Introduction


The following is a rough guide to the description of rock dredges developed over the course of many cruises by one of the P.I.’s (Dick), modified for this cruise.  This latest version includes a more comprehensive treatment of igneous veins and layers than previous versions, with a separate line description for each lithology (e.g. olivine gabbro, oxide gabbro, peridotite, dunite etc. found in a given sample. In general the word ‘vein’ is added to the lithologic name when these are described. As a consequence the rock name should be treated as part of the sample identifier.  For later cruises it is reccomended that a .1, .2 .3 identifier added to the sample number (e.g. Kn180-2-6-12.1, Kn180-2-6-12.2, though this was not done here.  The guide was developed to allow uniform semi-quantitative spreadsheet description of sea floor samples.  The results are databases that serve both curatorial and sampling purposes, as well as providing a basis for sample analysis and interpretation.  It is used with the accompanying spreadsheets, which are generally filled out by hand as the rocks are described, and then the data are entered into a computer spreadsheet program.  

Procedures

i. Rock description began with the careful sorting of rocks with similar characteristics into groups on the laboratory bench.  This usually took place after all, or a large subset (30-60 samples) of the dredge haul was cut in half to facilitate rock identification where samples are heavily weathered, manganese coated or where fresh surfaces are an aid to mineral and textural identification.  Care was taken not to just cut the largest samples as talus slopes are often size-sorted, and small samples may represent different outcrops than larger samples.  By ordering rocks gradationally, clustering those with the same primary igneous lithology, then phenocryst content, and then subsidiary igneous, structural and metamorphic features within groups, an enormous amount of work was avoided in description, as descriptions could often be copied down the spreadsheet with only the weight of the individual samples varying.  

ii. Once the rocks were sorted, they were labeled with the an abbreviated ship, vehicle, or expedition name, followed by the cruise number, leg number, and dredge number, followed by sample number (e.g.: Knr180-2 1-1).  ROV samples use the abbreviated vehicle name, followed by dive number, and sequential sample number as is generally also done for submersible (e.g.: Jas110-1).  Do not use dive station numbers followed by sample numbers, as experience shows this inevitably leads to post cruise sample mix-ups.  

iii. Following labeling, each sample was weighed and basic sample characteristics noted by the watchstander in-charge of the specific dredge.  

iv. The shipboard specialist for each rock type then did the final description.  If available, the alteration and petrofabrics are described separately by the metamorphic petrologist and structural geologist.  Having specific rock features described by the same individual for all dredges is critical to insuring an accurate, semi-quantitative database.  Having different individuals describe the same feature in different dredge hauls should be avoided, as this introduces non-uniformity of description, severely limiting the quantitative use of the database.


For this cruise Henry Dick described gabbro, Jessica Warren (WHOI) peridotite, and Bridget Diefenbach (Univ. Idaho) basalt igneous petrology, while Michael Cheadle (Univ. of Wyo.) described alteration and alteration veins, and Joshua Schwartz (Univ. of Wyo.) deformation intensity.  Kay Achenbach (Univ. of Wyo.) and Clare Williams (WHOI) assisted in rock description as well as editing them and entering them into the computer database. 

Guide to Description of Features

Sedimentary Rocks


The rock description system has been set up primarily for igneous and metamorphic rocks most commonly encountered in an ocean ridge setting.  For description of sedimentary rocks, the user is more or less dependant on other sources, though common properties such as grain size and surface characteristics can be recorded, along with some textural terms.  Variously sorted clastic breccias, often cemented by carbonate ooze or palagonite are not uncommonly encountered with angular fragments of other igneous rock types.  These are listed as clastic breccias with the variety of igneous, metamorphic, and sedimentary clasts listed in the notes along with the nature of the cement matrix.  In the textural column, give the degree of sorting (well-sorted, moderately-sorted, poorly sorted).  Note that a sedimentary breccia is not a cataclastic rock, and an undeformed sedimentary breccia is graded as a zero under the deformation column.

Extrusive and Hyperbyssal Rocks

Basalt:  If it has glass, it is called either a pillow basalt or sheet flow (tabular).

If it has no glass, it is just plain basalt.  If it has phenocrysts or microphenocrysts (e.g. Olivine – Ol, Plagioclase – Plag, Clinopyroxene – Cpx) put the abbreviations in front of the rock name in order of abundance with a hyphen between the mineral abbreviations where there is more than one:  e.g.   Plag-Ol basalt, or Plag-Ol pillow basalt

– Do not put textural terms in the rock names.
Diabase: Use the same nomenclature with diabase as for basalts (e.g.: Plag-Ol diabase).  Diabase (dolerite if you are British), as seen in sheeted dike complexes in ophiolites, is generally fine-grained, or very fine-grained, contrary to many peoples impression that it is exclusively a medium-grained rock.  It is difficult to tell diabase from fine-grained and aphyric basalt (though in thin section it usually has a characteristic ‘diabasic’ texture). 

The distinction is that diabase is intrusive, whereas basalt is extrusive.  So in a “basalt” dredge haul with no glass, look for chilled margins, contacts, or medium-grained pieces that indicate some or the entire dredge haul is ‘diabase’.  Statistically, pillow basalt dredge hauls have 20-30% samples with glass rinds.  Thus, fine-grained basalt dredges without glass are generally best treated as diabase, though we acknowledge the possibility that they could represent a thick basalt flow.  Ocean drilling in lava sequences at slow spreading ridges, however, has recovered largely pillow basalt with only rare thick flows.  Another tip-off that a basalt dredge is diabase is the presence of greenstone.  Most of the greenstone suites we have looked at have metamorphosed intrusive contacts (chilled margins) unequivocally indicating diabase, but there again greenschist facies pillow lavas are also dredged. 


Identifying diabase in dredge hauls is not entirely an objective call, but if none of the criterion listed here are found, just refer to the rocks as ‘basalt’.  There are also dredge hauls in which extrusive and intrusive basalts and diabase are mixed.  These can be a bit of a challenge – drag others into the discussion where you think this might be the case.  Consensus may not be the best way to make decisions, but at least you will share the guilt.  In any case, while the identification of diabase is often ambiguous, classifying all fine-grained mafic rocks as simply basalt has led to serious miss-representation of the stratigraphy of the ocean crust as exposed by oceanic faults. 

Grain Size:  G - glassy; A - aphanitic – grains cannot be distinguished by the naked eye; VF - very fine – you can make it out, but can’t measure it; F - fine <1 mm; M - medium 1 to 5 mm; C - coarse 5 to 30 mm; P - pegmatoidal >30 mm

Igneous Texture:  A phenocryst or microphenocryst is distinctly different in size and shape than the groundmass.  If the microphenocrysts get much over a few percent, you may be looking at a diabase.  Lets call phenocrysts anything over a millimeter in size, and those less than a millimeter microphenocrysts.  Thin bladed plagioclase laths a millimeter in length are usually not called microphenocrysts – which are generally more equant or stubby in dimensions. 

Aphyric – no phenocrysts or microphenocrysts

Sparsely Phyric - <2% phenocrysts or microphenocrysts

Phyric – 2 to 10% total phenocrysts or microphenocrysts

Highly Phyric – 10 to 25% total phenocrysts

Porphyritic - >25% total phenocrysts

Contacts:  Note the presence of a chill zone or contact if present.  If glass or palagonite is present and the thickness can be measured, do so in millimeters, otherwise put a nominal 0.1 mm.  Where two or more distinct diabases are in contact, fill out a second description line for each rock, retaining the same sample number.  In this case, the rock name effectively becomes part of the sample number. Under the contact field put Ch – for chill zone.  For internal contacts in peridotites and gabbros, the contact may be Sh – for sharp, where one rock type has intruded another along a fracture; ShI – for an irregular intrusive contact, as found where one rock is assimilating another along a sharp boundary between the two, Su – for sutured, where the mineral grains of one rock type are interdigitated with those of the other, SGr – for a size graded contact; or MGr – for a contact defined by a gradual change in mineral proportions. A sharp change in mineral proportions only is the same as a sutured contact.


Vesicles & Vugs:  For extrusive and hyperbyssal rocks vesicularity is always measured with a hand lens as most vesicles in extrusive rocks are <0.2 mm.  Coarser vesicles (>1 mm) usually represent accumulation of finer vesicles and are often concentrated by flotation in a crystallizing flow to produce rocks with high vesicularity.  Of more interest to the petrologist is the intrinsic vesicularity, or the finer, more evenly distributed vesicles in the rock which represent gas exsolved locally at the time of solidification.  Often a rock that appears to be avesicular to the naked eye in hand specimen, may have a high vesicularity when examined with a hand lens.  Where two vesicle populations are present, one coarse, one fine, the sum of the two is used along with the average size, but a note should be made in the comments section that two size populations are present.
Plutonic Rocks

Lithology:  Rock names generally follow the standard IUGS nomenclature with the addition of mineral prefixes to identify variants.  All rocks are described by their primary igneous lithology as far as possible.  Thus, an amphibolitized gabbro, where the accessory minerals such as olivine or orthopyroxene are gone, is described as a ‘meta-gabbro’ rather than simply an amphibolite, as the principle aspect of its progenitor is known.  Similarly, a highly serpentinized and weathered peridotite, with virtually no primary mineral remaining, is called a harzburgite or a lherzolite if the approximate percentage of Cpx is known, otherwise it is called a peridotite if greater than 10% pyroxene pseudomorphs are present, a dunite if less than 10% pseudomorphs are present.   

A rock, whose primary progenitor is unknown, may be called soapstone or serpentinite.  On the other hand, a rock that is 100% serpentine, with good pseudomorphed primary pyroxene is generally called a peridotite.  If it was likely ultramafic, and that is about all you know call it a metaperidotite. 

As a general hint, if it is green, horribly complicated, and you can’t figure out what the original rock was – it is almost always greenstone, serpentinite or soapstone.  The first you will have difficulty scratching with a knife, the second can be carved, but the powder has a distinct clayey feel to it, and the third is soft and makes a slick soapy powder that your mother used on your bottom when you were somewhat younger.  Powders that lie in between are generally mixtures of talc and serpentine.  Finally, if it is easily scratched with your fingernail, it may be smectite, which forms veins and replaces olivine and even plagioclase and pyroxene in low-grade rocks. Smectite, talc and serpentine can appear in colors that range from pure white to black, with some spectacular greens, yellows and reds.
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Peridotites:  Again IUGS is followed quite closely here.  Dunites have total olivine greater than or equal to 90%, while orthopyroxenites and clinopyroxenites are similarly defined.  Websterites have <5% olivine and 95% total Cpx and Opx.  Olivine websterite has less than 40% olivine, Lherzolite has >40% olivine and 5% Cpx.  Harzburgite has <5% clinopyroxene.  Dunite with >1% spinel is a chromitiferrous dunite, and >1% Opx is an enstatite dunite, >1% Cpx a wehrlitic dunite.  Wehrlite has <5% orthopyroxene and 10% to 90% Cpx, the rest olivine.  

Gabbroic Rocks:  In general, a gabbro is any coarse to medium grained rock composed of olivine, clinopyroxene and plagioclase, where olivine and orthopyroxene are present as less than 5% of the rock individually.  A gabbro with more than 5% olivine is an olivine gabbro, while a gabbro with more than 5% orthopyroxene is a gabbronorite.  For this purpose, interstitial orthopyroxene formed as reaction rims around other minerals is not counted in the total.  Where non-interstitial orthopyroxene is present in the rock, indicate this by putting the prefix ‘orthopyroxene’ in front of the rock name (note that an orthopyroxene gabbro has <5% Opx, while and olivine gabbro has >5% Ol).  Following the general marine usage established at Hole 735b and elsewhere, gabbros with between 1 and 2% primary iron-titanium oxides (ilmenite and titanomagnetite) have the prefix ‘disseminated oxide’ in front of their full rock name (e.g. disseminated oxide olivine gabbro), while those with 2% or greater oxide have the prefix ‘oxide’ in front of their full rock name (as in oxide olivine gabbro).  


Troctolite has less than 5% total pyroxene and less than 90% olivine or plagioclase (>90% of either is a anorthosite or a dunite).  Rocks with greater than 20% olivine and less than 15% pyroxene are generally prefixed with the term “troctolitic”.

Leucocratic Rocks: White veins of dubious hydrothermal or magmatic origin are simply called ‘felsic veins’.  Rocks composed predominantly of quartz and plagioclase, a subclass of tonalite in the IUGS nomenclature, are called trondhjemite.  The term ‘plagiogranite’ is to be avoided.  It is redundant to the generally accepted nomenclature, is excluded by the IUGS nomenclature, and is “not-recommended” in the AGI glossary.  Plagiogranite has been widely used, however, as a general field term describing anything ranging from quartz diorite, tonalite, and trondhjemite to granite that the observer does not wish to properly classify.  Due to its ambiguity, it is better to not use this term for hand-sample description.

Igneous Texture: Average grain size is estimated in millimeters rather than using fine, medium, and coarse, etc.  Textural terms are often complex and poorly defined, so only limited use is made of traditional names.  Equigranular, inequigranular, poikilitic (where one mineral encloses others), are useful terms for gabbros.  Peridotite fabrics are discussed under the deformation section, as these rocks have not generally crystallized directly from a melt, though magmatic processes may be represented, as they are often residues of mantle melting.  Cataclastic deformation is generally superimposed on the crystal-plastic and igneous textures, and thus is not often used as the principle rock texture.  Where the igneous and crystal-plastic textures are obscured in intensely brecciated rocks, terms such as cataclasite or cataclastic monmict or polymict breccia can be used in the textural column.
Contacts and Multiple Lithologies: Often igneous contacts will be present in plutonic samples.  Sometimes a contact can be identified on the basis of a chill zone, but the rock has broken along the contact so the other lithology is not present.  In all other cases, each lithology is described separately in the spreadsheet with the same sample number.  In this, case the rock name effectively becomes part of the sample number. 

Igneous Mineralogy
Estimate phenocryst proportions for basaltic rocks and diabase, and matrix proportions for plutonic rocks.  List additional minerals and their percentages in the comments section.  If Cpx and Opx proportions cannot be determined in the peridotites then put total pyroxene in the Opx column with na – not applicable in the Cpx column. Mineral proportions are estimated in percent for each phase, and the average grain size is given in millimeters for plutonic rocks, rather than using the fine, medium, coarse-grained etc. designations used for basalt and diabase.

Deformation

Igneous fabrics:  generally refer to a shape fabric of magmatic origin.  They can be graded as weak – 1, moderate – 2, or strong 3.   Its weak if someone in the room is doubtful it’s there, but most think it is.  Moderate if it is clearly there, but not impressive, and strong when the rock is clearly laminated.  

Crystal-plastic deformation:  refers to high-temperature deformation fabrics developed by internal deformation of mineral grains by processes such as diffusion or dislocation creep.  

Gabbros are graded on a scale from 0 – not visible in hand specimen, to 1 – deformation evident, but no well developed foliation and lots of relict igneous texture; 2- clearly foliated, little primary igneous fabric left; 3 – (protomylonite) no igneous fabric, strongly foliated, generally medium grained; 4 – (mylonite) strongly laminated, most primary mineral recrystallized to fine-grained, the rest is porphyroclasts; 5 – (ultramylonite), some porphyroclasts, but grain size reduction to the point where there is no visible foliation present – easily mistaken for fine-grained basalt – but very, very hard.
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Abyssal peridotites represent a special problem for grading crystal-plastic deformation as they have usually been emplaced from the earth’s deep interior by high-temperature crystal-plastic creep processes.  They generally have either protogranular (PG), protointergranular (PIG) or porphyroclastic (PC) textures when unmodified by relatively shallow deformation processes associated with unroofing and exposure to the sea floor.  Overprinting of textures is common and protogranular and protointergranular textures often grade into porphyroclastic, and porphyroclastic into mylonitic textures.

Protogranular textures are generally the earliest fabric, and are characterized by smoothly curved grain boundaries, with complex cusps and lobes, but crudely equant granular morphology.  Proto-intergranular is a new term introduced on ODP Leg 209 to describe peridotites with complex, irregular often branching, pyroxene grain boundaries that partially enclose olivine grains and could not have survived minimal plastic deformation.  It could be regarded as a variant of protogranular, though latter texture 

could be produced by pressure solution accompanying deformation during partial melting.  Protogranular peridotites, prior to alteration (which generally totally obscures olivine grain size) are generally texturally nearly identical to many equigranular gabbros with complex interlocking grain boundaries.  Rocks with a purely protogranular or protointergranular texture are graded “0” in the descriptions under crystal-plastic deformation, as this is usually the earliest identifiable texture.  Protogranular and protointergranular peridotites may or may not have a preferred mineral shape fabric defined by trains of undeformed elongate intergranular spinel or clinopyroxene.  These fabrics may have an orientation different than the tectonic foliation or lineation, suggesting crystallization from interstitial migrating melt during an earlier or latter melting event.  Such shape fabrics when they occur should have their strength noted in the igneous fabric field.  

Porphyroclastic textures are generally superimposed on protogranular and protointergranular, and frequently elements of both are present.  Recently, however, we have seen samples where relict porphyroclastic textures may have been overprinted by protointergranular or protogranular textures as evidenced by clusters of pyroxene grains that may have started as relic recrystallized porphyroblasts.  Porphyroclastic texture occurs where pyroxene grain boundaries are abraded, rounded or recrystallized by deformation.  Pyroxene grains are often kinked or bent, while olivine subgrain boundaries and polygonalization is ubiquitous.  Olivine is generally too altered to discern the original texture, so it usually does not enter into the textural classification here.  Under the texture field in the description, put the predominant of these textures, while under the crystal-plastic field a designation of 0.5 will indicate that elements of both porphyroclastic and protogranular or protointergranular textures are prominent.  Rocks with porphyroclastic texture are graded 1 if there is only a weak or no pyroxene shape fabric developed.  When pyroxenes exhibit a significant shape fabric, the sample is graded a 2 under the crystal-plastic field, noting that at this grade only a few protogranular textural elements will be present.  In the texture field, such samples are still referred to as porphyroclastic.  

Protomylonite textures occur when the shape fabric starts to become strong and a foliation develops, accompanied by significant grain size reduction (abyssal peridotites generally have an original pyroxene grain size of around 4-8 mm), extensively recrystallized olivine, often with ribbon structure.  It is graded a 3 under crystal-plastic deformation.  At this grade there are generally no protogranular textural elements left.  

Mylonite texture is present when the peridotite has significant grain size reduction, and consists of a fine-grained mass of olivine with embedded rounded or stretched pyroxene porphyroclasts and a prominent foliation.  The rock is graded a 4 and listed as a mylonite in the texture field.

Ultramylonite occurs where there is no visible foliation due to extreme grain-size reduction, and the rock is graded as a 5.  Sometimes no porphyroclasts can be found, but generally a few well-rounded porphyroclasts may be present.  The latter have been mistaken for limestones due to their color and grain size by some investigators in the past, but as mylonite peridotites are generally quite resistant to alteration, they are generally fresh, and considerably denser and harder than limestone.

Brittle and Cataclastic deformation: 0 – only a few cracks with no visible movement on them; 1 – a few cracks with clear movement on them; 2 – brecciated by numerous cracks but no significant clast rotation; 3 – brecciated with clast rotation, <20% matrix; 4 – clasts floating in 20 – 70% fine-grained matrix, 5 – >70% fine-grained matrix, basically compacted rock flour - you can’t tell this from an ultramylonite without a thin section unless you know you are in a cataclastic suite (absence of lower grades of crystal-plastic deformation).  Cataclastic deformation is often hard to distinguish from crystal-plastic as it gets more intense due to grain size reduction at higher deformation grades.  At somewhat lower deformation grades it is distinguished from mylonitic rocks (high intensity crystal-plastic deformation) by the presence of angular clasts in a ‘rock flour matrix’.  

Serpentinite and Soapstone:  Rocks with high serpentine and talc contents behave mechanically very differently than other earth materials, deforming in a manner analogous to high temperature crystal-plastic deformation under low temperature conditions.  They are weak, and often are found intruded along faults at accretionary margins between unrelated lithologies such as volcanics and greywackes.  Where this has occurred they are often highly foliated and sheared, with facoids or shear polyhedra forming enclaves of undeformed serpentinite or peridotite.  We grade these rocks as massive – 1, weakly foliated – 2, moderately foliated – 3, and in the unlikely situation where it is coherent, strongly foliated – 4.  Typically these rocks are not very cohesive and fall apart in the dredge at grades 3 and 4, but the shear polyhedra, and serpentine fault gouge on small fragments are indicative of this grade of deformation being common in ridge settings.

Alteration
Rock Names:  As previously stated, if the original igneous progenitor can be determined – basalt, diabase, gabbro, etc., then the name of the progenitor is used, while the metamorphic facies is listed under total alteration (e.g.: 15% GrS = 15% greenschist facies alteration; 15% Am = 15% mineral replacement by amphibolite facies minerals or 15%GrS/15%Am = 30% total alteration with one facies overprinting another.  If the igneous progenitor cannot be determined, then the primary lithology is greenstone, amphibolite, soapstone, serpentinite, etc.  

Alteration Percentages:  

Medium to Coarse Grained Rocks: Percent alteration of each mineral phase is estimated separately (summing them to get the total alteration figure), with the altering mineral noted with its percentage (e.g.: for plagioclase:  5%Ep/15%Am, or 70%Ab).  In the alteration section, the volume percent of vein and crack filling is listed (empty cracks have no filling and are not counted).  Size given as vein thickness in millimeters.  Generally, plagioclase alteration can be seen by the milky white color of albitized (Ab) or prehnitized (Pr) feldspar, though sometimes this same color can be introduced where plagioclase has been mechanically recrystallized.  

Diabase and Basalt: Percent alteration of each mineral phase is difficult or impossible to estimate in hand specimen for these samples.  Instead alteration (Zeo - Zeolite, GrS - Greenschist, Am - Amphibolite, Gra - Granulite facies) is roughly estimated on the appearance of the sample: VH - very heavy equals complete alteration of all primary phases; H – heavy equals some primary mineralogy preserved; M – moderate equals a majority of the primary mineralogy preserved; L – light equals most of the primary mineralogy preserved; F – fresh equals no alteration.  Often this estimate is based only on the discoloration of the sample, which can be fairly indicative of the state of alteration.  

Sample Characteristics

These are pretty much self-explanatory.  Under ‘weathering’:  Light refers to some significant discoloration; moderate refers to a rock that is uniformly discolored; heavy refers to one which is starting to have a distinct clayey or gritty feel to it; very heavy to a rock that is starting to disaggregate; saprolite to a rock that has been reduced to clay.

‘Surface’ is a criterion not generally know to the community, but is useful in understanding the dynamics of the marine environment in which the sample has experienced.  Pitted – refers to chemical weathering pits which cause some minerals to stand out and others to have been eaten away.  Irregular is an uneven surface, so a sample can be irregular pitted, or irregular smooth, smooth pitted or simply pitted or smooth.  A beach pebble is generally simply smooth.  A jointed basalt fragment might be irregular smooth. 

Mn refers to the manganese coating.  Tr refers to its presence in small but not easily measured amounts.  A near uniform coating over a significant area is arbitrarily taken to be 0.1 mm.  Normally, the measurement given is the thickest portion of the coating that can be measured

Common Abbreviations Used in Descriptions

Shape:  A - Angular, SA -Subangular, SR - Subrounded, R - Round, P - Pitted, IP - Irregular Pitted, IS - Irregular Smooth, SP - Smooth Pitted, S – Smooth. 

Weathering:  VH - Very heavy, H - Heavy, M - Moderate, L - Light, F - Fresh, VF - Very Fresh. 

Mineral symbols: Albite – Ab, Analcime - Ana, Black amphibole - bAm, Green amphibole - gAm, Carbonate - Cc, Chlorite - Ch, Clay – Cl, Epidote – Ep, Iddingsite (oxidized olivine) - Id, Plagioclase – Pl, Prehnite - Pr, Quartz - Qz, Serpentine - Srp, Brucite – Br, Smectite – Sm, Talc - Tc, Tremolite - Tr, Sp – Spinel, Tmt – titanomagnetite, Hm – hematite, Mt – Magnetite, Zo – Zoisite, Czo - clinozoisite.

Little White Cracks (hairline cracks with a white infilling of ambiguous mineralogy) – LWC
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