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Introduction
An important objective of the Geo-Seas infrastructure is to provide transparent access to the distributed data sets managed at individual Geo-Seas data centres via a single user interface at the Geo-Seas portal and download service. For geological data, the Geo-Seas infrastructure will adopt and, where needed, adapt the SeaDataNet standards and protocols. 
In the SeaDataNet architecture, the Common Data Index (CDI) provides the link between discovery and delivery. The CDI metadata format is based upon the ISO 19115 standard and gives information on the what, where, when, how, and who of data sets. It also gives standardised information on the data-access restrictions that apply. Thus, the CDI metadata service gives users a detailed insight in the availability and geographical distribution of marine data archived at the connected data centres, and provides the means for downloading data sets in common formats via a transaction mechanism.

Delivery of data to users is done by means of common data-transport formats, considering the SeaDataNet standards as a first option. These formats interact with other SeaDataNet standards (Vocabularies, Quality Flag Scale) and analysis & presentation tools (ODV, DIVA).  The following formats have been defined:
· SeaDataNet ODV4 ASCII for profiles, time series and trajectories

· NetCDF with CF compliance for gridded datasets

The ODV4 ASCII format is fit for use with the freely available Ocean Data View (ODV) software package, which is a fundamental data-analysis and visualisation software tool. ODV provides interactive exploration, analysis and visualisation of oceanographic and other geo-referenced profile or sequence data. It is available for all major computer platforms and currently has more than 10,000 registered users. ODV has a rich set of interactive capabilities and supports a wide range of plot types, making ODV highly suitable for visual and automated quality control. The latest release, ODV4, developed as part of SeaDataNet, has been extended with a SeaDataNet semantic header and is compatible with the SeaDataNet ODV ASCII format. 

Typically, geological data sets include information on multiple parameters for one or more depth ranges. Stations with one depth range may be treated as point samples but stations with more depth ranges comprise multi-parameter (vertical) profile data sets. This complexity precludes application of existing ODV standards and requires an analysis how different geological data sets can be formatted in the SeaDataNet ODV4 ASCII data-transport format. This analysis, as presented here, takes into account practices in the international community and at individual Geo-Seas partners.

Geological data comprise a wide range of parameters, both estimated visually and measured in the field or in the laboratory. In fitting these to the ODV format, a balance must be struck between completeness of the downloadable data and relevance to the majority of end users. For example, analyses of shell species or of rock type in gravel are commonly included in core descriptions of some Geo-Seas partners, but they are relevant only to a select group of geological end users. It is also important to adhere as much as possible to international standards for the classification of geological data. Many partner organisations describe and classify their geological data according to their own standards. This approach works well for their traditional, national tasks, but as early as the 1970s, trans-boundary geological mapping has shown that common classification standards are a necessity.

In SeaDataNet practice, the use of common vocabularies in all metadatabases and data formats is an important prerequisite for consistency and interoperability. Common vocabularies consist of lists of standardised terms that cover a broad spectrum of disciplines of relevance to the oceanographic community and beyond. Using standardised sets of terms solves the problem of ambiguities associated with data markup and also enables records to be interpreted by computers. This opens up data sets to a wide range of possibilities for computer-aided manipulation, distribution and long-term reuse. Common vocabularies were set up and are operated as web services by SeaDataNet. The common vocabularies web service is populated with lists describing numerous entities relevant to marine metadata and data such as parameters, sea-area names, platform classes, instrument types.

Content governance of the vocabularies is very important. It is the responsibility of a combined SeaDataNet and MarineXML Vocabulary Content Governance Group (SeaVoX), moderated by BODC, and including experts from SeaDataNet, MMI, MOTIIVE, JCOMMOPS and more international groups. SeaVox discussions are facilitated through an e-mail list server.

For geological data, Geo-Seas adopts the SeaDataNet common vocabularies to mark up the Geo-Seas metadata records and to describe the parameters and units in the metadata header of the ODV4 ASCII data files. As presently available terms do not cover all data parameters, WP4.4 analyses which additional terms are required to describe geological data sets in an efficient and uniform way. The resulting list of newly proposed terms can be incorporated into the SeaDataNet common vocabularies as part of WP4.3.

The main WP4.4 deliverables are a number of examples of different geological data sets that are formatted following the SeaDataNet ODV4 ASCII format, and a full set of common vocabularies. At present, it is limited to unconsolidated sediments.

The common exchange formats defined as part of WP4.4 do not represent a static set of rules. User feedback, Geo-Seas partner experience and input from outside Europe will be used to further improve and streamline the exchange of geological data. 

Geological parameters
Visual descriptions and field and laboratory measurements

Geological data comprise a wide range of parameters, both estimated visually and measured in the field or in the laboratory. Visual estimates and measured parameters are treated separately.

Visual descriptions are the basis of every core log, and thus form the backbone of the geological databases. Despite the fact that standard protocols have been developed for uniform descriptions, they include an inherent component of inaccuracy because each geologist is different, and because a well-rested geologist will make a different description than the same geologist when tired or pressed for time. This inaccuracy is difficult to quantify.

Field or laboratory measurements on geological samples are much less common than visual descriptions. They add important information on age, grain-size distribution, depositional environment, geotechnical behaviour and chemical composition of the sediment. The methods with which these parameters are analysed have changed and improved in the course of time. The inaccuracy of the analyses is systematic and thus easier to quantify than that of the visual descriptions. Nevertheless, it may be difficult to compare results obtained from one method with those from another.

Visual descriptions

A standard visual description includes header information, lithological characteristics and some form of lithostratigraphic classification. A lithostratigraphic unit conforms to the law of superposition, which states that in undisturbed sedimentary successions, younger units lie above older ones. Lithostratigraphic units are recognized and defined on the basis of laterally and vertically traceable sets of characteristics. The fundamental lithostratigraphic unit is the Formation. The formation is a lithologically distinctive stratigraphic unit that is large enough to be mappable and traceable.

The header information describes station, type of coring device, date and time of sampling, position, water depth, reference plane associated with this water depth and date of core description.

Typically, lithological characteristics are listed in core logs, focusing on the macroscopic description of sediment. In these logs, each layer is described individually. Essential elements of these logs are depth of the layer top relative to the seabed, main lithology (clastic sediments from boulders to colloids, different types of organic sediments, shells), admixtures of secondary material (gravelly, sandy, muddy, peaty), colour, median grain size, sorting and sedimentary structures. 
The lithostratigraphic classification provides information on the depositional environment of units described in core logs. Although lithostratigraphic units are not defined by age, they do include information on relative age. Usually, three levels are employed in core logs: Formation, Member and Bed. Lithostratigraphy is subject to changing conventions and ideas, and must therefore be treated with caution.
Field and laboratory measurements

A standard result of a (series of) field or laboratory measurement(s) for a station includes header information and analytical results per depth interval. These analytical results can belong to the same station as a visual description described in section 2.2. 
The number of sediment characteristics that can be measured by field or laboratory techniques is large, and commonly, more than one technique is available to analyse a specific characteristic. The most relevant ones, to be incorporated in the Geo-Seas geological data-exchange standard, are listed in Table 1.
	methodology
	Parameter
	technique

	dating
	age
	U-Pb, Sm-Nd, K-Ar, Rb-Sr, U-Th, 14C, OSL and other methods 

	granulometry
	grain-size distribution
	sieve analysis, photo analysis, optical counting, electroresistance counting, settling-tube analysis, laser-diffraction analysis and other methods

	granulometry
	Folk-Ward parameters (graphic mean, inclusive graphic standard deviation, inclusive graphic skewness, graphic kurtosis), mathematically derived moments (mean, standard deviation, skewness, kurtosis)
	statistical analysis of granulometry data

	micropalaeontology
	abundance of calcareous microfossils (including coccoliths and foraminifera)
	analysis by light microscope of concentrated sample mounted on slide 

	micropalaeontology
	abundance of phosphatic microfossils (including conodonts)
	analysis by light microscope of concentrated sample mounted on slide

	micropalaeontology
	abundance of siliceous microfossils (including diatoms and radiolaria)
	analysis by light microscope of concentrated sample mounted on slide

	micropalaeontology
	abundance of organic microfossils (including pollen and spores)
	analysis by light microscope of concentrated sample mounted on slide

	geomechanics
	undrained shear strength
	torvane, pocket penetrometer

	geomechanics
	plasticity index
	Casagrande method, cone penetrometer, soil snake test

	geomechanics
	moisture content
	weighing wet and dry sediment, time-domain reflectometry

	geomechanics
	bulk density (wet and dry)
	weighing standard volumes of wet and dry sediment

	geomechanics
	effective friction angle
	triaxial shear test, direct shear test

	geomechanics
	porosity
	determining bulk volume and volume of skeletal material

	geomechanics
	cone resistance
	cone-penetration test

	geomechanics
	pore pressure
	tensiometer method

	geochemistry
	mineral chemistry, and concentration of heavy metals, trace elements, PCBs and other organic pollutants
	XRF, MS, AAS, ICP-MS, ICP-AES, GC-MS, GC-IRMS, spectrophotometry, chromatography, TGA and other methods

	automated core logging
	P-wave velocity, density, magnetic susceptibility, resistivity, mineral chemistry, sedimentary structures
	piezo-electric transducer, gamma-ray detection, Bartington loop sensor, gamma spectrometry, XRF, X-ray imaging


Table 1. Parameters analysed and methods used in field and laboratory measurements.
Classifications and terminology used in visual core descriptions
Main lithology
The main lithology is defined as the dominant clastic or organic component in a sediment sample. The most common organic units are gyttja (organic mud consisting of decayed micro-organisms, plant remains, aquatic animals and their faeces) and peat (partially decayed vegetation matter). Clastic units are more diverse, and they are described using different classification systems, not always with different terminology but commonly with different class boundaries. Even within individual partner organisations, multiple classification systems may have been used in the course of time. For example, the Geological Survey of the Netherlands (now part of TNO) has switched between systems several times during the past 40 years, the period during which most of the marine cores have been collected. As a result, very coarse sand in a core from 1970 is different from very coarse sand in a core from 2000.

In international geological research, the most commonly used classification system is the Udden-Wentworth scale (Udden, 1914; Wentworth, 1922). It is a good choice for the Geo-Seas standard because it uses clear, universally recognised terminology (Table 2) and contains sufficient detail for end users. In the conversion from locally used scales to the Udden-Wentworth scale, two translation options are possible: from grain-size ranges (for example 250-420 μm = 0.25-0.5 mm) or from text fields (for example, moderately fine sand = medium sand).
	size range (mm)
	Phi range
	Wentworth class
	Code

	>256
	<-8
	Boulder
	BOUL

	64-256
	-8 to -6
	Cobble
	COBB

	32-64
	-6 to -5
	Very coarse gravel (pebble)
	GRVC


	16-32
	-5 to -4
	Coarse gravel (pebble)
	GRC

	8-16
	-4 to -3
	Medium gravel (pebble)
	GRM

	4-8
	-3 to -2
	Fine gravel (pebble)
	GRF

	2-4
	-2 to -1
	Very fine gravel (granule)
	GRVF

	1-2
	-1 to 0
	Very coarse sand
	SDVC

	0.5-1
	0 to 1
	Coarse sand
	SDC

	0.25-0.5
	1 to 2
	Medium sand
	SDM

	0.125-0.25
	2 to 3
	Fine sand
	SDF

	0.0625-0.125
	3 to 4
	Very fine sand
	SDVF

	0.0039-0.0625
	4 to 8
	Silt (mud)
	SILT

	0.001-0.0039
	8 to 10
	Clay (mud)
	CLAY

	<0.001
	>10
	Colloid (mud)
	COLL


Table 2. Udden-Wentworth scale.

Admixtures of secondary material
Using the main lithology is not sufficient to characterise most sediments. They commonly include admixtures of secondary material. Sediments consisting of different clastic components are described using different classification systems, as with lithology not always with different terminology but commonly with different class boundaries.
In international geological research, the most commonly used system is the Folk classification (Folk, 1954). It is a good choice for the Geo-Seas standard because it uses clear, universally recognised terminology and contains relevant detail for end users. To optimise the classification, the BGS has changed the percentage gravel subdivision line at ‘trace’ to a percentage gravel subdivision line at 1% as part of their seabed-mapping programme (Figure 1). In addition, it is useful to incorporate the modification of Flemming (2000) when classifying gravel-free (<1%) muddy sediments. He distinguishes six sediment types on the basis of mud and sand content: sand (<5% mud), slightly muddy sand (5-25% mud), muddy sand (25-50% mud), sandy mud (50-75% mud), slightly sandy mud (75-95% mud) and mud (>95% mud). In the conversion from locally used terminology to the modified Folk classification (Table 3), two translation options are possible: from gravel, sand and mud percentages (for example 20-10-70% = gravelly mud) or from text fields (for example, moderately gravelly, clayey silt = gravelly mud).

Additional sediment types that are useful for incorporation in the standards are diamicton (poorly sorted clastic sediment in which gravel-sized and larger clasts are set in a matrix of fines), wood, peat (>25% organics) and gyttja. Slightly peaty (5-10) and peaty (10-25% organics) clastic sediments denote admixture of organics in sediment classified as sand or mud. 
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Figure 1. Modified Folk classification used by the BGS, adjusted by Flemming (2000).

	sand:mud ratio
	gravel percentage
	Folk class
	Code

	<1:19
	<1
	mud
	M

	1:19 to 1:3
	<1
	slightly sandy mud
	(s)M

	1:3 to 1:1
	<1
	sandy mud
	sM

	1:1 to 3:1
	<1
	muddy sand
	mS

	3:1 to 19:1
	<1
	slightly muddy sand
	(m)S

	<1:9
	1-5
	slightly gravelly mud
	(g)M

	1:9 to 1:1
	1-5
	slightly gravelly sandy mud
	(g)sM

	1:1 to 9:1
	1-5
	slightly gravelly muddy sand
	(g)mS

	>9:1
	1-5
	slightly gravelly sand
	(g)S

	<1:1
	5-30
	gravelly mud
	gM

	1:1 to 9:1
	5-30
	gravelly muddy sand
	gmS

	>9:1
	5-30
	gravelly sand
	gS

	<1:1
	30-80
	muddy gravel
	mG

	1:1 to 9:1
	30-80
	muddy sandy gravel
	msG

	>9:1
	30-80
	sandy gravel
	sG

	all ratios
	>80
	gravel
	G


Table 3. Modified Folk classification with additions by Flemming (2000).

Shell material larger than 2 mm is commonly described in core logs, and should be part of the Geo-Seas standard. It is part of the gravel fraction, but is treated separately because it has different implications for depositional environment and seabed habitats than siliciclastic gravel, and behaves differently than siliciclastic gravel under similar hydrodynamic conditions. A classification into little (1-10%) and much (10-30%) is proposed. Sediments with more than 30% shells are classified as shell beds. 
Colour
The colour of sediment provides information on depositional conditions such as aerobic and anaerobic environments, availability of organics and tropical influences. Colours are commonly assigned using subjective methods, and entered as text. An objective method for assigning colour is the Munsell colour system, a colour space based on three color dimensions: hue (similarity to red, green, blue and yellow), value (lightness), and chroma (colour purity). It was adopted by the USDA as the official colour system for soil research in the 1930s. At this point, no unifirm classification is proposed yet. 
 Median grain size
Median grain size is an important parameter in seabed-sediment characterisation. It affects seabed habitats, morphodynamics and seabed response to human activities. It is also useful in the description of subsurface sediments. Median grain size can be used in visual representations of core logs as a measure of column width. Median grain size is not a straightforward term. Some organisations describe the median grain size of the sand fraction, whereas others also include gravel and mud. In gravelly sediment, determination of the median grain size may be very difficult. Geo-Seas partners need to agree on a common definition.
1.1 Sorting

Sorting indicates the grain-size distribution of sediments. Well-sorted sediments are generally porous, whereas poorly sorted rocks have low porosity. In visual descriptions, sorting is commonly determined using an estimation chart (cf. Anstey and Chase, 1974). Such charts allow the distinction between very well-sorted, well-sorted, moderately sorted and poorly sorted sediments, as well as bimodal sediments. In assigning numeric values to these classes, approximate midpoints of sorting classes as defined for laboratory grain-size analyses (cf. Table 5) can be used (i.e. 0.2, 0.4, 0.8 and 1.6 φ). 
1.2 Sedimentary structures

Sedimentary structures, visible in undisturbed cores, are important in determining depositional environment of a unit. They are relevant from a geotechnical, geochemical and habitat perspective, providing information on the vertical variability of sediment type. Sedimentary structures belong to four main classes: planar stratification, cross-stratification, irregular stratification, and bioturbation. In order for the standard to remain clear and relevant to end users, the number of sedimentary structures included needs to be limited (Table 4).
	class
	type

	planar stratification
	laminated bedding

	planar stratification
	graded bedding

	planar stratification
	massive bedding

	cross-stratification
	cross-bedding

	cross-stratification
	flaser or lenticular bedding

	cross-stratification
	hummocky bedding

	irregular stratification
	convolute bedding

	bioturbation
	burrows

	bioturbation
	root casts


Table 4. Sedimentary structures.

Representation of field and laboratory measurement results
Dating

Dating results are usually represented in calendar or 14C years BP (before present = AD 1950), in years BC or AD, or in ka (thousand years), Ma (million years) or Ga (billion years).
Granulometry

Traditionally, granulometry results have been represented by specific grain-size parameters, such as mode (most frequently occurring particle size), median (midpoint of the grain-size distribution), mean (arithmetic average of all particle sizes in a sample), standard deviation (sorting; Table 5), skewness (degree of asymmetry; Table 6) and kurtosis (degree of peakedness; Table 7). These parameters could be determined graphically (read directly from cumulative-frequency curves at five points (the 5, 16, 50, 84, and 95 percentiles; Folk and Ward, 1957) or calculated using the method of moments (Krumbein, 1936; Krumbein and Pettijohn, 1938). In open-ended distributions, applying the method of moments is probably not justified (Folk, 1974). At present, full distribution curves in half-phi values as defined by Wentworth (1922; Table 2) can also be made available (in weight or volume percentages, depending on the laboratory method used).
	standard deviation
	descriptive term

	<0.35Φ
	very well sorted

	0.35 to 0.50Φ
	well sorted

	0.50 to 0.71Φ
	moderately well sorted

	0.71 to 1.00Φ
	moderately sorted

	1.00 to 2.00Φ
	poorly sorted

	2.00 to 4.00Φ
	very poorly sorted

	>4.00Φ
	extremely poorly sorted


Table 5. Sorting classes.
	skewness
	descriptive term

	>+0.30
	strongly fine skewed

	+0.30 to +0.10
	fine skewed

	+0.10 to -0.10
	near symmetrical

	-0.10 to -0.30
	coarse skewed

	<-0.30
	strongly coarse skewed


Table 6. Skewness classes.
	excess kurtosis
	descriptive term

	>0
	leptokurtic: sharp-peaked

	0
	mesokurtic: normal-peaked

	<0
	platykurtic: flat-peaked


Table 7. Kurtosis classes.
Micropalaeontology

Micropalaeontological analyses are represented as specimen counts in diagrams and tables, with absolute and relative abundance of grains from each pollen and spore taxon, tests from foraminifera, coccoliths, conodont elements, diatom frustules, radiolarian skeletons and other microfossils.
Geomechanics

All geotechnical analyses are represented by numerical values and not by classes. The associated units are given in Table 8.

	parameter
	unit

	undrained shear strength
	kN/m2 (kPa)

	plasticity index
	%

	moisture content
	%

	bulk density
	kg/m3

	effective friction angle
	°

	porosity
	%

	cone resistance
	MN/m2 (MPa)

	pore pressure
	kN/m2 (kPa)


Table 8. Geotechnical parameters and their units.

Geochemistry

Geochemical analyses are commonly represented as weight percentages of oxides, for common minerals, and as ppm or ppb, for heavy metals, trace elements, PCBs and other organic pollutants. Numerical values or ranges are provided as is, and not assigned to classes.
Automated core logging

Automated core loggers can be programmed to analyse cores at set intervals, for example every centimetre. P-wave velocity is measured in km/s, density in kg/m3, magnetic susceptibility is dimensionless, resistivity is measured in Ωm, and elemental abundance in ppm. Numerical Numerical values or ranges are provided as is, and not assigned to classes.
Depositional environments and lithostratigraphy
The term ‘depositional environment’ describes the combination of physical, chemical and biological processes associated with the deposition of a particular type of sediment. It is primarily relevant for geologist, but may also be of interest to archaeologists assessing the marine-heritage potential of sedimentary units. The Geo-Seas standard will follow the general classification presented in sedimentological textbooks (Table 9), keeping in mind that some units can be designated to more than one sedimentary environment (for example a coastal dune, which is an aeolian but also a marginal-marine environment).
	main class
	environment
	Description

	marine
	oceanic
	seaward from the shelf break, where the continental slope begins

	marine
	siliciclastic shelf
	low-relief platform seaward from the steeper shoreface

	marine
	carbonate shelf
	low-relief carbonate platform seaward from the steeper shoreface

	marginal-marine
	tidal flat and tidal channel
	a tidal flat is a marshy and muddy to sandy area partially uncovered by the rise and fall of tides (their upper parts are commonly occupied by marshes or mangrove forests); tidal flats are dissected by tidal channels that exchange water between tidal basins and the sea

	marginal-marine
	estuary and lagoon
	an estuary is an inlet of the sea reaching into a river valley as far as the upper limit of tidal rise (Fairbridge, 1980); a lagoon is a low-energy, shallow stretch of seawater, partly or completely separated from the sea by a low and narrow elongate strip of land (Bates and Jackson, 1980)

	marginal-marine
	beach and barrier island
	long and narrow accumulations of sand aligned parallel to the shoreline and either attached to land (beaches) or separated from land by a lagoon, estuary or marsh; includes shoreface, beach, coastal dunes and back-barrier washovers

	marginal-marine
	delta
	subaerial and subaqueous environment where a river discharges greater quantities of sediment into a standing body of water than can be removed by waves and currents

	continental
	fluvial
	braided and meandering river systems; alluvial fans

	continental
	aeolian
	areas dominated by wind-driven sedimentation and erosion, such as sand seas in deserts, sand-dune fields, loess plateaus and desert pavements

	continental
	lacustrine
	lake environments

	continental
	glacial
	composite environment in direct contact with glacial ice that includes fluvial, aeolian, lacustrine and marginal-marine subenvironments; subdivided into subglacial (below the glacier), englacial (within the glacier), supraglacial (on top of the glacier surface), ice-contact (around the margin of the glacier) and periglacial (any place where geomorphic processes related to freezing of water occur) environments


Table 9. Depositional environments.
Lithostratigraphy provides the means to correlate between different cores and turn point data into data products such as profiles and grids. It is also instrumental in assigning depositional environments to units, as these are usually not listed separately in core logs but are defined for most lithostratigraphic units. 

Many different lithostratigraphic classifications are used in European countries. Development of common stratigraphic standards has been necessary only in transnational mapping efforts, such as those carried out by the geological surveys of the UK, the Netherlands and Belgium. Therefore, a Geo-Seas standard cannot be defined yeat, and local terminology must be used for now. In the future, Geo-Seas should adopt definitions worked out in OneGeology Europe and in EMODNET Geology.
6. The SeaDataNet ODV4 ASCII data format 

The definition of the SeaDataNet ODV4 ASCII data format is described in Schlitzer and Lowry (2009). Their report is summarised below. 

Within the SeaDataNet architecture each CDI metadata record maps to a single physical file in the ODV4 format.  The granularity for the CDI data model is defined as discrete profiles or instrument-time-series records. Consequently, each physical file will contain data of a single ‘type’ (bottle, CTD, grab sample, core, etc.) from a single station.  

The fundamental data model underlying the ODV4 format is the spreadsheet: i.e. a collection of rows each having the same fixed number of columns.  There are three different types of column:
· Metadata column
· Primary variable data column (one column for the value plus one for the qualifying flag)

· Data column
The metadata columns are stored at the left-hand end of the row, followed by the primary variable columns and then the data columns.

There are three different types of row:

· Comment row
· Column header row

· Data row

Data rows with identical metadata parameters are grouped together. 

Data of different ‘shapes’ (profiles, time series and trajectories) are mapped onto this data model as follows:

· Profile data, such as CTD or bottle data, have row_groups made up of measurements at different depths.  The metadata date and time are set to the time when the profile measurement started. The primary variable is the ‘z coordinate’, which for SeaDataNet is either depth in metres or pressure in decibars. Rows within the row_group are ordered by increasing depth.

· Point time series, such as current meter or sea level data, have row_groups made up of measurements from a given instrument at different times.  The metadata date and time are set to the time when the first measurement was made. 

· Trajectories, such as underway data, have row_groups made up of a single measurement making the metadata time and positions the spatio-temporal coordinate channels.  The primary variable is the ‘z coordinate’, which for SeaDataNet is standardised as depth in metres. Rows within the row_group are ordered by increasing time.

Each ODV4 file is made up of four parts:

· User comments

· SeaDataNet semantic header

· Column header row

· Data row
User Comments:

These are prefixed by the characters // and may appear anywhere in the data file other than within the SeaDataNet semantic header. 

SeaDataNet Semantic Header

This is a set of ‘special’ mandatory comment lines that must appear before the column header row.  Their function is to map the text strings used to label the metadata and data columns to standardised SeaDataNet concepts, which is necessary if data files from different sources are to be combined in a meaningful way.

The header begins with the line:

//SDN_parameter_mapping

This is followed by a line for each DATA column, including the primary variable, made up of three parts, each tagged to look like an XML element:
subject element:
This contains the text used to label the column EXACTLY as it appears in the column row header WITHOUT the units declaration prefixed by the text ‘SDN:LOCAL:’ to encode it as a SeaDataNet URN.  

object element:
This contains the URN to a concept from the SeaDataNet P011 common vocabulary which contains over 20000 terms.  (http://vocab.ndg.nerc.ac.uk/list/P011/current) 

units element:
This contains a URN for the storage units used IN THE FILE for the data column in the SeaDataNet P061 common vocabulary (http://vocab.ndg.nerc.ac.uk/list/P061/current).  
The following are examples of valid data column semantic descriptions:

//<subject>SDN:LOCAL:Depth</subject><object>SDN:P011::ADEPZZ01</object><units>SDN:P061::ULAA</units>

//<subject>SDN:LOCAL:Temperature</subject><object>SDN:P011::TEMPS901</object><units>SDN:P061::UPAA</units>

//<subject>SDN:LOCAL:Salinity</subject><object>SDN:P011::PSALST01</object><units>SDN:P061::UUUU</units>

//<subject>SDN:LOCAL:Oxygen</subject><object>SDN:P011::DOXYCZ01</object><units>SDN:P061::KGUM</units>

//<subject>SDN:LOCAL:Phosphate</subject><object>SDN:P011::PHOSZZXX</object><units>SDN:P061::KGUM</units>

//<subject>SDN:LOCAL:Silicate</subject><object>SDN:P011::SLCAZZXX</object><units>SDN:P061::KGUM</units>

//<subject>SDN:LOCAL:Nitrate</subject><object>SDN:P011::NTRAZZXX</object><units>SDN:P061::KGUM</units>

The semantic descriptions are terminated by an empty comment record (i.e. a record containing the // characters and nothing else).
Column Header Row:

This contains a label for each column of the file.  The leftmost columns are the metadata columns, followed by the data-column pairs (a data column plus a qualifying-flag column). The following metadata column header labels are mandatory and must be included EXACTLY as written:
· Cruise

· Station

· Type


· yyyy-mm-ddThh:mm:ss.sss


· Longitude [degrees_east]


· Latitude [degrees_north]

· LOCAL_CDI_ID


· EDMO_code


· Bot. Depth [m]



These standardised metadata column headings are followed by pairs of column headings, with one pair for the primary variable followed by one pair for each data parameter.  The first heading in each pair is the description for the data parameter plus its storage units enclosed in brackets, such as ‘Salinity [psu]’.  The second heading in each pair is always ‘QV:SEADATANET’.
Data Row:

The metadata columns are populated as follows:
Cruise
A text string identifying the grouping label for the data object to which the data row belongs. This will be the cruise name for data types such as CTD and bottle data, but could be something like a mooring name for current meter data. 

Station
A text string identifying the data object to which the data row belongs.  This will be the station name for some types of data, but could also be an instrument-deployment identifier. 

Type
The type of data. Set to 'C' for CTD and XBT profile data and 'B' for bottle profile data. For other data types (e.g., time series, trajectories, etc.) set to ‘B’ for small (<250 rows) row_groups or ‘C’ for larger row_groups. Alternatively it can be set to a default value of '*'.  

yyyy-mm-ddThh:mm:ss.sss
Date and time (UT time zone) when the sample was collected or measurement was made in extended ISO8601 format such as 2008-04-23T15:15:00.000.

Longitude [degrees_east]
Longitude as decimal degrees where the sample was collected or measurement was made.

Latitude [degrees_north]
Latitude as decimal degrees where the sample was collected or measurement was made.

LOCAL_CDI_ID
The local identifier of the Common Data Index (CDI) record associated with the data row. The maximum size allowed for this parameter is 80 bytes. Note 1: the CDI record gives additional metadata about the observation and data set. Users will download ODV4 files together with the CDI metadata. Note 2: The local identifier is the unique CDI identifier as generated and managed by the local data centre.

EDMO_code
The key identifying the local data centre responsible for assigning the local CDI given in the SeaDataNet European Directory of Marine Organisations (EDMO). EDMO is maintained by the SeaDataNet NODC’s and contains the contact information and activity profiles for organisations that are active in marine data activities. EDMO at present covers more than 1,500 addresses and profiles of organisations. 


Bot. Depth [m]
Bathymetric water depth in metres where the sample was collected or measurement was made. Set to zero if unknown or inapplicable.

As metadata values are constant throughout a row_group, it is usual practice just to populate the first row.

The metadata values are followed by the primary variable value, its flag and then the data value plus qualifying flag pairs for each parameter.  Values are taken from the SeaDataNet vocabulary for qualifying flags (L201 at http://vocab.ndg.nerc.ac.uk/list/L201/current).  

The SeaDataNet Quality Flags are as follows:

0 = no quality control 
1 = good value 
2 = probably good value 
3 = probably bad value 
4 = bad value 
5 = changed value 
6 = value below detection 
7 = value in excess 
8 = interpolated value 
9 = missing value 
A = value phenomenon uncertain

If there is no data value then the data value column is left blank with the flag field set to ‘9’.

All times in SeaDataNet data files are presented as universal time (UT) and all positions are presented such that tools may assume the WGS84 CRS.  This means that positions with known CRS must be transformed to WGS84 prior to output to the file.  Data for which the CRS is unknown are of insufficient accuracy for the assumption of WGS84 to be significant and are therefore output unmodified.

7.
Applying ODV4 for geological data sets and extending Common Vocabularies: P011 and P061 codes

7.1
ODV Header information

When applying the ODV4 format for geological data sets, the ODV4 header section can be completed as indicated below in Table 10. 

Essential information concerns station, type of coring device, date and time of sampling, position, water depth and reference plane associated with this water depth. For some existing fields, new entries are defined.
	metadata column
	description

	Cruise
	survey name

	Station
	name of core log

	Type
	To be set to the default value ‘*’

	yyyy-mm-ddThh:mm:ss:sss
	Date and time (UT time zone) when the sample was collected or measurement was made in extended ISO8601 format such as 2008-04-23T15:15:00.000.

	longitude [degrees east]
	Longitude as decimal degrees where the sample was collected or measurement was made.

	latitude [degrees north]
	Latitude as decimal degrees where the sample was collected or measurement was made.

	LOCAL_CDI_ID
	local identifier of the CDI record

	EDMO_code
	organisation responsible for assigning the local CDI

	Bot. Depth [m]
	Bathymetric water depth in metres where the sample was collected or measurement was made. Set to zero if unknown or inapplicable.


Table 10. ODV metadata fields for exchange of geological data.
The semantic header and the data columns will list the measured parameters following the common vocabulary P011 and the associated units following the common vocabulary P061. Therefore it is considered per type of geological analysis which P011 and P061 terms should be used and whether extensions to the common vocabularies are required. 
7.2
Lithology and sedimentology
No P011 entrykeys and entryterms have been defined yet for the P021 entryterm ‘Lithology’. Newly proposed terms are listed in Table 11. All these terms can be used in conjunction with existing identifiers of ‘Depth below seabed’ (top of sedimentary unit) and ‘Sample length’ (thickness of sedimentary unit) to build a vertical succession. This vertical succession forms a digitally available core log. It is proposed to modify the definition of the P021 term ‘Lithology’ from ‘parameters describing rocks on the basis of physical characteristics such as colour, structure, mineralogy and grain size’ to ‘parameters describing rocks and sediments on the basis of physical characteristics such as colour, mineralogy and grain size’, leaving out structure.
	Entryterm
	entrytermabbr
	entrytermdef
	P011 entrykey
	P061 entrykey

	Depth below surface of the bed
	DepBelowBed
	depth of the top of a lithological unit below the seabed
	COREDIST
	ULAA

	Sample length
	SampLeng
	vertical range of a lithological unit
	SEGMLENG
	ULAA

	Grain-size size class lower limit (Wentworth scale) by visual estimation
	WentClMin
	lower limit of the grain-size class (Wentworth scale) to which a sample can be assigned by visual estimation
	WENTCLMM
	UXMM

	Grain-size size class lower limit (Wentworth scale) by visual estimation
	WentClMax
	upper limit of the grain-size class (Wentworth scale) to which a sample can be assigned by visual estimation
	WENTCLMX
	UXMM

	Proportion of clay size fraction particles in sediment
	Clay
	visually estimated percentage of clay in sediment
	CLAYPRVS
	UPCT

	Proportion of silt size fraction particles in sediment
	Silt
	visually estimated percentage of silt in sediment
	SILTPRVS
	UPCT

	Proportion of sand size fraction particles in sediment
	Sand
	visually estimated percentage of sand in sediment
	SANDPRVS
	UPCT

	Proportion of mud size fraction particles in sediment
	Mud
	visually estimated percentage of mud in sediment
	MUDPRVIS
	UPCT

	Proportion of gravel size fraction particles in sediment
	Gravel
	visually estimated percentage of gravel in sediment
	GRAVPRVS
	UPCT

	Adjusted Folk class
	AdjFolkClass
	class of clastic rock and sediment defined on the basis of sand:mud ratio and gravel percentage, using Folk scheme adjusted by BGS and by Flemming (2000)
	FOLKADJU
	UUUU

	Non-Folk sediment type
	NonFolkSed
	class of sediment not included in adjusted Folk scheme
	NOFOLKST
	UUUU

	Percentage of organics in sediment
	OrgCarbVis
	organic-carbon percentage in sediment by visual estimation
	ORGPERCS
	UPCT

	Shell abundance
	ShellAbVis
	percentage of shell material in sediment by visual estimation
	SHELPERC
	UPCT

	Colour of sediment
	ColSed
	colour of sediment
	COLSEDIM
	UUUU

	Visually estimated median grain size of sediment
	MedSizeVis
	visually estimated diameter of sediment grains for which 50% of the particles are finer and 50% coarser
	PC50VIES
	UMIC

	Visually estimated sorting of sediment
	SortVis
	visually estimated range of grain sizes present in a sediment sample
	SRTCVIES
	UUUU


Table 11. P011 entrykeys and entryterms for lithology (P021 entrykey = LITH), needed to build digital core logs. New terms and definitions are denoted in italics. Note that WENTCLMM and WENTCLMX are entrykeys for P021 entrykey MNGS.
It is also proposed to create new P031 entryterms ‘Rock and sediment sedimentology’ and ‘Rock and sediment stratigraphy’ under P081 entrykey DS04 (= marine geology). The newly defined P031 entryterm ‘Rock and sediment sedimentology’ is to be subdivided into P021 entryterms ‘Sedimentary structures’ and ‘Depositional environment’ (Table 12), and these are in turn to be filled with new P011 entryterms as indicated in Table 13. 
	entryterm
	entrytermabbr
	Entrytermdef
	Entrykey

	Rock and sediment sedimentology
	Sedimentol
	parameters pertaining to the sedimentological characterisation of rocks (including speleothems) and unlithified sediment.
	P031 entrykey needed

	Sedimentary structure
	SedStruct
	parameter describing rocks and sediments on the basis of sedimentary structures
	P021 code SEDI

	Depositional environment
	DepEnv
	parameter interpreting rocks and sediments in terms of depositional environments
	P021 code STRA


Table 12. Newly proposed P031 and P021 entrykeys.
	entryterm
	entrytermabbr
	Entrytermdef
	P011 code
	P061 code

	Stratification
	SedStratif
	parameter describing bedding and lamination
	SSSTRATF
	UUUU

	Bioturbation
	SedBioturb
	parameter describing sediment disturbance by animals and plants
	SSBIOTUR
	UUUU

	Type of depositional environment
	TypeDepEnv
	Depositional environment as determined from visual descriptions as well as field and laboratory analyses
	DEPENVIR
	UUUU


Table 13. Newly proposed P011 entrykeys and entryterms for sedimentology, needed to build digital core logs.
7.3
Dating

As part of P021 entryterm ‘Sediment age’ (SAGE), a significant number of P011 entrykeys and entryterms have been defined, two of which are very relevant: PAGEPAMS, ‘14C age of peat by accelerator mass spectrometry’ and SAGESCBX, ‘14C age of sediment by acid liberation, purification and trapping CO2 and scintillation counting’. Some additional entryterms are proposed in Table 14 (in italics), but this list is by no means complete. 

In the units list P061, it is proposed to introduce new age codes, including ‘Gregorian calendar years BC’ (UYBC), ‘Gregorian calendar years AD’ (UYAD), ‘thousands of years BP’ (UYKA), ‘millions of years BP’ (UYMA) and ‘billions of years BP’ (UYGA).

	entryterm
	entrytermabbr
	Entrytermdef
	P011 code
	P061 code

	14C age of peat by accelerator mass spectrometry
	AMSPeatAge
	Unavailable
	PAGEPAMS
	UYBP, UYBC, UYAD

	14C age of peat by acid liberation, purification and trapping CO2 and scintillation counting
	Peat14CAge
	Unavailable
	PAGESCBX
	UYBP, UYBC, UYAD

	14C age of sediment by accelerator mass spectrometry
	AMSSedAge
	Unavailable
	SAGEPAMS
	UYBP, UYBC, UYAD

	14C age of sediment by acid liberation, purification and trapping CO2 and scintillation counting
	Tot14CAge
	Unavailable
	SAGESCBX
	UYBP, UYBC, UYAD

	14C age of shell by accelerator mass spectrometry
	AMSShellAge
	unavailable
	ZAGEPAMS
	UYBP, UYBC, UYAD

	14C age of shell by acid liberation, purification and trapping CO2 and scintillation counting
	Shell14CAge
	unavailable
	ZAGESCBX
	UYBP, UYBC, UYAD

	OSL age of sediment
	OSLSedAge
	burial age of sand or silt, derived by optically stimulated luminescence dating
	SAGEOSLX
	UYBC, UYAD, UYKA

	U-Th age of sediment
	UThSedAge
	unavailable
	SAGEUTHX
	UYKA


Table 14. Proposed P011 entrykeys and entryterms for dating results.

7.4
Granulometry

As part of P021 entryterm ‘Sediment grain size parameters’ (MNGS), a large number of P011 entrykeys and entryterms have been defined which can be applied. They include codes for percentiles, mean, median, mode, standard deviation, skewness, kurtosis, and proportions of size fractions as part of full-distribution curves.
7.5
Micropalaeontology

As part of P021 entryterm ‘Pollen content’, one P011 entrykey and entryterm has been defined: SPOLMWXT, ‘Abundance of pollen grains per unit dry weight of sediment by Moore and Webb (1978) protocols’. Additional entries need to be defined.

7.6
Geomechanics

Only a few geotechnical parameters are represented in the P021 and P011 entrykeys and entryterms. As part of P021 entryterm ‘Sediment water content, porosity and surface area’ (WCWT), P011 entrykeys and entryterms are available for porosity (POROWVXX, ‘Concentration of water {porosity} per unit volume of wet sediment by drying and gravimetry’ and POROWMXX, ‘Concentration of water {porosity} per unit volume of wet sediment by drying and gravimetry and volume computation from mass and mean density’) and for moisture content (WCDRDRXX, ‘Concentration of water per unit dry weight of sediment by drying and gravimetry’ and WCWTDRXX, ‘Concentration of water per unit wet weight of sediment by drying and gravimetry’). As part of P021 entryterm ‘Sediment density’ (DBDX), P011 entrykeys and entryterms are available for bulk density (DBDXZZXX, ‘Density (dry bulk) of sediment by drying and gravimetry’ and DENSWWTX, ‘Density (wet bulk) of sediment by drying and gravimetry’). Additional entries need to be defined.
7.7
Geochemistry

As part of P031 entryterm ‘Rock and sediment chemistry’, a large number of P021 entrykeys and entryterms have been defined, many of which contain multiple P011 entrykeys and entryterms. This set appears to be sufficient but additional entries will be defined if necessary.
7.8
Automated core logging

As part of P021 entryterm ‘Magnetic susceptibility of sediment’, one relevant P011 entrykey and entryterm has been defined: XMGSXPBT, ‘Magnetic susceptibility of wet sediment by magnetic susceptibility meter’. Elemental abundance, as measured by XRF, is covered by P011 entrykeys and entryterms of P031 entryterm ‘Rock and sediment chemistry’. Entrykeys and entryterms for P-wave velocity, gamma density and resistivity need to be defined.
8.
Examples of ODV4 geological data files

Using the ODV4 format definition, a number of ODV4 example files have been prepared, one for a lithological log and one for a core with a combination of lithological log, geochemical analysis and grain-size analysis. These example files are annexes to this report. 
In assigning single values to parameters described as text, mean values of ranges denoted by text descriptions are used. For example, muddy sand (Folk classification) has 25-50% mud and 50-75% sand. In the ODV4 example files, these ranges have been translated into single values of 37.5 and 62.5%, respectively. In assigning values to sorting, the Folk sorting classification was used, and ranges given per class were translated into single values by taking the approximate mean.
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