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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 

FACULTY OF SCIENCE 

GEOLOGY 

Doctor of Philosophy 

WIRELINE SEDIMENTOLOGY: Resedimented Volcaniclastltes 

A.R.M. Salimullah 

The main focus of this thesis is to explore and develop the application of wireline logs in solving 

sedimentological problems, and so to further underline the importance of Wireline Sedimentology as a 

distinct discipline. The principal logs used are Formation MicroScanner (FMS) images, together with 

dipmeter-niicroresistivity, gamma ray and geochemical plots, taken during O D P Leg 129 in the Pigafetta 

and E. Mariana Basins, W. Central Pacific. 

Seven resedimented voicaniclastic facies including slumps, debrites, and turbidites are recognised within 

thick (115-221 m) but poorly recovered (4-68%) Cretaceous and Miocene-Pliocene voicaniclastic units. 

A combination of wireline logs calibrated or correlated with recovered intervals and with known 

signatures, can be used to delineate facies in poorly recovered and badly disturbed coring intervals and 

hence to construct a complete borehole record of FMS image descriptions (FIDs). From these, it is 

possible to identify macro-, meso- and microsequences (>100, 10-100 & < 10m thick respectively) of 

turbidite facies on the basis of bed-thickness trends. Whereas the macro- and mesosequences are a 

response to allocyclic volcano-tectonic controls, both oscillation and saw-tooth microsequences reflect 

autocyclic controls, including turbidite compensation effects. A new model for the sedimentary 

successions developed around volcanic archipelagoes and within mid-ocean basins is presented, taking 

into account the types of sequence observed and their likely controls. 

Since FMS images formed the basis of all interpretations outlined above, a scheme defining the context 

of FMS image data sequences is proposed, that includes: physical, global, and local contexts. This 

method of approach can be used in part or in full to document even very fine scale sedimentological 

features and to interpret their origin (e.g., bed pinch-out direction, based on cross-lamination or 

bioturbation). 

Sequentially enhanced FMS images of highly bioturbated turbidite/hemilurbidite beds reveal six types 

of pat tern in terms of image-mottles that can be correlated with the possible ichno-toponomic features 

observed on recovered core pieces and with known deep marine ichnogenera. Moreover, a slightly 

modified nomenclature of turbiditic bioturbation based on FMS image studies is proposed, that includes 

inter-turbidite, post-turbidite, and intra-turbidite bioturbation. 

Further research may enhance the applications of wireline logs, specifically of FMS images, to uncover 

the enigma of core-orientation and core-loss in boreholes and allow even more detailed resolution of 

sedimentological features. 
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INTRODUCTION 

T h e idea for this research s temmed from the author 's participation as shipboard sedimentologist on 

O D P (Ocean Drilling Program) Leg 129 to the West Central Pacific (November 1989 - January 1990). 

T h r e e sites were drilled during this leg: Sites 800 and 801 were drilled in the Pigafet ta Basin and site 

802 in Eas t Mar iana Basin in the West Central Pacific. The tectonic setting of the basins and location 

of the sites are shown in Figure 1. The regional bathymetry of the basins is shown in Figure 2 and the 

site summary reports prepared by the shipboard scientists are presented in Tab le 1 (Lancelot, Larson, 

et al., 1990). 

T h e lithostratigrapies of the sites drilled are shown in Figure 3. T h e thick sequences of Cretaceous and 

Miocene-Pl iocene volcaniclastic sediments encountered at these sites have been the particular focus for 

this research for the following reasons: 

(a) relatively few studies have documented the detailed nature of deep-water resedimented 

volcaniclastic fades; and 

(b) wireline log characterisation of volcaniclastic sediments is even more rare, and nothing has 

previously been published on Format ion MicroScanner logs through such sediments. 

(c) little was previously known about mid-plate volcanic-sedimentological evolution in this part 

of the Pacific Ocean. 

T h e data collected and prepared on O D P Leg 129 offered a unique opportuni ty to address these areas 

of study. 

R I'if; 1. Locat ion of Leg 129 s i tes 800, 801 and 802. 

t3cdi'0ck isochroiis a re d e t e r m i n e d f r o m magtict ic a n o m a l y 

lineal ion m a p p i n g on the Pacific p la te and s u p e r i m p o s e d on g r o u p 

of islands , atolls, and guyots in the Western Pacific Ocean , 

( f e a t u r e abb rev i a t i ons a re as fol lows: Ca ro l ine Is lands (CI) , 

On tong . I ava P la teau ( O J P ) , .Marshall I s lands ( M I ) , .Nauru Basin 

(,\ 'B). .Mid-Pacific Mounta ins ( M P M ) , Shatsky Rise (SR), Hawaiian 

Ridge ( H R ) . and E m p e r o r S e a m o u n t s ( E M ) . .lagged c o n t o u r s 

repre.sent magnetic lineations and unshaded areas represent normal 

Pacific oceanic c rus t . Shaded a reas r e p r e s e n t volcanic edif ices with 

thickened crust a I sect ions , as well as the y o u n g e r a r eas beyond 

the Pacific subduc t ion zones) . 

20 'S 
130' E 150 E 170'E 170'W 
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162° 

Fi j ! 2. O D P s i t e l o c a t i o n s s u p e r i m p o s e d on J u r a s s i c m a g n e t i c l i n e a t i o n s a n d r e g i o n a l b a t h y m e t r y ( in m e t r e s ) of t h e P i g a f e t t a a n d 

E a s t M a r i a n a b a s i n s . Only t h e s i t e s loca ted in t h e d e e p b a s i n s of the W e s t e r n Pac i f i c a r e s h o w n ( f r o m Lancelot, E., l a r s o n , R. 

L., ct a/.. 1990). 



f.A Statement 

I.A.I Thesis organisa t ion 

T h e bulk of the thesis is written as a series of six scientific papers dealing with different aspects of the 

study. These are p repared by sections on the scientific aims, background, and methodology. The first 

th ree papers (Papers 1, 2, 3; see paper section of this thesis) are already published. The revised version 

of Paper 4 is submitted to the Editor , 'Mar ine & Petroleum Geology', following revisions proposed by 

the reviewers. The initial manuscript 

of Paper 5 (proposed) has been submit ted 

to the Editor , 'Sedimentology' and of 

Paper 6 (proposed) is being submit ted 

to the Editor, 'Mar ine & Petroleum 

Geology' . The re is also an independent 

concluding section (Discussion chapter) . 

LA.2 Role of a u t h o r s 

T h r e e authors are involved in writing as well 

as prepar ing all the papers /manuscr ip t s except 

Paper 1 and Paper 6 (see the paper section 

of this thesis). A .R.M. Salimullah (ARMS) , the 

research student, is the principal author of all 

papers /manuscr ip t s ; Dr D.A.V. Stow (DAVS) , 

the supervisor, is the second author of Papers 

2, 3, 4, and 5; Mr R.E.S. Cull (RESC), 

Geologist, Schlumberger, London, is the third 

au thor of Paper 4. 

T h e basic ideas /concepts of all the papers are 

largely the thoughts of the principal author 

(ARMS) , which are enhanced as well as refined 

through discussions between the principal and 

the respective second author . The overall 

linguistic and scientific corrections of all 

the initial manuscripts, rea r rangement and 

rewriting of abstract (3rd & 5lh Papers), 

methodology (3rd & 5th Papers) , and input 

into the discussion and conclusion sections 
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F i g 3. S u m m a r y of t h e i i t h o s t r a t i g r a p h y fo r the O D P Leg 129 S i tes 800, 801 and 802 ( m o d i f i e d f r o m I^ncclot , B., Larson, R .L . 

ct al., 1990). 



of the final manuscripts (Papers 2, 3, & 4) were done by ihe second author (DAVS) . For the 4th paper, 

the section called 'Physical context' and ' f lowchar t ' arc rewritten by the third author ( R E S C ) in addition 

to the basic training and help in how to use the computer workstation for image enhancement 

(applicable for both 4th and 6th Papers) . In the case of the 4th paper , the geological concept (basis) of 

the paper was justified by the second author (DAVS) who also m a d e very useful correct ions and logical 

addit ions to the manuscript of the 6th paper, as the supervisor of the research. 

However , notwithstanding joint authorship of papers, the research work has been carried out solely by 

the research student (ARMS) who is also fully responsible for the principal findings repor ted . 

I.B Scientific Objectives 

T h e principal scientific objectives of this study can be divided to those concerned specifically with the 

sediment facies, those concerned with advancing our use and interpretat ion of wireline log data, and 

those concerned with the integration of sediment and wireline log data to allow comment on the 

geological evolution of the area under consideration. The specific objectives are amplif ied below: 

I.B.I Resedimented volcaniclastic facies and sequences: 

i) to delineate sediment facies within the volcaniclastic units of the O D P Leg 129 sites in terms 

of texture, structure, and composition; 

ii) to define facies models for each type of resedimented volcaniclastite, showing idealised 

vertical evolution of sedimentary features and to interpret these in te rms of their specific process 

of deposition in a deep marine setting; 

iii) to delineate the presence and vertical extent of the facies using wireline logs in sections with 

poor core recovery in order to infer the range of thickness of various facies; 

iv) to introduce the concept of a typical vertical sequence of resedimented volcaniclastic and 

associated facies in mid-plate settings and its implication for regional volcano-tectonic activity. 

I.B.2 Wireline log signatures of resedimented 

volcaniclastic facies: 

I.B.2.1 general logs 

i) to document the signatures of various wireline logs in the different facies present within the 

volcaniclastic units, having first compared these carefully with the recovered cores ; 

ii) to show how various combinations of logs can be used to enhance the delineation of facies 

within the volcaniclastic sediments; 



iii) to introduce the methodology (approach) of recognising vcriical sequences on the basis of 

wireline log signatures and their application for defining the sequences in terms of bed-thickness 

and gross grain-size in mid-plate basins. 

I.B.2.2 FMS images 

iv) to demonstrate how the FMS images can be used lo: 

delineate detailed sedimentary features of intervals with poor core recovery; delineate the 

original sedimentary features where these have been abraded or brecciated during drilling; 

recognise sedimentary facies in non-recovered coring intervals; and assign the correct location 

of short-length recovered portions within the known cored intervals. 

I.B.2.3 enhanced FMS images 

v) to introduce the notion of context in the dimension of FMS image data sequences; 

vi) to show how across-borehole image data interpretations can be extrapolated to infer 

directional sedimentological interpretations; 

vii) to introduce how sequentially enhanced FMS images can be used to correlate the various 

pat terns of image-mottles caused f rom turbiditic bioturbat ion with possible deep mar ine 

ichnogenera; and to propose a slightly modified classification for turbiditic bioturbation. 

I . B 3 Evolution of Pigafetta and East Mariana basins: 

i) to use the characteristics of facies and facies sequences derived f rom sediment and wireline 

log studies (I.B.I and I.B.2 above), and their variation within and between sites, in order to infer 

the evolution of depositional settings in Pigafetta and East Mariana basins; 

ii) to integrate data generated in this study with those of other shore-based, and comparative 

regional studies in order to bet ter unders tand the volcano-tectonic evolution of the basins, and 

the interplay of tectonic, sea-level and sediment supply controls on sedimentation. 

I.C Data Base and Methodology 

I.C.I Shipboard participation 

Two months were spent at sea on board Joides Resolution drillship as one of five shipboard 

sedimentologisls. Much of the work on core description and facies determination was carried out durmg 

this period. Preliminary lithostratigraphic logs were prepared in collaboration with shipboard 

micropaleontologists. Ideas on basin evolution were discussed generally amongst all scientists present. 



= = = = = 
I .C2 Wireline log data/analysis 

I.C2.1 geophysical logs; 

1) calliper (CALI & CALl in inches;) 

2) total gamma ray (SGR in APf unics;) 

3) microresistivity 

5) FMS. , m a : « dynamic and 

6) FMS images (Orsl, second-, and third-order enl.aneed images; seale 1:5) 

I.C.2.2 geochemical logs; 

elemental logs (original & processed): 

(1) calcium yield (CCA in decimal fraction) 

(2) silicon yield (CSI in decimal fraction) 

(3) lithology indicator ratio (LfR = CSf /(CSf + CCA)) 

. . . . . . . . . . . . . . . . . . . .^ 
: i = = = 



and ihen processing the logs for certain intervals of volcaniclastic sediments of particular interest to my 

study. Dur ing the final stages of research, in order to carry out a specific research on finding the 

requ i red order and degree of FMS image enhancement with a view to achieving very fine scale resolution 

in te rms of sedimentary features (e.g., subtle lithology discrimination; ichnofossil recognition f rom image 

mott les) and fine scale sedimentary interpretations, 6 weeks (July-August, 1992; and February, 1993) 

were spent at Schlumberger , London. 

T h e analysis and interpretat ion of these logs, at a scale of detail not previously a t tempted , has formed 

the basis of much of my post-cruise work to date. 

I . C 3 Sediment data/laboratory analysis 

M u c h of the conventional sedimentology has been completed on board the ship and in the few months 

post-cruise, using visual core descriptions, core photographs, and x-radiographs, as well as smear slides 

and limited thin section data. 

I.D References 

Lancelot , Y., Larson, R.L., el al., 1990. Proc. O D P , Init. Reports. , 129: College Station, Texas (Ocean 

Drilling Program) . 



DISCUSSION 

T h e ma in thrust of this thesis has b e e n to a t t emp t s o m e kind of c o m p u t e r ba sed a p p r o a c h in 

sedimentology, taking examples f rom resed imen ted volcaniciast i tes, r ecovered dur ing O D P Leg 129 f r o m 

the W e s t Cen t ra l Pacific. In part icular , it is conce rned with the convers ion of sed imento logica l knowledge 

f r o m rocks to wireline logs (in the form of wiggles, tadpole-plo ts , and images) and vice-versa, fol lowing 

var ious me thods of cal ibrat ion, correlat ion, in terpola t ion, and ex t rapola t ion . Fo r this kind of approach , 

t he science of pa t te rn recogni t ion plays a vital role. Because the physical and chemica l p rope r t i e s of 

rocks a re never strictly un i form, so the resul tant signals and p roces sed wirel ine log s igna tures will also 

vary. Al though , for our purposes , da ta acquisit ion, da ta processing, and da ta e n h a n c e m e n t by c o m p u t e r , 

have a discrete d imension, the re is also an impor tan t role for an exper t knowledge-based system to he lp 

e l imina te defaul ts in da ta - sequence (e.g., art ifacts, noise, etc., in the case of F M S images; Bourke , 1989) 

as well as to enhance the da ta -g rade (e.g., e n h a n c e d F M S images) , in o r d e r to achieve subjectively 

qual i f ied data and consequent ly an improved in te rpre ta t ion-app l ica t ion (context) . 

D.I Sedinientological Applications of Wireline 

Logs: A Brief Literature Review 

Selley (1992) dist inguished th ree phases within the context of 'Wire l ine Logging ' , s ince its in t roduc t ion 

in 1927 that show a progressive e n h a n c e m e n t of the m e t h o d in its technical complexi ty and r ange of 

appl icat ion. T h e s e include: (a) hydrocarbon detec t ion (first age); (b) poros i ty / l i tho logy 

de t e rmina t i on /de l i nea t i on (second age); and (c) m i n e r a l o g y / g e o c h e m i s t r y / d i a g e n e s i s s tudy ( th i rd age) . 

It is suggested he re that the present progress ion towards finer and finer scale reso lu t ion to 1 cm of 

sedimentologica l and s t ructural f ea tu res f rom F M S / F M I images and their re f ined in t e rp re t a t ions (e.g., 

Bourke , 1992; Saliniullah & Stow, 1992) can be cons idered the four th age in the scientif ic appl icat ion 

of wire l ine logging. 

O n the o ther hand, the scientific appl icat ions of downhole m e a s u r e m e n t s in the p resen t ocean basins, 

u n d e r the auspices of the Ocean Drilling P rogram ( O D P ) and their f u t u r e deve lopments , have b e e n well 

s u m m a r i s e d by Wor th ing ton el al. (1989). 

In the following discussion, an attempt is taken to highlight the m a j o r sedimentologica l appl ica t ions of 

var ious wireline logs in a s imple but discrete style without deal ing specifically with the h ie ra rchy involved 

in da ta-process ing methods/parameters nor with the a p p r o a c h taken for their in t e rp re ta t ion . 
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D.I . I Petro-facies: porosity logs 

Various combinations of the porosity logs (e.g., density, sonic, neutron logs) have been widely used (e.g., 

Asqulth & Gibson, 1982; Serra, 1986a & 1986b; Schlumberger, 1991a) to delineate major rock-types 

(e.g., sandstone/shale /carbonates /cvaporitcs; etc) using techniques such as overlay, cross-plot, 

f o r m u l a t e d inversion, etc. 

D.I.2 Lithology/texture: lithology logs 

T h e in te rpre ta t ion of l i thology logs (e.g., spon taneous potential , g a m m a ray logs) in t e rms of grain-size 

( large extent) and of compos i t ion (e.g., sands tone vs. l imestone; small extent) has b e e n widespread (e.g., 

Asquith & Gibson, 1982; Cant, 1984; Serra, 1986a,1986b, 1989). Moreover, the vertical pattern 

( shape /mot i f ) analyses of these logs, in terms of vertical grain-size evolution (e.g., fining- and 

coarsen ing-upward) , has been widely used to infer depositional morphologica l e lement ( s ) within a 

specific envi ronmenta l or tec tonic setting (e.g., Cant , 1984), 

Al though , this kind of s t ra ight - forward application has been criticised by Rider (1990), f r om 

cons idera t ion of the var ious d rawbacks inherent in the na tu re of the da ta -base (e.g., ar t i fact) and f r o m 

spur ious da ta - in te rp re ta t ions (e.g., lack of ground- t ru ths , over-simplif icat ion, etc) . F o r example . I m a m 

and Trewin (1991) have shown for the Nor th Sea Claymore Sands tones that high values (50-170 A P I ) 

of g a m m a ray logs a re not necessari ly re la ted to small grain-size (e.g., clays) but can also be caused by 

a highly radioact ive compos i t ion (potash feldspar, zircon, & monaz i te ) . 

A p a r t f rom this kind of convent ional application, the enhanced (signal) process ing of g a m m a ray logs 

a long with o ther da ta se ts (e.g., F M S images; core bar re l sheets ) , have b e e n used to delineate 

Milankovi tch cyclicity within the Jurass ic and Cre taceous radio lar ian sed iments (Molinie , Ogg, et al., 

1990; Molinie & Ogg, 1992). 

D . I 3 Sedimentary feature/sequence: dipmeter-microresistivity logs 

Textura l in te rpre ta t ions of he te rogene i ty or homogenei ty in grain-size dis t r ibut ion in the case of massive 

b e d s or units (e.g., cong lomera t e s /b r ecc i a s ) , and of m o n o t o n o u s p lanar bedd ing / l amina t ion , and the 

recogni t ion of overall gra in size t rends, in the case of lurbidi te beds and sequences , have been well 

d o c u m e n t e d by dipmeter-microres is t iv i ty s ignatures (e.g., Serra , 1986a, 1989a; Sal imullah & Stow, 1992b; 

D e l h o m m e e f a/., 1988). T h e recogni t ion and interpreta t ion of s ed imen ta ry s t ructures , including bedd ing 

contacts , s lump folds, c ross -bedd ing / l amina t ion , g raded bedding, etc. have also been presen ted by 

var ious au thors (e.g., Ser ra , 1986a, 1986b, 1989a; Salimullah & Stow, 1992b; H o c k e r et al., 1990). 

E lec t ro- fac ies sequence analysis, by vertical t rend analysis of dip readings (magn i tude ) combined with 
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the lithology log molives (mentioned above), has been used to delineate vertical sequences of 

depositional facies in terms of bed-thickncss and grain-size trends (e.g., Serra, 1989a; Selley, 1979; 

Sch lumberge r , 1986a, 1986b; S h a n m u g a m & Moio la , 1988). In addi t ion, d ip -az imuth interpretations have 

been used to infer the direction of b e d / s e q u e n c e p inch-out (geome t ry of cer ta in reservoi r intervals) f rom 

d a t a ext rapola t ion, and of pa laeocur ren t d i rec t ion f r o m cross-beds (e.g., R ide r , 1992). 

D.I.4 Sediment chemistry/diagenesis: geopliysical/geochemical 

combination logs 

Del inea t ion as well as d i f ferent ia t ion of rock- types ba sed on m a j o r rock-chemis t ry , by cross-plots of the 

var ious data sets derived f rom the porosity logs m e n t i o n e d above, a r e widely known (e.g., Serra, 1986a, 

1986b). But the combination of lithology logs (e.g., gamma ray logs) and porosity logs (e.g., sonic, density 

logs) has b e e n uniquely documented in re la t ion to delineation of d iagene t ic facies (e.g., u n c e m e n t e d 

sands , c a r b o n a t e cemen ted hor izons in cong lomera te s , phospha t i c c emen t s ) in reservoir rocks (Selley, 

1992; H u m p h r e y s & Lolt , 1991), as well as compac t iona l f ea tu res in var ious rock- types (Serra , 1986b). 

Recen t ly developed e lementa l - (10 e lements ) and oxide-logs (p rocessed geochemica l combina t ion logs) 

have b e c o m e increasingly popular for: (a) ident i fying rock- types in poor ly recovered intervals (Salimullah 

& Stow, 1992a), (b) mineralogical d iscr iminat ion and s ands tone classification (e.g., H e r r o n & H e r r o n , 

1990), and (c) de t e rmina t ion of minera logy in a volcanic s e q u e n c e (e.g., H a r v e y and Lovell, 1992). A p a r t 

f r o m this kind of applicat ion, a complex combina t ion of geophysical- and geochemical - logs , has been 

a d o p t e d to docum e n t sed iment intervals con ta in ing var ious p ropor t ions of total o rgan ic ca rbon ( T O C ) 

within a known source rock-unit (e.g., Fer t l and Chil l inger, 1988; Stocks & Lawrence , 1991; Myers & 

Jenkyns , 1992). F M S images have been uniquely use to recognise the p r e s e n c e of var ious diagenet ic 

f e a t u r e s including stylolites, cher ts and anhydr i t ic nodules , and h a r d - g r o u n d s in c a rbona t e s (Serra , 

1986b). 

D.I.5 Sediment facies: FMS images 

S e d i m e n t facies, def ined in t e rms of t ex ture and s t ruc tu re ( inorganic and biogenic) , have been 

de l inea ted by F M S images to progressively finer and finer scales since the in t roduc t ion of the F M S logs 

in 1986 (Eks t rom et al., 1986). Sed imen ta ry f ea tu res at a scale of 1 cm f rom a variety of different 

s ed imen t facies, have been uniquely d o c u m e n t e d by dynamic and hilite normal i sa t ion images (Boyeldieu 

& Jeffreys, 1988; Trouillcr, J-C., et al., 1989; Serra, 1989a, 1989b; Marker et al., 1990; Luthi, 1990; 

Sal imul lah & Stow, 1992b). Suitably enhanced 2 D / 3 D F M S / F M I ( fo rma t ion mic ro imager ) images of 

a specif ic dep th (da ta ) interval, with in-depth sedimentologica l (subject ive) knowledge in relation to 

in te rpre ta t ion-appl ica t ion context, can be used to d o c u m e n t a 3 -d imens iona l p ic tu re of a part icular 

s ed imen ta ry s t ruc ture (e.g.. Bull 's eye; Sch lumberge r , 1991b & 1992), and di rec t ional in te rpre ta t ions of 

a sed imen ta ry bed (e.g., possible pinch o u t / p a l a e o - f l o w direct ion; Sal imul lah, Stow, & Cull; in press) . 
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D. I I Synthesis of Papers/Manuscripts Presented 

in this Thesis 

T h e main t h e m e of the six manuscr ip t s (papers) , which const i tu te the dominan t por t ion of this thesis, 

has been the application and interpretation of wireline logs, in particular FMS logs, within the field of 

d e e p m a r i n e sedimento logy, taking examples f rom the O D P Leg 129. A l though this study has 

concentrated on volcaniclastic rock intervals/sections, the methodology would be generally applicable 

to any other rock-typc (e.g., siliciclastic/carbonate). 

In the following sections, an attempt is taken to summarise: 

(a) how [he basic scdimentology from recovered cores as well as from published texts has been 

transferred to the wireline logs and vice-versa; and (b) how far it is possible to push interpretation of 

the logs (in terms of scale and degree) within the available facility of data processing. 

D. I I . l Knowledge from rocks (see paper 1) 

T h e recovered cores of the volcaniclastic units in all the sites displayed well preserved sedimentary 

features (texture, structure and composition). On the basis of vertical evolution of these sedimentary 

features in certain well-recovered coring intervals, the entire volcaniclastic sections are divided into seven 

genetical ly re la ted s e d i m e n t a r y f a d e s : debri tes , s lumps, fluidized-flow deposits , gra in-f low deposits, 

volcaniclastic turbidites, calcareous volcaniclastic turbidites, and pelagic sediments and bioclastlc 

turbidi tes . 

D.II.2 Conversion of rock-knowledge to wireline logs 

and vice-versa (see papers 1 & 2) 

T h e sed imenta ry f ea tu re s observed in rocks and their vertical evolution a re directly cal ibrated with the 

var ious wireline logs in the case of well-recovered coring intervals. On the o ther hand, where cores a re 

scarce or d is turbed a n d / o r wire l ine log s ignatures show dissimilarity with those that a r e already 

calibrated, they a re c o m p a r e d with the published da ta -base w h e r e possible. Next, these log s ignatures 

are correlated with the respective interpretation-context. However, if some log signatures do not fall into 

ei ther of the two ca tegor ies mentioned above, the physical in te rpre ta t ion of these s ignatures a re 

cor re la ted with known sed imen ta ry fea tu res largely by m e a n s of pa t te rn recogni t ion. 

D . I I 3 Wireline log signatures of sedimentary 

facies (see paper 2) 

Following the above m e n t i o n e d methodolog ies in t e rms of translation/conversion of the rock-knowledge 

to the wireline logs and vice-versa, the discrete signature of each kind of wireline log in relation to each 

sediment facics is established. The fine-scale sedimentary features (e.g., lamination) are firstly 

127 



documenlcd by ihe FMS images, bccausc these have Ihe highest feature-resolution capability among the 

wireline logs which arc used in this study. Then, each sedimentary facies, in the form of beds or 

packages of beds, are correlated with the other available wireline logs (dipmeter-microresistivity, gamma-

ray, geochemical logs). 

D.II.4 Application of wireline log signatures 

(see papers 3 & 5) 

T h e interpolation/extrapolation of the wireline log signatures, representing various sedimentary features 

as well as depositional sedimentary facies, are used to translate/convert the entire sections/intervals 

(metre by metre) within the volcaniclastic units, for which wireline logs were successfully recovered 

(Lancelo t & Larson el ai, 1990). Thus , a new visual descr ip t ion for each cor ing interval is p roduced , that 

has been called 'FID' (Salimullah & Stow, this volume) . These FIDs provide a more complete 

sed imen ta ry p ic ture than previously and e l iminate any s ed imen ta ry da ta -gaps and d rawbacks caused f rom 

p o o r core-recovery, core -d i s tu rbances (e.g., drillingbreccia), non-core- recovery , and core-depth-matching. 

From this kind of additional data base, the vertical continuity and distribution of each sedimentary facies 

a r e de l ineated in o rde r to const ruct vertical s equences of t he facies at each of the si tes and so to infer 

t ec tono-sed imenta ry evolution of the study basins (Pigafe t ta and Eas t M a r i a n a Basins) . 

D.II.5 Context in FMS image sequences (see paper 4) 

T h e F M S image interpretations have f o r m e d the finest scale (about 1 cm) of resolvable sed imentary 

f e a t u r e (e.g., b io turba t ion , laminat ion, etc) a m o n g any of the o t h e r wire l ine log in t e rp re t a t ion used. They 

have the re fo re f o r m e d the basis of all the in te rpre ta t ion and appl icat ion m a d e in this stpdy. T o consider 

this fact, a kind of mode l in re la t ion to the sequences in the F M S image data , is p r e p a r e d , taking 

samples f rom a volcaniclastic turb id i te bed . T h e whole data set is divided into t h r e e contexts: physical, 

global, and local. The physical context involves largely the physical aspects of the images and is related 

largely to image restoration processes. The global context involves traditional/routine-type data which 

a r e used globally for the first o rde r subjective in te rpre ta t ion (e.g., turbidite recogni t ion) and is related 

to image normal isa t ion processes . T h e local context involves e n h a n c e d images which a r e used for the 

second- and th i rd-order subjective in te rpre ta t ions (e.g., detai ls within a tu rb id i te bed ) , and is related to 

image enhancemen t processes. 

D.n .6 Volcaniclastic turbidite sequences from wireline 

log interpretations (see paper 5) 

A s men t ioned above (D.II .4) , with the help of wirel ine log signatures including F M S images (FIDs) , the 

comple t e volcaniclastic successions of each site is cons idered , in terms of vertical d is t r ibut ion of the 

r e sed imen ted facies. These successions a r e considered as the first-order or macro-sca le ( > 1 0 0 m ) 
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sequences. Their genesis is compared wilh the existing archipelagic apron model of volcanic sequences 

(Kel ts & A r t h u r , 1981) and used to a p ropose a new mode l , in terms of distance be tween source-

seamounts and depositional sites, by Salimullah and Stow (paper 5). From these resedimented facies 

sequences, it is possible to extract the second-order or meso-scale (lO-lOOm) sequences and the third-

o r d e r or micro-scale ( < 1 0 m) sequences , in t e rms of bed- th ickness evolution and s ignature de t e rmined 

f r o m the F I D s . T h e s e meso- and microsequences a re charac te r i sed by d ipme te r and g a m m a ray log 

patterns in terms of bed-thickness and grain-size respectively. They are further supported by structural 

( sed imenta ry) details, compos i t iona l data, and turbidi te f r e q u e n c y calculations. T o combine the 

in te rp re ta t ion of all these da ta sets, the t ec tono-sed imenta ry evolut ion of the source a reas as well as the 

bas ins is characterised and their likely controls inferred. 

D.n.7 FMS images in ichnogenera recognition: 

an introduction (see paper 6) 

Unlike any other wireline logs used in this study, the analysis of F M S images, like any other images, is 

based largely on their textural and geometrical aspects. Since bioturbation marks preserved in 

sedimentary rocks reveal both textural and geometrical features, it should be possible to recognise and 

even to classify burrows using FMS image patterns ( shape/s ize) . Previous published work in this area 

is l imited to d o c u m e n t i n g the t race fossil marks by F M S images as t a p h o n o m i c s ignatures , but not as 

i chnogener ic signatures. In this study, an attempt is m a d e to d o c u m e n t six types of image pattern of the 

highly bioturbated volcaniclastic turbidite/hemiturbidite beds by sequential image e n h a n c e m e n t . T h e n , 

t he se F M S image pa t t e rns a re cor re la ted with the possible ichno-toponomic f ea tu res observed in 

recovered rock pieces a n d / o r with known deep mar ine i chnogenera (e.g., Wetze l , 1991). However , due 

to the lack of quali tat ive image data, the present interpretation mus t b e l imited to the recognit ion of 

s o m e ichnogenera f rom the F M S images and not to ampli f icat ion of their ecological implications. 

F u r t h e r m o r e , a slightly d i f fe ren t s cheme of turbidit ic b io turba t ion is p r o p o s e d f rom F M S image studies, 

with d u e cons idera t ion to existing concepts and classifications of b io tu rba t ion and m o r e specifically that 

of turbidi t ic b io tu rba t ion m a d e in actual sed iments and rocks. Finally, volcaniclastic hemi turb id i tes a re 

de l inea ted within the volcaniclastic turbidi te facies with the he lp of enhanced F M S images. 

D . I I I Scope of Further Research 

In any research , t he re always remains scope for continuity in t e r m s of finer to finer scale resolut ion, and 

of diversity in applicat ion. F inding the positive progression in the said d imension , is largely an in teract ion 

of ability, t ime, and technical facility. T o consider this fact, an a t t empt is m a d e below to out l ine the 

scope of possible research , which might follow on f rom the p resen t thesis work, in t h ree specific areas . 
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D . I I I . l Significance of fine scale FMS dip vs. FMS image signatures 

A m o n g t h e seven r e s e d i m e n t e d facies de l inea ted in the volcaniclastic units, Leg 129, s lumps, debri tes , 

fluidized-flow deposi ts , gra in- f low deposits , and volcaniclastic turbidi tes , a r e d iscr iminated f r o m each 

o t h e r on the basis of tex ture a n d / o r s t ruc tu re (Salimullah, 1992). T h e vertical s equences of f a d e s 

r ecogn i sed in this s tudy typically show a coincident evolution in the n a t u r e of in ternal f ea tu res of the 

cons t i tuen t beds . T h e s e in ternal f ea tu res have characteris t ic g e o m e t r y and tex ture which a r e largely 

imi ta ted in enhanced F M S images. Moreove r , many of the s t ruc tura l f ea tu res (e.g., g r aded bedding, 

l amina t ion ) a re m i r r o r e d by textural (grain-size) variation. 

F M S cor re l curves (resistivity t races) cor responding to the F M S images r ep re sen t ing these 

t e x t u r a l / s t r u c t u r a l fea tures , reveal uniquely the skeletons of the images which show relat ive similari t ies 

with the s t ructures , and thus conf i rm the F M S image in terpre ta t ions . O n the o the r hand , F M S dips 

( az imuths ) , co r r e spond ing to F M S images and F M S correl curves r ep resen t ing any sed imen ta ry 

s t ruc tures , show un ique re la t ions in t e rms of d ip-magni tude ( i n c r e a s e / d e c r e a s e / u n i f o r m ) as well as dip-

d i rec t ion ( change in d i rect ion) with specific e l ements (e.g., r e c u m b e n t folds in s lumps, angle of forse ts 

in cross b e d s / l a m i n a t i o n , no dips or r a n d o m dips in massive beds , etc) of the s t ruc tures . This leads to 

a still h igher d e g r e e of conf idence in F M S image in terpre ta t ions . This kind of F M S dip- versus F M S 

image - s igna tu re es tabl ished e i ther by cal ibrat ion or by correlat ion, can b e used to de l inea te detai led 

in te rna l f ea tu re s of any sed imen ta ry facies down to 1 cm resolut ion including the d e e p m a r i n e ones 

s tud ied in this thesis i r respect ive of the deg ree of core-recovery. Thus , fine scale sed imenta ry-process -

dynamic (e.g., hydrodynamic) in te rpre ta t ion can be achieved. 

D.ni .2 Application of FMS images in core orientation studies 

Core -o r i en t a t i on , in the genera l case, m e a n s the t rue or ienta t ion of the recovered cores with respect to 

tha t of the b o r e h o l e walls. But in o ther cases, for example, w h e r e the re is poor-core- recovery , core-

d i s t u r b a n c e or f r agmented-core - recovery , core-or ienta t ion also implies: (a) d e p t h - m a t c h i n g of recovered 

cores ; (b) checking the correct vertical or ienta t ion of core pieces, that may b e c o m e misplaced dur ing 

handl ing ; and (c) recognising the intrusion of core-pieces f rom the overlying cor ing interval. Since F M S 

images provide a con t inuous p ic ture of b o r e h o l e walls with absolu te or ien ta t ion , by cal ibrat ion with 

specif ic s ed imen ta ry f ea tu res (e.g., b i fu rca ted burrows, bedd ing contacts , etc) the image in te rp re ta t ions 

can b e used in this kind of highly sophis t icated core-or ienta t ion . This appl icat ion of F M S images has 

b e e n par t ly d o c u m e n t e d for O D P Leg 129 cores in this thesis, but much fu r the r work is still r equ i red . 

D.1 I I3 Finding sedimentary causes of core-loss 

from FMS image studies 

A v e r a g e core- loss of the study sites used in this thesis ranges f rom 71-84%, with a m a x i m u m of 90-100%. 
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In this kind of s i tuat ion, h o w F M S images can b e applied to provide and e n h a n c e sed imenta ry data-

interpretations, has been documented (Salimullah & Stow, 1992b; paper 3 this thesis). Further research 

in this l ine suggests tha t t h e r e is a un ique relat ion as well as c o h e r e n c e be tween a deg ree ( range in 

p e r c e n t a g e ) of core- loss and a dominan t - type of sed imentary f a d e s (in t e r m s of texture and s t ruc ture) 

within a cor ing interval. T o cons ider this fact, the whole d imens ion of core-loss, in volcaniclastic intervals 

of O D P L e g 129, is divided into four aspects: (a) core-loss in h o m o g e n e o u s massive intervals; (b) core-

loss in l amina t i on -domina t ed intervals; (c) core-loss in b i o t u r b a t i o n - d o m i n a t e d intervals; and (d) core-

loss in s l u m p - d o m i n a t e d intervals. Al though , the water dep ths of t he sites (5.6-5.8 km) may b e a 

r e a s o n a b l e factor side by side with the mechanica l aspect of dril l ing in t e r m s of core-loss, they a re 

un i fo rmly appl icable to all cor ing intervals irrespective to lithology a n d / o r g e o m e t r y of sed imentary rock-

beds . H e n c e , it may b e possible to provide philosophical i n t e rp re t a t ions of core- loss in t e rms of 

s ed imen t - t ex tu re (e.g., size, sort ing, grading, homogene i ty /he t e rogene i ty ) , b e d - g e o m e t r y (e.g., or ienta t ion 

of beds , bed-a t t i tude) , rock-mechan ics (e.g., hardness , consol idat ion, f r agmen ta t i on , g roundness ) , and 

cor ing-mechan ics (e.g., bit act ion, co re -en t rance in core-barre l , role of core -ca tcher ; etc) . 

D .rV Conclusions 

T h e m a j o r findings of this thesis can b e summar i sed in the fol lowing points: 

1. T h e charac ter is t ic s igna tures of various wireline logs, including F M S images, d ipmete r -

microresist ivity and g a m m a ray logs, of r e sed imen ted volcaniclast ic facies and their vertical 

s equences in m i d - o c e a n basins, have been d o c u m e n t e d for the first t ime. 

2. A re f ined m e t h o d o l o g y for the applicat ion of these log s ignatures , specifically of F M S images, 

to de l inea te r e s e d i m e n t e d volcaniclastic facies under condi t ions of core-loss, core -damage , and 

non-co red intervals, has b e e n developed. 

3. F M S image descr ip t ions (F IDs ) have been in t roduced to rep lace visual core descript ions 

( V C D s ) in o r d e r to ob ta in a relatively comple te s ed imen ta ry p ic ture of a cor ing interval in the 

s i tuat ions m e n t i o n e d in (2). T h e s e F I D s can be cons idered as a rou t ine logging task in the O D P 

as well as in p e t r o l e u m industr ies . 

4. Ca re fu l use of F M S / d i p m e t e r and g a m m a ray logs has b e e n m a d e to de l inea te and to 

charac te r i se tu rb id i t e sequences of various scales (macro- , meso- , and microsequences) , in mid-

ocean volcaniclastic successions. In part icular , new types of mic rosequences , oscillation and saw-

tooth sequences , have been in t roduced for the first t ime. 
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5. A new ref ined mode l of vertical s equences for an archipelagic ap ron and its extension up to a 

mid -ocean basin, control led by the d is tance be tween source s e a m o u n t s and deposi t ional sites, 

has b e e n in t roduced for the first t ime. 

6. T h e existing s t anda rd grading s c h e m e for F M S image in te rpre ta t ion-appl ica t ion (context) by 

Se r r a (1989b), has been modi f ied and e n h a n c e d . 

7. T h e context of F M S image (da ta ) sequences , th rough a c o m p u t e r a u t o m a t e d a p p r o a c h (in the 

d o m a i n of c o m p u t e r vision), based upon only o n e volcaniclastic tu rb id i te bed , has been 

in t roduced , and can b e used as a kind of da ta m o d e l by Wire l ine Geo log i s t s /Sed imento log i s t s . 

8. A s e q u e n c e of e n h a n c e m e n t of F M S images, in o rde r to recognise pa t t e rns of b io turba t iona l 

i m a g e mot t l e s and their possible corre la t ion with d e e p - m a r i n e i chnogenera and ichnofacies , has 

b e e n p r o p o s e d as well as d o c u m e n t e d for the first t ime. Volcaniclast ic hemi tu rb id i t e s have thus 

b e ident i f ied. 

9. A b o v e all, the concept of sed imento logy f rom wirel ine logs, that is Wire l ine Sedimento logv. has 

b e e n f u r t h e r advanced, taking due account of previously publ ished sed imento logica l appl icat ions 

of wirel ine logs. Al though , this thesis conta ins examples f rom d e e p m a r i n e volcaniclastic rocks, 

t he basic pr inciples of conversion of convent ional sed imento logy to wirel ine sed imento logy and 

vice-versa, a r e equally applicable to any o the r s e d i m e n t / r o c k - t y p e depos i ted in any o ther 

env i ronmen t . 

10. F u r t h e r r e sea rch in line with a p p r o p r i a t e technical and financial capabil i t ies (e.g., compu te r 

work stat ions, sof twares , data-bases , etc), may fu r the r e n h a n c e the appl icat ion of wirel ine logs, 

specifically of F M S images to study aspects of core -or ien ta t ion and core-loss m o r e precisely. O n 

the o the r hand , the qualitative F M S image in te rp re ta t ions p resen ted in this thesis, can be 

quant i f ied using relevant so fware interactively. This can e n h a n c e the d e g r e e of conf idence of 

the subject ive appl icat ions including the ichnofacies recognit ion. 
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APPENDIX 

WIRELINE LOGGING M E T H O D S : A Technical Summary 

A. l Introduction 

Since the in t roduc t ion of Wire l ine logging techn iques by Schh imbe rge r Bro the r s in 1927, with a view to 

delineating pctrophysical properties of petroleum reservoirs, this logging method has b e c o m e more and 

m o r e sophisticated and evolved partly as a result of a continuously evolving engineering science. T h e 

main aspec t s of wirel ine logging are two fold: a) geophysical logging: that deals with petrophysics ; and 

b) geochemical logging: that deals with petrochemistry. In the following sections, an attempt is taken to 

highlight the methods (that are used in this study) of these two aspects of logging in terms of their: a) 

principles (physics of the technique); b) tool concepts (tool- mechanics/configurations); and c) data 

acquisition and processing (primary). O n the other hand, since this study is based on Ocean Drilling 

P r o g r a m ( O D P ) mater ia l , hence the examples (e.g., tool conf igura t ion) are largely taken f r o m that 

context w h e r e available. 

A.2 Geophysical Logging 

Geophysical logging involves measuring various petrophysical properties (e.g., density, porosity, acoustic 

impedance, fluid-content, etc.), using various physical techniques based upon fundamental 

e n e r g i e s / f o r c e s (e.g., electricity, seismicity, magne t i sm, radioactivity, etc.). In this study, electrical logging 

m e t h o d s a r e used extensively, w h e r e a s radioactive m e t h o d s (i.e., g a m m a - r a y logs) and geochemica l 

logging a r e used minimally. Moreove r , a m o n g the var ious electrical logging tools, only two kinds a re 

u s e d in this study: the d ipmeter-microres is l iv i ty tool and the F o r m a t i o n Mic roScanne r (FMS*) tool. 

Since this study is based largely upon the F M S data / images and (he FMS tool and its basic concept is 

a hybrid of the d ipme tc r tool, the following di.scusssion will focus on the F M S technique . However , t he re 

are significant differences between this two techniques in terms of data acquisition, data processing and 

interpretation-application (context), so those readers specifically interested in the dipmeter technique 

are referred to the relevant literatures (e.g., Schlumberger, 1986a; Rider, 1990, 1992; D e l h o m m e et al., 

1988; Hockcr et al., 1990). 

A.2.1 F M S tool concept 

T h e physical rock p roper ty on which the F M S tool works is electrical resistivity variation near the 

b o r e h o l e walls. T h e tool (Fig. 1) is a pad-based, passivelv-focussed resistivity measu r ing device, the 

physics of which is essentially based on quasi-electroslatics (Ekstrom et al., 1986). A conducting pad is 

articulated to the borehole surface. The pad is an equipotential surface, held at a constant potential 

136 



/ \ 
X T 

TELEMETRY 

n 
k ? ) INSULATING SUB 

n _ r 

AMPLIFICATION 
CARTRIDGE 
, INSULMNNO 

r - L 
SLEEVE 

FLEX.JOINT 

INCLINOMETER 

PREAMPLIFICATION 
CARTmDGE 

1 

HYDRAULICS 

PAD CONFIGURATION 

0.4 

SIDE BY SiOf 

IMAGE COVERAGE 2 0 ^ 
WITH 2 PADS IN 81/2" 

HOLE. 

TOTAL LENGTH. 3 1 k m t 
(9.45 m) 

TOTAL WEIGHT - 537 lbs 
(243 kg) 

OPTIMUM PAD CURV. : 8" 1/2 
CLOSED DIAMETER : 5" 
MAXIMUM OPEN DIA.: 21" 

J 

4 ARM SONDE 

F i g . 1. T h e F M S t o o l ( t a k e n f r o m 

E k s t r o m , M . P . e l a l . , 1 9 8 6 ) . 

EOUIPOTENTIAL 
SURFACES 

CONDUCTING 

CURRENT 

CURRENT 
FIELD 

F i g . 2 a . P a d / e I c c t r o d e c o n f i g u r a t i o n 

f o r m i c r o r e s i s i i v i t y m e a s u r e m e n t s 

( f r o m E k s t r o m , M . P . e l a l . . 1 9 8 6 ) . 

H 

-Si 

\ i n 

F i g . 2c . S t a g g e r e d c l e c t r o c l e a r r a y 

w i t h o v e r l a p p e d s a m p l i n g ( f r o m 

E k s t r o n i , .M.P . e t a l . , 1 9 8 6 ; . 

F i g . 2 b . . M o d e l l i n g r e p r c s e n i a i i o n o f 

m u l t i - e l e c t r o d e p a d . T h e c l e c t r o d e s 

a r c d i s k - s h a p e d f o r i s o t r o p i c 

r e s p o n s e ( f r o m H k s l r o m . M . I ' . 

e t a l . , 1 9 8 6 ) . 

Fofmaiion 
MicroScanner 

• 1 1 

w 

Fullbore Formation 
Micrclmager 

K - d 1 

F i g . 3. C o m p a r i s o n o f 

b o r e h o l e c o v e r a g e o f I ' M 1 

a n d F o r m a t i o n F M S i m a g e s 

( f r o m S c h l u m b e r g e r , 1 9 9 2 ) . 

137 



i i P s s i i H 
A.2.2 F M S data acquisi t ion guidelines 

A 2 2 . 1 m u d p r o g r a m m e 

A.2.2.2 borehole coverage 

= = = = = = = = 

A..2.23 borehole deviation 

A . 2 J Image processing 

13N 



A.23.1 depth shifting 

Since the rows of bu t tons a re at different vertical posit ions on the tool, the individual bu t ton responses 

mus t b e dep th shif ted by an amoun t equal to the dis tance be tween the uppe r pad row and the row in 

which the bu t ton is found (Schlumberger , 1992). T h e shifts for the lower rows on the pads a re 0.3"; t he 

shif ts for the upper and lower rows on the flaps a re 5.7" and 6", respectively. 

A.23.2 image generation 

T h e da ta acquired by each pad and each flap a re processed as a matr ix , with an az imutha l e l emen t for 

each bu t ton and a vertical e l emen t for each depth for which m e a s u r e m e n t s a re ob ta ined . Normally , bo th 

the hor izonta l and the vertical e l ements a re sampled at 0.1" intervals. E a c h matr ix e l emen t is r ep re sen ted 

on the image by a colour spot whose dimension depends on the az imutha l and vertical scales of chosen 

i m a g e (Sch lumberger , 1992). 

A . 2 3 3 equalisation 

R a w tool m e a s u r e m e n t s can be affected by drift in electronic circuits, uneven sensor appl ica t ion or o the r 

factors . Equal i sa t ion is a t echnique that compensa t e s for d i f fe rences in gain and offset of the sensor 

r e sponses by replac ing each sensor gain and offset by the m e a n gain and offse t of all the sensors 

c o m p u t e d in a use r -def ined sliding window. Typically, the length of the w indow is set to 15 ft. O t h e r 

op t ions use statistical m e t h o d s to detect and correct for dead b u t t o n s and E M E X cur ren t variat ions 

(Sch lumberger , 1992). 

A.23.4 speed correction 

T h e dep th shift ing descr ibed earl ier does not account for i r regular i t ies in the tool mot ion ; it is necessary 

to c o m p u t e the effect ive dep th of m e a s u r e m e n t of each sensor . T w o t echn iques a r e available to p e r f o r m 

this correct ion: doub le integrat ion of the tool accelerat ion, and cor re la t ing the r e sponse f rom the 

ad jacen t rows of the sensors and recomput ing the actual dep th of the m e a s u r e m e n t s (Sch lumberger , 

1992). 

A.23.5 normalisation 

T h e normal i sa t ion is used to def ine the limits of the image co lour classes. A h i s togram of the data is 

c o m p u t e d and the total range of is part i t ioned into 17 (for grey-scale) or 42 (colour-sca le) classes, each 

with the s a m e data count . This results in an equal area for each g r e y / c o l o u r r a n g e on the final picture. 

By defaul t , the 17 or 42 g rey /co lours range f rom white (resistive) t h r o u g h o r a n g e to black (conduct ive) . 

O t h e r colour scales, using shades of grey and brown, a re available (Sch lumberge r , 1992). T h e r e a re two 

types of normal isa t ion: 

Stat ic normal isa t ion involves defining the g rey /co lour classes of the en t i re set of data . It is best suited 

for observing large-scale resistivity variations. Dynamic normal isa t ion r e c o m p u t e s the g r ey / co lou r scale 
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to b e applied over a shor te r , user -def ined , sliding depth window and is used to detect small-scale 

resistivity cont ras ts ( for details, see Sch lumberger , 1989; paper 4, this volume) . 

K 2 A FMS image interpretation-application 

A.2.4.1 image interpretation approach 

T h e d e g r e e and classes of g r e y / c o l o u r tones of the F M S images r ep re sen t the resist ivity/conductivity 

of the b o r e h o l e wal ls /geologica l fo rmat ion , providing that the images a re beyond the defec t ion re la ted 

to var ious image ar t i facts (Bourke , 1989, 1992). T h e s t ra ight forward t ransla t ion of the F M S images is 

tha t whi t e / l igh te r grey m e a n s resistive- and the b l a c k / d a r k e r grey m e a n s conduct ive-events of the 

geological fo rmat ions . T h e in-between g rey /co lour tones re la te to an in te rmed ia te scale of 

resistivity/conductivity events of the fo rmat ion . T h e pr imary control over the g r ey / co lou r tones may be 

re la ted to various petrophysical p roper t i e s of the format ion , including grainsize, porosity, f luid-content , 

gra in density and so on. H e n c e , image calibrat ion with the recovered rocks is essential to a certain extent 

( fo r detai ls see pape r 3 & 6, this volume) . 

A.2.4.2 application 

T h e F M S images can be appl ied in several areas of study including sedimentology, pe t ro leum geology, 

s t ruc tura l geology, and p e t r o l e u m engineer ing (see Sch lumberger , 1986b; Serra , 1986a & b, 1989a & b; 

this vo lume) . T h e main t h e m e lies in their capacity of fine scale (up to 1 cm) resolut ion of resistivity 

events re la ted to var ious subject ive fea tu res including sed imen ta ry s t ruc tures (e.g., laminat ion) . O n the 

o the r hand, they provide a cont inuous picture of the b o r e h o l e walls, thus facil i tate un in te r rup ted 

subject ive p ic ture of t he fo rma t ions . They also e n h a n c e the subject ive in te rpre ta t ion of the o ther kinds 

of boreho le - log data (e.g., g a m m a ray, d ipmete r , etc.) that have lower degrees of f ea tu re resolut ion. 

A 3 Geochemical Logging 

G e o c h e m i c a l logging involves nuclear m e a s u r e m e n t s of bo reho le walls in the fo rms of natura l g a m m a 

radia t ion , a lumin ium activation, captur ing g a m m a ray spectroscopy, and g a m m a ray interact ions, that 

a r e re la ted to four s e p a r a t e t oo l - componen t s (descr ibed below) compr is ing a Geochemica l Logging Tool 

( G L T ) (Lovell, Harvey, & Lofts , 1993). T h e principal aim of this logging is to obta in quant i ta t ive 

c o n c e n t r a t i o n s / m e a s u r e m e n t s of 10 e l emen t s (Al, Si, Ca, Fe, S, Ti, K, Th, U , Gd , and possibly Mg) 

( H e r r o n & H e r r o n , 1990). 

A3.1 Geochemical Logging Tool (GLT) 

T h e G L T (see Fig. 4) compr i ses four main components : the na tura l g a m m a - r a y tool ( N G T ) , the 

c o m p e n s a t e d ne t ron tool ( C N T ) , the a l luminium activation clay tool ( A A C T ) , and the g a m m a - r a y 

speclrometry tool (GST) (Pratson et al, 1992). 
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A J . I . l T h c N G T 

T h e N G T measu res natural ly occurr ing g a m m a radiat ion as a funct ion of the emi t t ed g a m m a ray energy. 

Th i s incident g a m m a - ray spec t rum is divided into five discrete windows (energy ranges ; see Fig. 5) 

a m o n g t h e m th ree windows lie in the high energy part of the spec t rum (windows 3-5) and d e n o t e the 

charac ter i s t ic peaks of K, U, and Th (for details see Lovcll, Harvey, & Lofts , 1993). T h e tool is located 

at t he top of the G L T st r ing so that the fo rmat ion is main ta ined in as na tura l a condi t ion as possible, 

as well as being u n c o n t a m i n a t e d by nuclear sources conta ined in o ther tools located be low the N G T . 

A J . l ^ T h e A A C T 

T h e A A C T tool m e a s u r e s A1 concent ra t ions of the fo rma t ion . G a m m a rays tha t resul t f r om delayed 

activation, by using a low energy cal i fornium source emit t ing neu t rons at a r o u n d 2.3 M e V , enables the 

de t e rmina t i on of Al. T h e cal i fornium source is housed in a convent ional n e u t r o n tool ( C N T - G ) , 

pos i t ioned above the A A C T in the string. T h e A A C T tool is itself a modif ied na tura l g a m m a - r a y tool 

( N G T ) m a d e to detect induced gamma- rays as well as the na tura l g a m m a ray signal. T h e net spec t rum 

f r o m Al is then calculated by deduct ing the N G T cont r ibut ion d e t e r m i n e d f r o m the N G T tool 

( m e n t i o n e d above) ( for details, see Lofts , 1993). 

A J . I J Tlie GST 

T h e G a m m a - r a y spec t rome t ry Tool (GST) fo rms the third c o m p o n e n t of the G L T st r ing and lies at the 

b a s e of the string. T h e main principle of the G S T involves higher energy n e u t r o n s (14 M e V ) emi t t ed 

f r o m a mini -acce lera tor that a re slowed down through scat ter ing processes and their eventual ly cap tu red 

at low the rma l energy levels ( < 0 . 2 5 e V ) in o rde r to p roduce p r o m p t g a m m a - r a y s (Lovell, Harvey & 

Lof t s , 1993). Since the energy of these emi t ted g a m m a rays is re la ted to the e l e m e n t of origin, hence 

by us ing a spectral de tec to r with 256 channels it is possible to s epa ra t e out severa l e lements . Fo r an 

e l e m e n t to be de t e rmined it has to have a large thermal cap tu re cross-sect ion. T h e spect ra l s ignatures 

a r e then examined in t e rms of their deg ree of un iqueness /d is t inc t iveness and of e l emen ta l concent ra t ion , 

with a view to finding out that an e lement can be resolved by this technique . E l e m e n t s that can b e 

d e t e r m i n e d by this tool include Ca, Fe, Si, K, S, Ti, Gd, H, and CI. 

A3.1.4 The LOT 

T h e Li tho-densi ty tool ( L O T ) uses the med ium to low energy g a m m a ray in te rac t ions (Lovell, Harvey 

& Lof ts , 1993). In a low energy condit ion, the photoelect r ic effect (Pe) provides an e s t ima t e of the m e a n 

a t o m i c n u m b e r of the fo rma t ion . But in a med ium energy condit ion, Con ip ton Sca t te r ing enables to 

d e t e r m i n a t i o n of the e lec t ron density (and thus bulk density for most geological mate r ia l s ) . 

It is evident that the techniques involved in the three tools men t ioned above can b e used to es t imate all 

t he m a j o r rock- fo rming e lements , except for Na and Mg, However , f rom the L O T , it is possible to 
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calcula te a iheore t ica l a tomic n u m b e r for these two e lements . T h e d i f fe rence be tween this e s t ima te and 

that m e a s u r e d by the photoelec t r ic cffcct is t h e r e f o r e a t t r ibutable to (Na + Mg) . 

It is poss ible to d e t e r m i n e insitu all commonly occurr ing m a j o r e l emen t s of the subsu r face fo rma t ions 

in the O D P boreho les , using this app roach with an obvious exception to this being when a ba r ium 

weighted m u d is used. T h e n , due to the large photoe lec t r ic cross-section, the ba r ium would con t r ibu te 

cons iderab ly to the missing P e value. This condi t ion is m o r e c o m m o n in o ther industr ia l cases r a the r 

than in the O D P . Howeve r , the drawback in the case of the O D P lies w h e r e the hole b e c o m e s large and 

filled with seawate r , t he hydrogen and chlor ine cont r ibut ion to the p rompt g a m m a ray spect roscopy can 

b e very large. 

A_3.1^ A M S 

T h e auxiliary m e a s u r e m e n t sonde ( A M S ) located at the top of the G L T string m e a s u r e s resistivity and 

t e m p e r a t u r e of the b o r e h o l e fluid, facilitating de te rmina t ion of the salinity and effect ive a b u n d a n c e of 

chlor ine . It is t h e r e f o r e possible to es t imate the b o r e h o l e neu t ron cap ture cross-sect ion (Lovell, Harvey 

& Lofts, 1993). 

A32 Geocheniical Log-Data Processing Methods 

T h e well log da ta f r o m the tools a re t ransmi t ted digitally up a wirel ine and a re r eco rded and processed 

on the J O I D E S Resolu t ion . T h e results a re m a d e available as "field logs" for initial sh ipboard 

in te rp re ta t ion . S u b s e q u e n t reprocess ing is requ i red to correct the data for the ef fec ts of fluids added to 

the well, logging speed , and pipe in te r fe rence . Process ing of the spec t romet ry da ta is necessary to 

t r a n s f o r m the relative e lementa l yields into oxide weight f ract ions (Pra t son et al., 1992). T h e process ing 

is p e r f o r m e d with a set of log in te rpre ta t ion p r o g r a m m e s . T h e m a j o r s teps a re s u m m a r i s e d be low (for 

details, s e e Pralson et al., 1992; Lofts, 1993; Lovell, Harvey & Lofts, 1993): 

1. reconstruction of relative elemental yields from recorded spectral data: 

this involves a weighted, least squares me thod to c o m p a r e the m e a s u r e d spect ra f r om the 

geochemica l spec t romet ry tool with a ser ies of s t andard spectra in o rde r to d e t e r m i n e the 

relat ive cont r ibut ion (or yield) of each e lement . 

2. depth shifting: In the course of geochemica l processing data f rom d i f fe ren t tool runs a re 

c o m b i n e d . It is impor tan t to dep th cor re la te all data to one r e fe rence run. A total g a m m a ray 

curve ( f r o m the N G T , which is run on each tool string) usually is chosen as a r e f e r ence curve, 

based on cable tension and cable speed . 

3. ca lcu la t ion of total radioact iv i ty a n d Tii, U, & K concen t r a t ions : this involves calculat ion 

of the total natura l g a m m a radiat ion in the fo rmat ion as well as the concen t ra t ions of Th , U , 

& K, using the counts in five spectral windows from the N G T . 
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4. calculation of A1 concentration: this involves the calculation of an Al curve using four energy 

windows, while concurrent ly correc t ing for natural activity, bo reho le fluid neu t ron capture-cross-

section, f o r m a t i o n neu t ron -cap tu re cross-section, fo rma t ion slowing-down length, and b o r e h o l e 

size. 

5. normalization of elemental yields I'rom the GST to calculate the elemental weight fractions: 

this rou t ine combines the dry weight percen tages of Al and K with the recons t ruc ted yields to 

ob ta in dry weight pe rcen tages of the G S T e lements . 

6. calculation of oxide percentages: this involves s imple mult ipl icat ion of the pe rcen tage of each 

e l emen t by its associated oxide fac tor (see table 1, P ra t son et al., 1992). 

A33 Interpretation of Geochemical Log-Processed Data 

T h e in te rp re ta t ion of the da ta can be quali tat ive or quanti tat ive. M a j o r rock-type del ineat ion can b e 

p e r f o r m e d on the basis of gross e lementa l as well as oxide concent ra t ion of geological format ions . This 

can b e e n h a n c e d by ca l ib ra t ing /cor re la t ing the reprocessed log data with the quant i ta t ive labora tory da ta . 

S e d i m e n t / r o c k cyclicity in t e rms of ma jo r e l ements (e.g., Si, Ca, Al, Fe) can b e ascer ta ined in spot cored 

or unco red wells us ing the geochemica l logs. This can lead to subject ive in te rp re ta t ions of, for example , 

Mi lankovi tch cyclicity, deposi t ional env i ronment cyclicity, and so on. 

A.4 Discussion 

T h e p rogress ion of logging techniques lies mainly in their capacity of fea ture - reso lu t ion which in tu rn 

d e p e n d s on the deg rees of data sampling, da ta - in te rpre ta t ion , and in te rpre ta t ion-appl ica t ion (context) . 

All t he se s teps inc lude sophist icat ion in t echn iques / too l s , c o m p u t i n g / s o f t w a r e , and interact ive subject ive 

knowledge . 

T h e F M S tool, a hybrid product of the d ipmcte r tool, is able to collect data every 2.5 m m and the 

e n h a n c e d F M S images a re able to resolve a resistivity event up to 1 cm scale. T h e da ta acquisit ion, da ta 

processing, image normal i sa t ion and image e n h a n c e m e n t compr i se the m a j o r s teps in the F M S imaging 

d imens ion , each of which is a discrete field. Hence , this study has not a t t emp ted to fu r the r develop the 

me thodo log i e s involved, but ra ther to unders tand their l imitat ions and apply the results. 
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