optical axes at a range of 3m, the typical survey

altitude. This arrangement translates to a range resolution of 0.5cm per camera

pixel. The sensor rig is mounted at the back of the vehicle away from the for-

ward operational lights to ensure the image background is as dark as possible and

improve the signal to noise ratio.

The survey data analyzed in this paper was collected using the vehicle platform

Hercules, a Remotely Operated Vehicle (ROV) shown in Figure 1. This 4000m

rated ROV is closed loop controlled and completes organized trackline surveys at

prescribed velocities and altitudes. The navigation sensor suite includes a 600kHz

RDI Doppler velocity log (DVL), a Paroscientific pressure depth sensor and an

OCTANS fiber optic gyro system for heading and attitude information. These

data are collected using the DVLNAV software package [35].

During a high resolution imaging survey the vehicle is typically flown at speeds

of 15 to 25cm/s and a constant altitude between 2 and 4m off the bottom. The

laser line is imaged at approximately 20Hz, creating a survey resolution better

than one laser line per centimeter along track and 2-4 laser points per centimeter

across track. A standard high resolution survey 30 x 30m in size and can be
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completed in about 30 minutes. This sensor system is well understood and has

been used to collect data for high resolution maps of geological and archaeological

sites [8, 13, 36, 37].

1.4 Results and Discussion

Our first observation of a blurred laser line due to refraction occured during

a 2010 survey in the active Kolumbo Submarine Volcano Crater near Santorini,

Greece [21, 38, 39]. This led to the development of the current vent detection

algorithm. This process was then applied to additional surveys completed during

2010 and 2011 over known vent fields with the Kolumbo Crater and at the Palinuro

Seamount, Italy. [40]. An overview of the resulting maps of venting potential

follows.

1.4.1 Kolumbo Vent Field, 2010

The Kolumbo Submarine Volcano is the largest volcano of the Kolumbo Vol-

canic Rift Zone and last erupted in 1650CE. The crater is approximately 3km in

diameter with a maximum depth of 500m [21, 38]. This area is characterized by

numerous chimney structures up to three meters high, CO2 bubbling, and venting

fluid with reaching temperatures 200◦C above ambient (Figure 10). Temperature

probe measurements and high definition (HD) video taken during numerous ROV

dives within the area confirm our initial vent detection results.

The ROV surveyed 3m above the seafloor capturing structured light images

as discussed in Section 1.3.3. Blurring and distortion of the laser line was apparent

in the raw black and white images as the laser line was imaged over known active

vents. A map depicting venting potential within a section of the main vent field

is shown in Figure 11(a). For a better understating of vent field activity within

the area, the corresponding map of laser bathymetery is shown in Figure 11(b).
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Figure 10: An active vent within the Kolumbo Crater off the coast of Santorini, Greece. This
vent field contains diffuse and small point source vents with temperatures reaching 200C above
ambient.

Comparison between the two maps indicates the currently active hydrothermal

vent structures and additional areas of diffuse seafloor flow. For example, the tall

structure marked A is an active vent. The significant laser line refraction indicates

high temperature venting most likely accompanied by high flux and turbulence.

Additionally, areas appearing to be flat seafloor in the bathymetric maps, such as

that marked B, contain diffuse flow as detected by the structured light laser system

and confirmed with the ROV and HD video.

Isolated vent within the Kolumbo Crater

The majority of the active vents with in the main vent field of the Kolumbo

Crater are small point source vents. High definition videos of shimmering water

flowing from the vent provides visual confirmation of active venting moments before

the laser line images are captured (Figure 12). Focusing on a single active spire it

is possible to discern the sources of active flow within the structure relative to the

spires. he resulting vent detection and bathymetry maps are shown in Figure 13.

Despite error induced by high flux flow this system maintains sub-meter accuracy.
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(a) Venting map

(b) Bathymetry

Figure 11: Co-located vent identification and bathymetry surveys. 11(a) A map of venting po-
tential indicates venting at the chimney structures (labeled A) and highlights some isolated diffuse
flow in areas lacking geologic features (labeled B). 11(b) The corresponding laser bathymetry of
the main vent field.
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(a) Active spire vent
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(b) Imaged laser line

Figure 12: Data collection at an active vent in the main vent field of Kolumbo Crater. 12(a)
Image capture from the HD Camera mounted on ROV Hercules showing a mirage indicative of
venting fluid. 12(b) Image of the blurred laser line passing over this vent (Logarithmic image
shown for clarity)
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(a) Venting map

(b) Bathymetry

Figure 13: Maps of the isolated spire vent located within Kolumbo Crater. 13(a) The resulting
vent map depicting localized venting at specific points within the chimney structure.13(b) High
resolution laser bathymetry over the active spire vent.
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Figure 14: A temperature probe sampling at the white bacterial mats found near Poet’s Candle.
The brightness of the mats is apparent resulting in a high intensity return when imaged by the
laser. Images from ROV Hercules HD camera.

1.4.2 Poets Candle, 2011

A second survey within Kolumbo encompassed an extensive area of white

bacterial mats (Figure 14), indicative of diffuse sea floor venting, near the active

‘Poet’s Candle’ vent [38]. A shimmering effect due to active venting was consis-

tently noticeable in the HD footage centimeters above the bacterial mats, but not

beyond. Temperature probes indicated a temperature range of 25 − 45◦C above

ambient, and confirmed non-homogeneous venting. Results from this survey are

shown in Figure 15. The raw images from the structured light system showed only

slight visible fluctuations and non-homogeneous blurring of the laser line. Com-

parison between an image mosaic of the area (Figure 15(a)) and the detected vent

maps (Figure 15(b)) show consistencies regarding the boundaries of the bacterial

mats, which are presumed be warmer than the surrounding seafloor.

In this location the highly reflective and spongy the bacterial mats may also

contribute to the spread of the laser line. This issue has been noticed primarily over

highly reflective bottom types which create high intensity reflections and cause the

laser line to appear brighter and wider in the raw images. Additionally, in the case
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of a bacteria mat the laser penetrates the material causing sub-surface reflections

analogous to an internal glow. This effectively increases perceived laser line width

as light scatters from within the material. Lastly, over exposure (camera boom) at

the peak of the laser line due to high intensity returns can further complicate the

detection process. However, even given these caveats some areas within the mat

show distinctly more venting potential than others. Since the mats were observed

to have a very consistent composition this confirms non-homogeneous diffuse flow.

Unlike within the main vent field, the vent activity detected within this survey

can only be seen through visual inspection if the ROV is very close to the seafloor.

The low temperature and low flux venting fluid disperses quickly, but as indicated

by the presented maps the structured light laser system was capable of some level

of remote detection of active venting.

As this data set demonstrates variations in the imaged laser line are not only

influenced by changes in the refractive index but also by the seafloor. It is thus

necessary to discriminate laser line distortions due to active venting from the false

positives caused primarily due to bottom type characteristics. Ideally, it would

be possible to isolate the flow dependent components from the background, the

degree to which this is possible is still unknown.

1.4.3 Palinuro, 2011

A third data set was collected in an area of diffuse venting on the Palinuro

Seamout off the coast of Italy. At a depth of approximately 600m an area of diffuse

flow and biological activity, including live tubeworms, was found [41]. Active

low flux venting was visually apparent at two distinct points and temperature

probes reported values up to 54◦C above ambient. These small diffuse vents were

visually surveyed then mapped by the high resolution multibeam, the structured

light laser sensor and the stereo cameras. Based on the vent map (Figure 16(b))
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(a) Photomosaic

(b) Venting map

Figure 15: Maps created near the ‘Poet’s Candle’ vent within the Kolumbo Crater. 15(a) Photo-
mosaic showing the coverage of the white bacterial mat. 15(b) A venting potential map showing
spots of higher flow (orange and red spots) and a general background patterning (light blue)
consistent with the mat coverage. It is not clear if lower level signals are an artifact of the highly
reflective and porous surface.
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the structured light laser successfully located the two main areas of venting which

correspond to rocky areas with biological activity within the image mosaic (Figure

16(a)).

MAPR

Additionally, during this survey a Miniature Autonomous Plume Recorder

(MAPR) device was mounted on the ROV operating 3m above the sea floor. The

MAPR, developed by NOAA’s VENTS Program is a small, rugged and versa-

tile 6000m rated sensor capable of measuring temperature, pressure and optical

anomalies in an effort to collect hydrothermal plume data. The device can record

temperatures with a resolution of 0.001◦C and pressure to 0.2psi resolution [42].

The MAPR temperature data is plotted over the high resolution multibeam

map in Figure 17. A maximum 0.15◦C change in temperature was apparent. The

locations of temperature anomalies do not however align with the areas of venting

indicated on the vent map (Figure 16(b)) or the biological activity in the pho-

tomosaic. We attribute this to bottom currents advecting the slowly rising vent

fluids. This emphasizes the value of detecting diffuse flow at the source on the sea

floor. There was no temperature signal observed with the standard SeaBird 49

CTD mounted on the top of the vehicle, roughly five meters above the sea floor.

1.5 Conclusion

Systematic detection of diffuse seafloor venting can be accomplished using the

vehicle (ROV or AUV) mounted structured light laser system. As the sheet laser

passes through venting fluids the laser line appears blurred due to changes in the

index of refraction and scattering due to turbulence. By detecting and quantifying

this anomaly, a map of diffuse venting potential can be created as shown at the

three vent sites presented within this paper. Although each illustrates diffuse flow
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(a) Image Mosaic

(b) Vent Map

Figure 16: Comparison between an sea floor photomosaic and the structured light map depicting
areas of active venting. 16(a) Image mosaic of a geologic feature and biological activity found on
the Palinuro Seamount. Living tubeworms and bacteria are indicative of areas of active diffuse
venting. 16(a) The detected vent map of this same area. Distinctive areas of active venting (red)
are present, primarily around areas of biological activity, however of diffuse (light blue) sea floor
flow has also been detected.
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Figure 17: MAPR temperature data plotted over the multibeam bathymetric map at the Pal-
inuro Seamount. Each colored dot represents a MAPR temperature reading where blue dots
are ambient while orange and red represent a detected temperature increase. The maximum
observed temperature anomaly was 0.15◦C above ambient.
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with unique temperature and flux characteristics the structured light laser system

was capable of detection. Verification of the presence of diffuse flow has been

accomplished with temperature probes and visually with a high definition camera.

Future lab and field work will seek to refine the detection process isolating artifacts

such as those due to bottom type characteristics. The capability to systematically

detect diffuse sea floor flow and small point source vents in an autonomous fashion

will allow for a comprehensive understanding of diffuse flow locations critical for

interpreting its contribution to the greater ocean system.
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