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PROCESS Thi s
.rock characterization process. Generally mineral ogical information is
val uabl e for

controlling 5

AUTOMATED M NERAL | DENTI FI CATI ON AND ROCK2§2A8@§§5§I ATl ON
i nvention relates to an automated m ner al nd i tdon and

many fields of petrol eum engiineering, for exanple for

reservoir quality, rock/fluid interaction during

production operations etc. Such'information on the mineral ogical
conposition of a sanple, for instance a sandstone sanpl-e, is normally

det erf,ned by exam nation of a thin section using an opti cal

Inltlakly t he geol ogist will only give approxi mate abundances of the
mnerals present. |f nore RifsMa?Ep VANERE, 3DENTIRUEATION. aND1Ro&@MPl € 1S

~usual |y point-counted. Thi

m cr oscope.

nd i nvol ves

10

1?'FS'ﬁ?'F%HﬂﬂRF'?THFEHEH'VE'T!!EHTHW:UEFH&
identification of the mnerals pGEEEﬁEEEEEQEHEL.E%HLEh t hree hundred points

per thin section. In this 15

basi

Al so,

difficult to tell which mneral (or. pore) should be counted which further
restricts- quant FL&k9svat ReLFoLeUR e‘Fﬁ'“FE’E:’é}%
proceduse has ressddveilr iquadftyyutectgifiaiddnbérazaion idaging pbodhdtion hat an
el ectron beams
poi nts is obtai

' arrt

s of

as the. se@(lmmfisa@pnf ang reclt Mhekwé‘-ssi%m%mrocy%bl ens are _
encount ered when pO'GQB&rJl%'mﬁi&rﬂé&i@a?%@émaﬁkoﬁLl(‘shvgﬁuable for ByNtS it is

géggégﬁ Ie such that a coarse grid of 50 x 50 25

each’ point a full X-ray spectrumis collected and
anal ysed. To identi fyck Hafptrpatigh aoithe inpealogicalachuprsiitiion wftde grid

X-ray counts inghyRileVerSNehsianceh cyaad@é&ecgmmeqs%wna&% dlcegftheal ues
aid regions _of current reference materials, wher ei n _t :

smal | est

ference bet wR¥P¥apination of a thin section using an optical me.croscope
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Initially the geologist will only give approximate- abundances of
the minerals present. If more precise values are requlred, the
sample is usually point-counted. This is a labour intensive
technique and involves identification of the minerals ﬁresent at
about .two or three hundred points per thin section. In this

technique each point is analysed on the basis of its colour and

_texture. However, such a:pfocedure still gives only .

semi-quantitative information, especially for minerals of low

abundance. Also, as the section is of finite thickness (30 um),

problems are encountered when points fall on grain edges. At such

points it is difficult to'tell_which mineral (or pore) should be

counted which further restricts quantitative analysis. '
In recent prior art an automatic analysis procedure has

resulted in an automatic point-counting method in that an

electron beam scans a sample such that a coarse grid of 50 x 50

points is obtained. On eéch point a full X-ray spectrum is

collected and dnalysed. To identify the mineral compoéition of
each point in the grid X-ray counts in twelve energy regions are
compared with normalized values in said regions of current

reference materials, wherein the smallest difference between the

t echni que each point is analysed on the

its col our '}]Q j:[nt é’fon ré—pwgved asuct}_oma‘p docgrgléﬁ still gives only
semi -quantitative informa n, espec y m neral's of | ow abundance.

5 grample £or SORGHAALIRE anal ysi s



-2 - unknown spectrum and one of the reference spectra classifies

m ner al ogi call y the-consi dered point. Al so rock characterization procedures
are known in the art, particularly related to anal ysing reservoir pore
conmpl-exes. 5 ' Recent art has discl psed aut omated scanning el ectron

m croscope (SEM inmeging, wherein-back-scattered electrons (BSE) form an

i mge of a poli ghrtbwal B@éo&&n@adﬂal enémfde\/eelre&ﬁ@manedeeersI.gaaéﬁfles

representing in_time.var olta ch.are proportional to scene’_ _-
" brightness. In PAP¥F ?Et%ﬂgge\ik? ﬁ?jtd(?r?a‘!r!*uéﬁ"fig%s t he pores 10 araw®,

filled with epoxy rddse mdvkctharaatesizaoial pyockdures eave kmaym imethecawt.er ™ -
mneral grains NFIP&&Q&H& 'r@ﬂaééﬁﬂ%%n%&'si% PEAGSSEE Do V\Eé‘ VP BLs . Ways | _FQr

exanpl e .t he SEM I-mages a scanned by a vi deoscanner ereafter t he-
resul ting anal oée?%!}teﬂ%ll'@ﬁ disglaped quteprreft $ponhRg edeqiyon microsgerf t al
form In such a(gig tlabgir@qrmratatu@u smtebsere\re@lczfohelehsms gdmckhonically

arranged into an arra ri.d OLntS or e els ictyre

el enents) al | ocaP&F f% 3 rﬁ"gﬁ}%ﬂ mb‘r\erﬁlgfﬂ’iﬁf%? de§%’§1p ng ﬂﬁ'%%%d’i%f’ﬁ’tfal

pi xel s of such aephre@lehaing Hageiner eatiag svdlitegesa which hage pmhrntonpbrtea 20
I'n anot her exa C%g té;fehét% tﬁ@g%@erdw%w% ST Nl o§eas”p' €s,

N rrpreg&?t ed with pr i cal | ue epoxy ters al roduce
distribdtions: of“?)l F-e‘ér"rlé'psep%ﬁrr?&éh“‘%?&?‘ofﬁaﬁtﬁa&&alohéuféﬁ&“tzE?%“ |
val ues are assi gned;etaowh sﬁhagw ghapiar, es fromother matter.

In further anal ysi ngm\%:c L@ﬁlrra es as 9 tqa n:%j eabo e. er osi 02 and dj Iet'i on
techni ques are used % 80 R %5?3 & FEYSES W b
det erm ned. Li mekauplei ties @IEMgJ.mles|aﬁeos¢mmedrb3canvmosbamememéneeﬁtd35E

anal ysis. The p 230 -
| evel overl ap f%?pdp%%}dé#ﬁ% hﬂalog {ﬁ?&giéggts nerafr@(l P WI t R a variabl eJ
corrp05|1t5| on candégirad ey Lavatchoy dighpal angﬁtMth%gbmﬂaf’éld .
m ner al ogi cal i dendlekksaiiicanty Eheaﬁé&venﬁaeehlmgl w\gesalpeaht@rbrt echni ques

are cunbersone in tﬂg@ rat he é’ Iexe Loces ar]_qoggtct& gues anc 35
i ndirect i magi n§°pt 8A RIS PIGEES ntervals on a
. ‘gray level scale The individual pixels of such a digital 1mage
. are class1fied as either rock or pore.. _
20 o In another example colour filter. images ‘are obtained from
' mineral samples, 1mpregnated with pigmented typically blue epoxy. |
Such filters also produce distributions of pixel arrays. For eachh-
 colour image "one" and "zero" values are assigned to distinguish
pores. from other matter, -
25 . In further analysing of the 1mages'as ‘obtained above erosion_
:and dilation techniques are used with which pore complex ' _
characteristics can be determined o - ' ' A\J
Limited mineralogical information can be obtained from BSE
analySLS The problem lies in the fact that there may be a grey
30 level overlap for . different minerals, also minerals (clays) with
a variable comp031tion can cause grey level overlap, as such
'-hampering accurate’ mineralogical identification
- The- above-mentioned investigation techniques are )
cumbersome in.that rather complex processxng techniques and

35 -;;1nd1rect imaging procedures are used



~

- 3 - In the above mineral. identifying procedure only a few sanple points
are_analyzed. Internedi ate sanple areas and interstitial spacing are
ti.nvestigated insufficiently. Gain edge and pore wall characteristics
cannot. be determined at all in that way. 5 - I'n the above-nenti oned
rock characterization procedures the requrre% features have been acquired
only after performng internediate procedure sfeps as scanning of the BSE

i mge and then filtering of the scanned i mage. A main object of the present

i nventiyon is to i nproye tthalJere mme%{‘eird%tif}%ﬂg Jeo@a&mnom,pgeéw GEmf%
di scl osed above, tlcularl provi de a process wherein_tthe whol e 'sanp

will be covered, bS5 s ﬁ%ﬁlﬁ’Fﬁﬁ APFSFedisrosrmrl eaareas ¢rd inSRBTEGipy ocess
whi ch al | ows bot hs paiic g aalrecimsdgamaamﬂuﬂfndngﬁel;et Gt&ial etge landBddriexwaind

pore network charggter n i.n_whi ess .nqQ operat |nt erference 15
Is required. A fu%t %gc{erq&&ts 57" %e E resg"C mreﬁvgtn Ef |%tl X’prove t he

above- menti ohed ni ner & tbba@l@ﬂ?rmttumqom@e@baeact\ieizmenIw:oce@,tmt thf the

present invention.degifds eegé&w RRE LG \A@&Jaraadorﬁgcgfe&t péfoRhfgedur es
which are directly processrng BSE 1 nformati ta. To arrive at the

above- nentioned oifjteEradiate Rf\?é?%ﬁes%qi’é #F $cauniag Shdthechik r}gégeaﬁ&dt@en

' accorrpl i sh said ijlesiﬁ,gt e ﬁh@emhea rmagaj onis a corrput er control |l ed
process for analyzi ng and c ar act Fé g ol i shed m ner al
(0]

conpri sing the steps Jec'é B TYSFoR s F?rg‘ n?%‘éﬁjltﬁﬁ
di spl ayi ng ¥hd pmdoeseli rigerstarf]bbetmbat au;ocfedmsetsl ys bisateosey bbcte,spattienbarly

el ectron (BSE) rgaggp&,&gt eg,rt,s wfm&fn' urtﬁ &g f wehfaor;pg@ve ahOUgh

whi ch BSE i nfornmati re obtal ne processe I zi ng
and directly conwereeRRIthEW aFLEyt eve\rldrenraﬁuﬂr&mwomeal Ps%ﬂeésd‘éhle&h%‘—lws

being further subjoertmchets $295BIHiIBLEQM Bhd Febiedr@¥E] Stocli Mtk i1 SRl h&re
i ndi vidual objects in.the field of view, to wt JDares from grains lgzrence

detecting dark am§ HoRk & ?’T(’cﬁﬁ’é%m%elﬁ‘a?’lé’t‘ihn@m ess no operator inter

15. is required.

A further object of the present invention is to imprbve the
above-mentioned mineral classification proéedure. |

Yet another 6bject of the present invention is to perform pore
network and rock matrix procedures which are dlrectly proce351ng

20, BSE information data. ) _

To arrive at the abo&e;menfioned objects, to overcome the
discussed shortcomings and to accomplish eaid objects the present
invention is a.comﬁuter controlled process for analyzing and
characterizing polished mineral samples, comprising the steps of

25 automated'compiling,_s;oring, reading, displaying and processing
sample data, firstly by using back-sca;tered electron (BSE) imaging
of at least one field of view of a saﬁple through which BSE

.information data are obtained;.fuither proceSsed by digitizing and
directly convefted ineo grey level information data, said data

30 being'further subjected to segmentation of grey levels; '
discriminating individual oﬁjeets in the field of view, to wit
pores from grains by detecting‘dark and non-dark'bhases; separating -
said objecte by contour sharpening;.recqnstructing said objects;

determining both rock matrix and pore network; and evaluating said



sai d obj ects by.contour sharpening; reconstructing said objects;

determ ning both rock matrix and pore network; and evaluating said = - 4 -
rock matrix and pore network information data so obtained to arrive at rock
matrix and pore network paraneters, and secondly, after having defined in-
an automatic object defining step objects fromsaid BSE i nformati on dat a,
producing X-ray spectrum 5 ‘data of atdhic elenments in said objects by
~using .inelastic electron scattering X-ray sanpling of said field. of wg&v‘to
carry out a mi.neral ‘identification procedure relatiye d celdriye™™ -
exposi ng said pJerﬁhtere:aahd re. MRSPEX tigf ﬂ’F'tﬁ?i?%s&o t\ét f%%blé%iél%ast i ¢ electron
scattering X-ra e’f(':ttl 353U POre satwbrkapardmeicays f @reher subj ected 10

nta

to determ ning® ratios of the ohj.e BASt esferd &minsag Gitep
el emental rati @&:dmilmg af@ﬂﬁé?aé'dn&ﬂeﬁ”b"rcgté 'S%Zdu% ner al &%

rm ne
m neral conp SI%’%O o§r§,agg1@lusecirsﬁorm¢itmtﬁ%¢a aB %{ﬁ prpesent
invention is r&rifed-to a syt errqur cMd )Abygctgubyaxmgpmeéastmle%?qre& _
process fér anéh§'§|°tfg35‘5“1° S5d-Char act er i 2| s ? rgaqe§agutsanpl es, -
the system COMQL i 5t 19 ng X irangeanpil brg: 95 #7395 ¥5% ? or conp :

storing,. readi ng, displ aIYCII}QcQ&_@npﬁIQﬁeaﬁtd‘lg:eSSimI}?ieetojastaad %Erﬁ}d by expg%ﬁgps

bei ng connect ed‘lf“éralzé “°a scanni.n o cra 2o (IEbyrdror
produci ng a beamiafoieces emshetf &l %‘Eﬂlreoﬁ%%’ﬁ{' FeplodleiBl LRoLa

t
sanpl es, a det ecto J&r det gcgﬁj’g@tbgmdﬁnsna,t &enécﬂ%?e&‘?’%ﬁ@“‘?‘%%ﬁ)%@ﬁ/?%?id

detector - resporf&? el n used_ in th nofa chi Fédy eae@memsit&petlmndl magl ng
“at |east the fitwl detdrmingng GLeLE3 roua%:]r e

1_5§Elos
i nformation datsaalgr glé},{ahahn&dmosarbdm&u@ﬁe*f §égt°o%7"8|“‘g’|““tef§| ng and
~directly converting into gr MQopedd @aldaibaecgm d data being

further subject®& depeTHgiett at 3 anpo ?gre | evel s: GLid qatfélgtemchovadualv
objects in the. fi ehdfmthvrmbeéw d% PREESTY g{rig’léns by deé ecti %zi’igg

dark and non- dar k t% &5 ,casgﬁq{gag‘mg- séipthtebj @@[tgowdcamcﬁﬁﬁ or an
| 15 and characterxzxng pollshed mineral samples, ' or
- the system comprlslng an ‘image proceSSLng system (IPS) for

le .
Complllng storlng, readlng, displaying and proce551ng sample .

data, and

- the IPS belng connected to,

Py . f
20 - a scannlng electron microscope. (SEM) for producing a beam o

said mlneral samples,
accelerated electrons in order to scan b

ts
detector for detectlng back scattered electrons (BSE)A.1
- a
l : lﬂ
detector response belng usedL}n a first proce

g at least one field of v1ew of a sample through which

ss step for

1mag1n

ﬁ | rther - -
25 ' - BSE 1nformat10n data are obtained, é%pshe—LBSqu \‘4

.processes by d1g1t121ng and dlrectly converting into grey

to
level lnformatlon data, said data being further subjected

se mentatlon of grey 1euels, dlscrlmlnatlng lnleIdual Ob|eCtS
g

n the f1e1d of view, to wit pores from grains by detecting
i

30 dark and norni-dark phases;
| reconstructlng sald obJects, determlnlng both rock

separatlng said objects by contour

sharpenlng,

and
trlx and pore network and evaluatlng said rock matrix
ma

at rock
pore ‘network 1nformatlon data so obtained to arrive .

n an
matrix and pore network parameters, and defining i

-data, and-"
35 | automatic object deflnlng step obJects from said da a

¥



shar peni ng; reconstructing said objects; detterm ning both rock matrix and
pore,netviork; and evaluating said rock matrix and pore network infornation.
data so obtained to arrive at rock matrix and pore network paraneters; and
defining in an 35 automati c obj ect defining step objects from said
data, and - 4a - an energy dispersive X-ray anal yzer (EDX) used in a
second process step for producing X-ray spectaum data of atomc elenents in
sai d objects by using inel astl c electron scatter{_ g rayg?anpx Pg of said
fiel d,Qf/ viewto carrénoglgera érrute <l ¢h r?‘fl z i §fi“procedure
relative to said field by e%o%’isr?ﬁri’é’edxo’fﬂyeé?%lyéﬁ’éh‘E3§ ‘Wﬁﬁl’é‘taos?ﬂqylﬁ
resol ution inelastic ereetssonterdbt eprodgedbgs xyraybjsﬁmtraﬁaiuthngf atBmidre | PS
sai d data being furth e el emental ratios of the
obj ects i nvest i gat ed g%aﬁés@lsd% G\sgrlr{gnt g?‘grat 0 ﬁ%é tnelastic engt tH‘é’ conpar ed
with prototype miner aFcf&tardss tXy ravtsampl ing af rraddl fl@d#p@émaortoobasa: dut a

obj ects. Onesadvant ageih&faIs idditi8C&dtish Hrokadtiel Ying 10 t‘bhgaﬂi '}?f; even
when slightly changi ngﬁ asﬁgosmlo S.occur in the sanple to be ana

However, the nost inp 8¢ fdup e&FSt??éhp?%éeE@%St%t‘ﬁ-tgédreﬁ?év‘équi es |n
the conbination of t héndSis tae ck 1EDXr dre 6 Bai t@ 5 xWi;h oblécd Fpasieg, BEE the -

A A U s s ST L i = A
classification is achrFe&ied, °€1rﬁ§19nﬂn@99erlmp@gagetbfar@asaddpebamdmabs:ajtesyI ts
in an overai¢ char aCtSéir%aEbrﬁ%ﬂarQﬁ vﬁtﬁa{‘ﬁlt@tm find 1 MPad 08" Bl BENAREE TOr

its users in the field 2 rol eum engi neering, mning and soi |
engi neering. . minera comp051t10n of said objects.

One_advantage forms the accurate classifying of the minerals

— even when slightly changing compositions occur in the sample "to be .
analysed.
15 However, the-most important feafure.of the process as staﬁed
above lies in the combination of the BSE and EDX_techniques; With
the improved BSE procedure the objects to be analyséd are défined

MCS5/T5530GBR



Furt her aspects, features and advantages of the present invention wll
become clear fromthe follow ng description and the acconpanying draw ngs
in which? Fig. 1 shows a systemw th which the. process in accordance 10
with.the present invention is performed, £ig. 2 shows schematically the
m neral identification procedure of the present invention; Figs.. 3A to 3D

are illustrati %rﬁeé(@é&%té)ffc%é{ @Qlétmscéeanui@e ol pegraly LebRbed i cation

procedure in accordance wt present. i nventign A and. ’
4B present resuHmera¥ CéPa%bﬁlFPE%ﬂ‘! 6?\ %E\é‘%ﬁrr 8Rd TOEeoNat: F‘%ﬂﬂ?gkﬁ‘é%ﬁl?é

the prior art: (g cawl:ésnraaaesdﬁﬂea sverall mapawmzacﬂwemfua)aa:@;a)e Flg 5
shows schematlc

pore: ck
char act erizatid % %é‘?’]‘ﬁr% grge 'c%%'taaang‘érw% u?%}sr Ii%rge'gh%nt i nvent i on: 'ahd
Fig. 62is ill us;ten:atblagn angireerinpumininenphd sofl eﬁf!géﬂ?ﬁfénanal yzed and

‘characterized in acg tﬁt@gcgsp%tsl tﬂﬁtﬂegsﬁﬁ ah@é&ﬁ:@gé@rbf 2Re present | I'n
- the Figs. 2 and 5 the sane reference nunmerals ied f or - cor.respqndi ng -
chotip g

process’ steps. fmvgntions Holk becems cdpanyfram e ‘bﬁ&?é‘é’éiﬁtﬁmé rdance
W th the presenthd au@dﬁpaﬁﬁmgsmeiifr@snﬁdwhi‘&e system consists of three main

parts which are int rco ncted vi:a . sev I e t
shown; for reason o? t B> eRE RS a‘:gevéﬁlg%ea{eegrgg%ee%% é cﬁog%%‘ggl ngl-e

bl ock 10wi t h el auumnhcwrksenﬂ)eamtrrgonshanﬁtﬁvgmaﬁd i magi ng): a scanni ng

el ectron. m croscopegf %‘IEM sHows Qcmwyaﬁysaer am@m)ﬁ {@htapiiagen (EDX) 2
and an i nmage processi ystem (I PS) - The SEM 1 conprises an SEM

col um 10 and uE@ef‘re&hr%iG@eFl@r QF%%F“@I é%‘fer"ﬁﬁmbeam (up to 30 kV) under high

‘vacuum condi ti ons, FOg$.C3A td18psareli Blusttieeingnyesdrialaproeess g stépes wor k.
descri bed her e, ' '

the mineral'identification procedure in"accordance with the R Q;)
15 : present 1nvent1on, ' . ' : _ o

Figs. 4A and 4B present results of c1ass1f1cat10n
procedures, respectlvely Known' from the prior art (A) and in
accordance with the present inventlon (B);

Fig..S shows schematically the pore network'and rock matrix

20 'characterization procedure in.accordance_with the present
' .1nventlon ~and | '
Fig. 6 is illustrating a worked-out example of a sample
analyzed and characterized in accordance with the present
. invention. o _ _ '
25 ' - In the Figs. 2 and 5 the same.reference numerals are used.
for corresponding process steps. - | } .

Fig. 1. shows a system with which the process in accordance g_)
with the present invention is performed. The system consists of
three main parts which are interconnected via several interfaces.

30 ' (not shown; for reason of clarity the interfaces are represented '
by one single block with electronics for beamlng, scanning and’
'1mag1ng) a scanning electron microscope (SEM) 1, an energy
- dispersive X-ray analyser (EDX) 2 and_an image processing system

- (1IPS) 3.



sanpl es.are inpregnated with resin, in particular an epoxy resin, 5
cut and highly polished to obtain a flat surface. They are then coated with
a conductive |ayer of carbon to avoid build-up of electric charge. The
various kinds of electrons and photons geferated at the point of incidence
of the electron beamon the sanple surface are detected separately. As the
el.ectron beam 10 = The SEMsd spmprhgess sApiEY cohwmny 1O 9pdsesest aprpgcelrrasedt hese
detectors can bglsredntseabuihg toP3c kOhakrdet eKilght vAcuuiBehadtiddss &dlskage.
The detector nor Ilz?x_fsed in . the work. desgri b§d be%o%iv | S ﬁcg%gk-scat-t ered
el ectfOn det ect 5P° FATPTY, YPARE ArYes T EEELRY af O &Bf B KafT1BAP Y PPERCt i ons
such as 15 = sampimgnafe dmpregnatepoitlsireein sdanpsmydeylaeraoipory wsdnf ocus
~are represent edoy BaShilhg $d13ende codbiftakn #Mat SRR NInY 3o 4 13-

Al'so beam stabilization Treans are conprised in the represente | umm
(not shown for featednvish @l esndugrivephayers pf garkan tosaviidebubld-yp af anged,
or nore sanpl esetédtrif charge. THE Wristgd¥dnis Jehaledthens amB! ®otbnsan be
repositioned and substituted as re%i ed.. For eagh si'm‘];ﬁlfe at | east _one
frold of view, EeRTaEedakFas gein % Lactdgpeq ofcthe RITRTORAIAY PR thEne

sanpl e nore fi ebasplef sutfiave care Betextadneparitelyexanphe ediegtitonf bednds. 1 n
such a way a no e ) i | ES..QbLal ned - Leh
result$%in a no%%%c%%asﬁg?ﬂrﬁ\ég? zﬁzgpl(’iﬁe%???iag t%‘gén%gng}%g ¢ taefg?:]f%wrlfgati on

of the sanple. Bernsed| to buhld 3ang|cheragteaistiny dnegegaf biv avnefasendisl

sanpl es such asgé@itos HBEmEBly Lbed SnNEHEGot b estibeaBuiRwf t1Gt i ONs are
controll ed by eLect roni cal .circuitry indi caiﬁe;d in a general way in the
' r

drawi ng 30 ack;Featisrse i ELetTan HeEIHCE i cs for beaning, scanning and
i magi ng The energy dnsgler Fige 1Xsewral Biddp catdicioringnfurendbysencieassi sts of
P 5 e, ARG ARt bR el Ll il
beam and t he sargiresanted By deisdoglsy line 127 andg¥- tand K-gtepringpyya jline
neasured to obt @i N AQUE|deaAl 486818 Wheion means are comprised in the
' represented SEM column (not shown for reason of clarity).
On a stage 15 a sample 16 is arranged, or more samples can '

20 be arranged in that the sample(s) can be repositioned and
substituted as required. For each sample at least one field of
view, i.e. a beam spotted areé,'will be scénned; Also for one
sample more fields of view can be scanned, for example eight
fields. In such a way a more representative sampling is obtained,
25 which results in a more.accurate, mineral identification and/or
' characterization of the sample. Generally the samples under
_ investigation are mineral samples such as rock samples.

N It is noted that the above functions are controlled by
electronical circuitr& indicéted in a general way in the drawing

30 by a block 17 with elec;fonics for_beam?ng, s¢agning and imaging.

The energy dispersive X-ray (EDX) detector and analyser
.consists of a detector and analyzer means 20 also connected to
" said block 17, The analyser detecﬁs'the'x—rays generated by the

interaction of the electron beam and the sample with a detector



guantitative information about the cheni cal conposition of said sanpl e.

This is possible since the energy distribution of emtted X-rays is

. characteristic

for each atomic elenment in the sanple. 5 The
| mage processing system (1PS) 3 conprises a central

31, based on a very fast array processor and all ows i mage acquisition,
enhancenent, reconstruction and anal ysis at high speed. |mages to be

processed are oist thn&dray cmerse 1sm¥urﬁﬁ|q0e°?%“xq‘l‘%1t&5¥‘é? aRdeded er.

m neral 10

and the IPS are al]l interfaced. Under, fully autona eratio “of
the I PS the cof@mBle: ApEs der Pesadble riimeei seB?rgtyhéf?ﬁrgggg’c%‘ng eﬁ’gtf%
X-ray analyzer x- ASymt thdradtabizteéc foageadh aadmian elémon $pothessamplescan

node, detector

“the SEM can be contrc?lrl

col l ection and

quantit!i%@ivé Ting8thd¥l oA fHolt @eNeRedicam édﬂ@oE@ionTJS\ﬁ seltd WX

processing unit (CPU)

sel ggll Oang %9 sigé s?r%ﬂéé'(’igsggg( Jn%:rises cefifid suppl_y of

or the -ray data .
prPcesEoE n‘glitTIﬁ@PU)Psl 3 basaprans asvenys §agth asper REPPRFSANd

_displaying unit, 32 u5ed ﬂi/anpﬁ&ﬁfoiéi&P é&%tceﬁéui SgdconBEructduh A

functi ons and operations

aut onat ed syst anakEsife 2t rhigbysrRasdr

in thto

ogy usl ng an

of the principlgs.pl ﬂrBeéﬁe tceﬁatwgum pSreinkal RBlceYonsTBeNcrR m@sbe&
description relative to the different procedure steps wl

referring to tedrthes X-payagatyees. Ag mentioned above, A&agé‘if{e%atﬁlf’gof pfie

primary electr
generated. The

den5| ty at the

obes':\mes Ca&m Rgdd haesed’qalreseﬂeaekms.caﬁt@raedc efoeassimpgsand €

: ecto hese electro n_FEi 1) i un '
the SEM | ust atftﬁ’\} T“H’é’ Wk g SsIﬁﬁie %na %&5%@?% &4 eq’ephgo g’gﬂascgﬁ)?er ed
el ectron det ectsystas, BSan rdfa@anrwtllleqt@@t and @frbeeﬁtsitlse average atom c 35

spot gf Ibérpﬁ(ckmpfistegeal%%nm %p@ggtﬁ\% Ez'id)\d'igﬁlaying unit 32

used by operators_to start and set_the required functions and

20

25

30

35

operations

It will be clear that with an automated system as described

operating time will be reduced substantially

"In Fig 2 the mineral identification procedure in accordancexr

with the present 1nvent10n is shovm schematically

Two main techniques are employed Ain the determinatlon of

1neralogy using an SEM/EDX system namely back-scattered electron

(BSE) 1maging and X- ray analysis. First an. outline of the -
principles of these techniques is given below. Then a detailed

descript1on relative to the different procedure_steps will be

given referring to the Figs 2 and 3A D.:

- As a result of the primary electron beam scanning the

sample back scattered electrons are generated The detector for o

these electrons (14 in Fig. 1) is_moqnted_in the SEM just above .
the sample.jThe.signals provided_by-the back-scattered e1ectron

detector as BSE information data reflect the average atomic

' density at the spot of impact on the sample'and so provide

be clear .that w.th an.
aP'i'aﬁﬁst??n?evﬁ“H“B%eq éﬂﬁc‘ﬁ’&aéﬁ‘ﬁ’stfé?ffu ally.
In Fig. 2 the rgnaesmt 1i, deriflief tikea (X pily @aes cdiseded [foaatimedahce with the
Present inventlofnkee Shgga} SE0GBLEA Iefon TR EBX. nrﬁeeeggMO@gg;am qpgnp! oyed

system nanel y..
back- scat t er ed IPSeate @ﬂ;l(BﬁE)rfmmﬂgl ng%nﬁubl—w atytoaﬁa?@/gpsraﬁw%heaﬁl’%utl i ne



- 8 - information about the average conposition at that spot. As a rule the
resol-ution of BSE i mages for m neral sanples such as rock sanples is

.appr oxi mat el y 1 micron at an.accelerating voltage of 20 kV. BSE imaging in
'SEM studies is mainly used to obtain 5 _ g . information about the
spatial distribution of minerals, grains and pores. Figure 3A shows a BSE

i mage of a sandsimmaama,l deMtGE:Ee Td%@r%ee)éoﬁ@éﬁtidrﬁ aketiitespdt) AH& UL age

at om ¢ nunber t he m]p%ra the eav,j er nera is th

brighter. it 10 febd resolfdsh o tjl_‘ﬁ&?ﬁ ﬁé’b‘é‘erﬁ% e@ss'é‘f‘lbada’F ?‘as t hey

are filked with sanpdes. dtsnspm;ompwglyrbsr:mrofmcrrmmhebgmtmngeronbgel page

anal yser can rec S l,a u n only
mryv %é@&ﬁé&ﬁ Ap Gl {I&d%s Mg S!u?hg d‘?yedd% eo%%hﬂg

t hose argas whose grey | evel I'S procedure
is called segmentPrBati ﬁb"\’}’é?r th%l§PaF¥afleF1§Tﬂr1!’L5ti°n of miﬁP?\%‘lsal graiam have
very simlar avesmp@oddn nunbers (e.g. quartz, dolomte and sodi um

fel dspar) the segrren t|on i‘ﬁ é parti di scriminatiqn. In order to
di stingui sh such m n ‘Trf §<€rs w%r‘?a i Page & Bgméwn%ﬁém&erﬁvrﬁnéll‘?m s
system neasures gy Xevedyignmilgyed®o the averggecatamiy mumbertdethélt ensity and

the energy of t%?érsf\yareﬁgé at:herheal, #?%eéf el BoggnsLAed during

i nel asth scattering of 't r ons rays are
f or med § t wo dl%lmeﬁé!liw tihe fBéﬁe#ﬁaSprd'&@sB‘e@s ¢u9 derk agethereazeitidled the

beam el ectrons Iﬁtthhs FRULENEL tfr | flosty OfesliR® F¥om such an 81tm<a CchUEh£dS gives a
conti nuous backgroynd spectrum (" Brensstrahl un g and the interaction

of a beam el ect roR¥FTh PRGSOV PRY IR &F PE g0 %lerPéic‘?"é:reFch’}gc ,
lines in the spestlyuthosthereasnvhaneopsex Deedlgr alid)ipair aospdci€ispeahgdim i S

o Ll on® RaebRloeb el L AALLOY ERCRIUA S nol 0! LOUBREA

ckgssﬁlcatlon o) characteristic nes allow’i Ica
t N at of® (el enﬂﬁtn§)f31r-‘=h cﬁhé‘aéfkcﬁréfds%#ﬁreﬂ%#sﬁrémm%Gumb% kergber of

X-rays enitted hjuaedeh Rhenmatl ahd sbalal edlasg,atzhethaoaé“@@h&@éﬂoanaﬂowg hat
element. The m Ty iab ¥ SehaRRtIE O STELesl? :lLSGtiIngui).(s._hrg ch
minerals X-ray analysis must be used,
| The X-ray analysis system measures the X-ray energy
20 spectrum, i.e. the intensity and the energy of the X-ray
| radiation. In an SEM, X-rays are generated during inelastic
scattering of the primary (beam) electrons. These X-rays are
" formed by two distinctly different processes: (1) the '
. deceleration of the beam electrons in the Couloﬁb field of the
25 - atomic nucleus gives a continuous background spectrum
(“Bremsstrahlung")-énd (2) the interaction of a beam electron
with inner shell electrons results in characteristic lines in the
spectrum. The continuous (backgfound) part of the spectrum is not
used in the mineral identification procedure. Detection and
30 classification of the characteristic X-ray lines allow
identification of the atoms (elements) in the excited sample
volume. Also, the number of X-rays emitted by each element is
related to the concentration of that element.
The minimum element.concentration'detectable in X-ray

35 - micro-analysis is 0.1% in the best cases and'typically less than



35 mcro-analysis is 0.1%in the best cases and typically less than
- 9 - 1% For nost rock sanples the spatial resolution is approxi mately one
m cron. The automated nmineral identification procedure basically involves.
the recognition of individual objects (i..g..grains, diagenetic mnerals,
clays) in the sanple. Each object is subjected to X-ray analysis. in order
to obtain X-rayiepeet moFedtdck. ehmpllee EHY SpatRaehésdltidie isamProxtelly can

‘be classified in terns of mineralogy. Advantageously: X-ray spectra of nine "

el enents are actffi PE¥F°"rhe conplete procedure 40 consists of a number -of=.
steps 41-50 which. allee desemab@dmurerdbtJ'adehtbéﬂc@mcanorpeedteprmmw [ n-ﬁé;

2. T obtain an{xage, (5.8 I BEM bp (BRI QKESHRRLL As QYeiratayeral
Bt 0% 8 e e

functions of t:he mcrosco Irst a V|e n
area to be beandiagenetis B n%l-’aééarﬂi-laﬁg) §15’0Fhe |s§m!ﬂ¥ EaCh °béﬁ‘b"séﬁ

represented by a,bl_ata.@e& 43. x aeNahd1ysi B br®d 8¢ oHe@Pn @raﬁepae&&prl ate-

det ect or and nification. is selected and scanni of t l e eam on
the sanple is c 8 | HEmeR PEETSE §|‘:‘I\7I?'le saé’ﬂ’iﬁn‘f gﬁr%aESL%WQ ? -

digitizes the |tfummds@nBSEramgpr elvaotagdatsly K- aa;gtspycttrevef rdngcri m nati on

step 43 and 20 o) | tored
- image fips a stan1 a“?‘d“? S?rgra%&%% H!": %@5‘16?3 JT?gpé%urE?{(Oelgsg ltgvﬁ %h -each
poi nt can have rumpgr RE SEers Glt 3P Z’BSCIDr"éSe‘FRSéHi%Sd gﬂe‘iﬁqaé%'é?elPHfMN on
data. Advant ageQipb¥erdt@t I’qu_l’ga|2 sanpl es the grey. values range fromO0, h

corresponding with black (pores Ia uart z o0 255
correspondi ng wi th ThivEThER arﬁeng’F?i‘?gZ ﬁ?Eg Fae ﬁgﬁeﬁa('i%ﬁa‘fmw?rf’# A8¥anced
dat a processi ngsezguaprienttimseotiahai hixcrosowmpe - Fivfsor aufiedd cfivibe avbhai ned.

Inor cased test 1aghllU.8e LPL-EXAIPLE diln! GotBoliy ¥ Hhihs pte! oPC"

| mage wi th 4. by?e grey ‘val ues eac
Once tlhe dat-a h@\Péebee??PS?Wﬁdth & ﬂ‘-’(fgo‘*her?hF? imy at BRE-paging siept #2 ude of- .

i mage processi Nghef Hﬂ?ﬁdp@ﬁﬁté %.e@élcﬁio'r@@m&@nﬂ'ih&fm is selected and _
scanning of the electron beam on the sample is controlled. While*
the SEM is scanning the sample,'the'IPSrdigitizes-the incoming"
BSE.information_data_in a grey.level'discrimination:step 43 and

20 ‘stores it in a videc memory. For example a stored image.has a
standard format of 512 x 512 boints (or pixels) in which each

_ poxnt can have a value from O to. 255 presented as grey level
_information data.;Advantageously for mineral samples the grey
values range'frcm O,.corresponding'with7black (pores),. via grey

25 . - - (quartz) to 255 corresponding with white.(heavy'minerals) It is‘ﬁe.
noted that with advanced data proces31ng equipment ‘more detailed.-'
image 1nformation can be obtained Increased test facilities for

, example up to 10 bit x 10 bit pixels per image with 4 byte grey
values for each Pixel may be enabled :

30 _Once: the data have been: stored in - a video memory by the IPS,
a multitude_of image processing functions is avaiiable to enhance
the image. These-fﬁnctions_can filter'cut ncise,*improve the

 contrast, sharpen-np contours, discriminate, separate and
identify.certain objects in the image as indicated by a block 44

35 - in Fig. 2.

&



“the image. These functions can filter out noise, inprove the contrast,
sharpen up contours, discrimnate, Separate and identify certain objects in
the i'mage as indicated by a block 44 35 in Fig. 2. - 10 In BSE

- images of sandstone sanples the grain edggs _and grain-to-grain contacts
often have a darker appearance than the grain interiors, (Fig. 3A). If this

darker rimwould.be g Qﬁ@@ma@é?@siﬁ&tﬁmlaﬁ%fesg'&ﬁé ralhl@agE8GH4ar ai n
coul d be distinguished 5 _fromevery other_grain by a sinple grey

I evel | segment at iEGATHTEE BB T SOMARET AL LR AVG 4i IRrKeE GPRPF 0GR BRPsther e
somefries not vigriabh eintkpiyyst, heFig. cCRapp| BE echlie ndiirRe ANA NS G0 d1BE Gresent
sophi sticated grai cli rocedure, s ded. Thi ai.n_invol ves
segnenting the Igggg?&rjrg:ég ‘%(‘)’8 ngee ggajb?’ngtr“;/n ie%ﬁelge&%f%nvﬁ%ugﬂq%ord B Lo 13{19,%

i nstancé the grfirAn everywitihes gnadntite apsinpleparey levedl aegmentationi s i nage

there will still,rbgsRira. Hdeper Ofthl a9k - tHRELa M dbiSacMhi Sh Doy ROl Lgen
"separated"” but which are joined at constrictions as illustrated in Fig

3B. These const Mi&Pin&lons thetin FemPiete ntengsh| Bids St PATR SGPRIATiGR %! i ons,
resulting in 15grain detedssippapicedird ndindedadl Thisegfain fHvolvess il | ustrated
in Fig. 3C. Once_th LEeGlSpkd ..€. arated. L.ps)__i he, | have been
recogni sed and isagﬁ?eﬁt?%d&et ﬁ'éé égg;gjﬁ%a%g% gf%%kpt meaggo%nn?glé]vﬁiggﬁ bel ong
to an @0j ect ar dnkbowe. tith@rahs ahevhiskandctha pore gPachidsebbadk: ofn beam i n

the mcroscope afdsthRgbeditrt 922004 lhain groups BCkwd R A6RA gehigAach
object in turn. During this grocedur.e, X—raés are generated. A problem may

9 2 d : [ _
occur when two &Bje@veinofi Peedt ereParpERLHPLF WdAP ALt dotredr &t i n cont act.
For instance, Xcohaytrieubérss genirlasechtkdoin &g ol3BecTheskhesnsthidribhe dree

under invest I gatrieggverga‘és eg gg{ieo%tselgo pﬁg}é’%%!f“ot e&hi:ison l,_lretsn t]‘.)nbé ?’gt $ 25
re mat hematically ero ecﬂ . €. p_|xeﬁs rrom t he object "boundari“esS are -
deT'et edls thus rddapiragedhdndéividual saliincts cdhis dim bhlusiirated X rBig. c¥unts are

detected as illustrajed iHe BbfectdDii JUCheparREQE GUN ) DHli kRt BfhgeMmdded. 2 1N
bl ock 45 wi || r%sult' in the . :
‘been recognised and identified, the coordinates of all the points

which belong to an object are known. The IPS then takes control
of the electron beam in the microscope and the beam is scanned
20 | over.the area of each object in turn. Durihg this procedure,
X-rays are generated. A problem may occur when two objects of
different elemental composition are in contact. For instance,
X-ray céunts generated from an object other than the one under
invgstigation'may be detected. To prevent this all the objects
25 are mathematically eroded; i.e. pixels from the object boundaries
“ 'arg'deleted, thus reduéing the actual scan area from which the
_ X-réy counts are detected as illustrated in Fig. 3D. Such a
procedure indicated in Fig. 2 in block 45 will result in the
removal.of small objects from the.image. Therefore only those
30 . ' objeéts which will not disappear in this procedure will be
| scanned. In the present procedure advantageously an X-ray
spectrum of each object is obtained in an objeét.scanning step 46
by using 9 predefined energy windows, each window répresenting an

element. The X-ray counts are normalised and sent to the IPS as a



removal of small objects fromthe image. Therefore only those 30

obj ects which will not disappear in this procedure will be scanned. In the
present procedure advantageously an X-ray spectrum of each object is
obtai.ned in an object scanning step 46 bry}éu& ng 9 predefined energy

w ndows, each w ndow representing an ele The X—ray counts are

normal i sed and sent to_t | PS as - veget t the I PS- the
contri bution of Vfﬁté’rbﬁgl;l%ﬂhed‘ﬁ £s ﬁ'er%‘\e/e p?l:;%r ]‘t%hgg%pr?gr a e
cl assi fi cati on. b&Xgrotind 1x- ren;ovcldtnatﬂoav@ bbemmr#baleasmasm tot H’e&.

I mage anal yser cl a%ﬁ*:; '&;@tk Iia@éfﬂhgvglyegﬁtcd:l'legf@i Qn@%n@eté the '
attenpted in a clas lcatlon gﬁjcee his . i-s.done by conparing the vector

of X-ray countsl@tﬁ%ﬁﬂé@sﬁrorﬁléﬁs §°%°f€he4Fé‘cPB}e§tpP’é\ﬁr66§I“§?“ob‘f ai ned
for known m neralgmked mrptaovsmasﬁcalmxs d&epae;dums:an MeCBflSdod@ﬁﬂﬂ\gaS an

- "absol ufe method" as a result of using. vaI ues :
“classification. the VeREoY, OF; Hyrappcounts-ob a?SF#t%@ U no m nlérf e TYSsi m lar

enough to one obprévisuplytodtyredyEct danewi g nemadisoen teratetitpesthn Thés.
classified. A procedite 4 B sj.tie%eht&leaar"ﬂso%te S eIV 1) rEbGhe 4A

using the conceﬁ %t ons of y (roughly equi vaI ent to the X-ray
count's at appropfn&tiGSe#’F@IOéPE%)"ai‘ee%li&s%’richg‘?ﬁ?é jeation. Ifsthe vepgor

m ner al &y, In satgonpltaasmneaa hﬁlﬂe@ilofiedslfnﬂlar\/eﬁﬁhgu tof otk elfedant s (Na, My,

Al, Si, Zr (conbi ned cQ d ke sed to enable.
di scrimnation B’é?'?f%éfﬁl ve F%’éﬁ &F‘e ‘l‘ﬁ%‘g&“ (5'\[1%?7%: ﬁle)rcg s ) assg'ggprreent s P/ zr -and
Ti/Ba are conbi ned bepmmuoé gsekhowow Erém shi rpniee et &9 shewot frufis THids 20

procedure works §i&?%%ﬁ§fégnk¥néﬁcim36f”%{‘%hé|1@1 BHiy RBREIRIIE e fraB5O W0t er ed
when cIaSS|fy|ng mherals a t he _composi tion varles slightly. For: -

exanpl e, dol oni the Fa¥aF FAURES 4R ABPTORFLRTR EneFeiesite PLagdyES™Ey count s
fromsuch a graishl fdReCRIAREES. Wit &hﬂdhesﬁsati&upﬂr;&ocddﬁnu”rhtveactbheoﬁ/ect ors-

e 2t o0 AR Bt A 61 PRE GRS e SHET BB 0 O 1Y
“woul d be an ext Keomtiiyed) f fFeduis comporsd tqrpggglemdés@mnam betwepnobl em
Wi th greater number: of minerals. The elements P/Zr and Ti/Ba are
*  combined because of peak overlap in the X- -ray spectrum ‘This
20 procedure’ works successfully for many minerals but problems are N
encountered when c1assify1ng m1nerals of which the comp051tlon
~ varies: sllghtly For example, dolomite carn ‘contain ‘minor amounts'_
of iron. If the X- rdy counts from such a grain are compared with .
those of a "pure“ ‘dolomite, “the vectors may differ too much to
25 allow proper mineral clas51fication To try to define a prototype
compOSLtion for every slightly different m1nera1 would be an
extremely difficult if not imp0331b1e task. Another problem with
this.absolute'method'is_thejamountfof_analysis_time'required to
ireduce statisticalrfluctuatfons in the data'whlch-can result in
30 misclassifications of some minerals. - o '
Given the above problems in accordance with the present
invention the elémental ratios of the unknown graln are compared N
with those 6f known prototype minerals. Fig. 4B shows this
. procedure,to be considered as a "ratio method", for the same

35. silicate minerals as in Fig. 4A. In this way statistical



this absolute method is the amount of analysis tine requi red to reduce
statistical fluctuations in the data which can result in 30

m scl assifications of some minerals. Gven the above problens in accor dance
with the present invention the el emental rJrgtlos of the unknown grain are
corrpared wi th those of known prototype mnerals. Fig. 4B shows this

procedureto be Cg@Sﬁ%&&g%fa%iéw ogragi 108 candbé c%?{;g%t gm? in one pPyocedyre

silicate mnerals as in Ar's Wway
fields of view o?’l%*!é’h‘ﬁl %ereaﬁr tiefera#qtulem @ug |qvemgmtoocedur e W thout - S
operator i nteract i onsbeidss ENETARGILE. oBGhIRD LiEANRISYE Of JLpYAl T

abundancies it |s also of interest”  to deternm ne various grain teéex ural
parameters (e.g. JB-erest to dEFez@mgﬁ’é?ﬁé“%tEEa)“ SEXtHrelspanametersTie ss.can be
done for5the conplzt,eshigle,i tad. )assamisl sgples. ARLY d«0r b& @lohai forTeRET al S
(e.g. quartz). V, S d_ sha araneters are_avail abl e to t he user
(e.g. area, naxi ?r‘ﬁdrﬁqg& n%eﬁ:?%%‘i% & ame?ege °%| P73t ?ﬁr SRAPETY Bingelei (8 ratio
of m nor:major efvanssd. Hartyys shge iandj shape parameterspessiavheldbiedes ithe .
others if requirgs foraridess I I |e :
r BeTPrar x S Xls%ﬁnfﬁﬂl Q?t\a,.&%% eql??ltitchghaé’cfge of the

necessary to renpve those grains fromthe ina touc
field of view, bgac‘éﬁEe (}-Bei Ya"d'éo?l%t"ﬁif‘%‘é-lma{b&‘? irges agemnoenddtateurat el y

det er mi Hed. Anot:lmsrsiblé)@:edﬂléﬁn\éhd:ﬂhreaif eagiinéabepegerd AhEks a%faiféesléan
m ner al |dent|f|§a|9,p |ds termnatlon of the pore wall meral ogy.
SpEftar gt &

The determination of grain ‘fext ur&ecﬁ%tsagﬁef FEMAYF CRREe gERERS\EFP™ HPfer al ogy
add very little idage wltictlhtaoqcbt tlie @dgé yofi the Ifled @f ﬁdvhebepﬁluee ndewr k and

rock char act ef | i@ A1 paraneteddf QEEHN! Ee Ia!acaﬁt%&gi%mgrmtg the present

i nvention, indicat ed%tﬁy , 1's shown schenmati ca é pr "5¢edure al so
uses a BSE image of thAprvgRatue uhtrhpern sielly Sekperfaphed afodd ect ed and U
transfers ed as seindr@&SHdentifigaticanisdahe d¢timninaiSEME end BRrERl11! N order

to obtain SUffl(ﬂfigraf%g§tlfﬁ' ﬁgéermggé%f%%yo% ragh textural parameters and

the pore wall mineralogy add very little time to the total

Jy

S

:-"\l

analysis.
In Flg 5 the .pore network and rock characterlzatlon
20 procedure rn accordance with the present invention, 1nd1cated by
' 60, is shown schematically. Said procedure'aleo uses a BSE image
of an impregnated and polished rock senple, collected and
“transferred as said BSE information data from the SEM to the CPU.
In order to obtain sufficient statistieal accuracy in the
25 analysis, a number of fields'of view is collected for each sample -
at an appropriate magnification. Particularly, the magnification
chosen should be low enough to avoid statistical scatter, but N2
high enough to resolve small pores and small mineral particles. |
As discussed above with respect to the mineral identification B
30 ‘ procedure, particularly with respect to the steps 41, 42, 43, a
BSE image gives a certain amount of mineraldgical informetion
with heavier (high atomic density) minerals appearing brlghter
 The pores are filled with a low density epoxy resin and appear by
‘contrast very dark. The BSE image is 1mproved using grey level

35 processing techniques such as local noise filtering.



25 anal-ysi s, a nunber of fields of viewis collected for each

sanpl e at an.appropriate magnification. Particularly, the magnification

~ chosen should be | ow enough to avoid statistical scatter, but high enough
“to resolve small pores and snmall mneraliparticles. As d| scussed above w th.
respect to the mineral identification 30 " procedure, particularly
with respect t Fluheuatiieps have Uids #¥fluan@Skni thkgelgssifscationr pricedareunt of

m ner al ogi cal |1Qfsg{g@{§ o0 Mbhe Q%@%{faﬁf X ﬂ&*{ﬁ@éa‘%l% gﬁ. ShdaAks [l NG!S

appearﬁ ng brighter pores are ensity epoxy resin and
appear=~by cont P&St SﬁwlﬁmlﬁthBbElrﬁeﬁjéW%S i Apris@dsupongibjeeye | evel 35

processing techiawas FoHCd1ight [vaedhe itk St ohfd¥ikBoh withoutléne fluctuations
have Iesss i nf1uence a55|f|]rcat|o rocedure. resultlng in.a nore '

on't A _
accurat®e classi"FrEEti®n® P'ﬁ?glﬁlrﬂﬁl §sTaFEE| MEFPRE PRSP R £5PPRG Rl y 1-2
seconds. It is fahrsoaqhomismdadae tTheaceulns 6f)|clsisjiglyl_ng/a:heagﬁaiﬂs deltected _
conposition wt t eggl ' Lo L nber of -
prot ot ype corrpo"‘Js}l8 |%hr?s ?é ima eér?fm ré ﬁé#‘ngg &g&%%‘é f‘ah{ gsg? ylgng t he
" grai ns det ect ed®iFF@ras, héheBSEfferﬁﬁgé esflopry represeatiing: the didferandd in

col oured pict urmeaeratlhewlgg‘efsee&rstidsf&@ussumeaeeerﬂaImst hn dif freferdy m neral .

cl asseg consi dered-as i‘ndj cated in Figs. E ther 1
“procesy ng of %Bﬁesﬁingn‘hggé"‘?‘% P tREL e B‘@FB?”E@“q ref aeantigicasionioferal
percent ages camiherait perginedgeBeenlse actenpltedi nitial erosion of the grains,

appl i ed o prevent Sldgelreple ihi-ificathlieh!oP Al RI0GPIYLS: g, O 07 nal

obj ect boundaries are or e nmeasuri
per cent ages i nPprheentradee effectsbiecths Plai\ﬁ@tt gragepressdured thﬁ @iginal

reconstruction .3%&f: $8ubduribsidreOidd, n@éfo“rQﬁﬁEasI@ﬁx QAL M1AkLHN Pr ocedure_
ﬁgf:s a technique simlar to that used for the ob separation. For a

gehtous salPﬁF%e“%%l%d'tneﬁ]%tm%e't ﬁﬁeﬁbéﬁcb’epégﬁtt&gaeo"fes&mfﬂdné‘i‘aﬁ on 2-D
~ sections is a geoshszhitiinestdp kBSta2@heir originall ufEmpeTioe ik agA-akiod he bul R

rock. The of ealgr.ddige! 01l o SEEhhOfAL R 150"E) UEkELaehBorlBRE Syl

estimate. NEas renent o
separation. For a homogeneous sample measurement of the area

percentage of a mineral on 2-D sections is a good estimate of its

20 volume percentage in the bulk rock The greater the total section
area considered, the better the estimate Measurement of the area
percentages of the pores and various minerals in an evaluation
step 49 is a simple and fast procedure using 1mage analy51s.
Finally the mineralogy of said.sample can be obtained in a

25 mineralogy'step 50, said mineralogy being greatly improved over
.the prior art by using the above "ratio method"

The above procedures are all linked and can be applied for
the analysis of one field of view. However,_in ordexr to allow
analysis of more fields of view, movement of the sample is

30 necessary This is carried out bj a motor driven scanning stage
- (as shown in Fig 1) mounted on the SEM which can be remotely
controlled from the IPS Before starting the procedure the

coordinates of the required analySLS positions are stored in the

memory of the IPS. This means that automatic analysis of a number



‘percentages of the pores and various minerals in an evaluation step 49 is a
sinmpl e and fast procedure using inmge analysis. Finally the m neral ogy of
.said sanple can be obtained in a 25 . - m neral ogy step 50, said

“mi neral ogy being greatly inproved over thel“pr’l or art by usi ng the above

"rati o method". The ¢ que roced ed a nb lied for
the analysis of one fialB&° efs ite %@v’é’?l mlaﬁe‘g t?‘S ’ﬁﬁeﬁfé‘r’i’g‘g%ﬁ"é‘sof
nmore fields of vilewtherdnagee by dﬁtet:hmganw e:hasda&& phases Mezbesstdeyl This is

carried out by am@ﬁﬂlog§'%%ﬂn§&égnfélg:e§%ﬁ%ﬁ 7S § cwof' %prsl)s mount ed

on t ¥ 3EM whi ch can be fenotely control fromt e starting

the procedure t h&3ctbyi ﬁ%ﬁ‘@ét%ﬁn Pheinddyiguad dreses| Ykﬁ@ B‘BﬁlPPFbmchai @rst or ed
in the mmory of dohenddPB Bhing dURaEELchGhs AW ARBLLD RS ﬂé‘dw%r@f(par@émber

- 14 - The pores ar§H1the dig crlrgn%_é gmgromthe ﬁncgedrgﬁ ggonents in the

i mage by detecti F§UGH™S P °38%% °fh SRR Lde ABTHIBE AIFLYREhAP ques

represented by athetmenoueurmsl wspﬁitieSaniaoaIHeomdsmeﬂ}t idetemfined)di %i dual

pores where the B%ﬁléﬁf fGeedife Tepresencea 451 LA (&Fé‘ﬁ%éo‘ék“& QN rg§Liggns in
wor |i| 0

the 2-D pore net res touch ges e I m aré extl uded
fromthe anal ysi $sasPnrifed r“g%‘?ﬁ.ﬂFFl rﬁ?%ﬂ'éFﬁ’%?@&r?ﬁét”Je“&%ﬁ?uWh@@lW

determ ngd) . A SicHb|@HaiRé QRIS RrifiHRE8NRE e BoSUPEReREinyt SRS, 64, 65,
66 i s applied toflgét‘{ the r ck mat ri x (Lromthe BSE |macge wherein 10
r ar’h‘c‘

the grains are d reftasgs ¢ 8ﬁFt?f€ap6? BOES g6k changHy BAFYI NGO AKe
phases. Pore areaeasiteporas werk asetigt ltwali dimendishadvoad tnareas tueber as wel |

20 ehne Lo, 0 Tengl o alons Ok R e Yo hacs DIE (BURLA0EL UODET 1910 PO @

necks per i ndivi por e e roc rarn
(grain size), gr&he rpgk matrix 1“@690t8¢ﬁé8§i&mlt%3|§é@tmr ataed (gftadnn shape)

af e, measyred. | nghbetnsehsmRdasspabe Watid %rﬂmfkhtabg) e MaxuglPr oach .of the
characterization proced%hes Is indicated ear| pore network and rock

matrix information ddfattf §°BHIAPRVREAT flEt L?r the \ﬁl"’f’lwa(?eab?’i?&ﬁhe‘if Wher ei n

rock matrix datachimhcpétEZatlon procedure is indicated clearly. When pore
network and rock matrix information data are obtained then .
pictures will be.produced wherein rock matrix data and pore

20 network datalhave to be imaged separately. Then a "def."
image-step 67 is executed to define these images respectively.

The last two steps in this procedure comprise evaluating the
image data in an evaluation step 68 and meésufing pore network
and rock matrix parameters in a step 69 as indicated in Fig. 5.

25 ' As an example the results of ideﬁtification and
characterization of the sgmple as mentioned above, i.e. as
results accumulated over eight fields of view, are shown in Fig.

-/ 6, exemplifying the great adﬁantagé of combining the abové BSE
. imaging and X-ray sampling procedures.

30 It will be clear for those skilled in the art that the
example worked out above, and the used procedures can be extended
respectively to other parameter measurements and further
procedures which are not used at this moment such as neutron

scattering methods and 3D-analyzing.



20. network data have to be inaged separately. Then a "def.

i mage-step 67 is executed to define these images respectively. The last two
~steps in this procedure conprise evaluating the image data in an “eval uation
step 68 and neasuring pore network and cogk-matrix paraneters in a step 69
as indicated in Fig. 5 25 As an exanple the results of
identification and dtatsoteedlesst itonsayf thire tharpﬁeeea&dr@aéctdslaedmﬁlegyeam i

as results accu £ e f Vi own in

exenpl i fying th%%a&?ﬁgﬁt%’g}%&% }‘%‘loﬁé gi)n(ﬁ/ "BSE PR géﬁg and s
‘X-ray sanpling pFotauiventien. oIt ow II be. clear for those ¥
‘skilled in the art that the exanpl e worked out above, and the used '
procedures can be. extended respectively to other -parameter measurenents:and
 further procedures which.are not used at this noment such as neutron :

scattering methods and 3D anal yzi ng. - 15 - It is-needless to 'say t hat
-the presented process and system can be nodified:and- changed wi t hout _
exceedi ng the scope of the present invention: T 5530 BBRCLAI MS 1 -

A conputer controlled process for analyzing and characterizing pol i shed

m neral sanples, conprising the steps of automated conpiling, storing,
reading, displaying and processing sanpl.e data, firstly by using
back-scattered el ectron (BSE) inmaging of -at least 5 - one field of Vi-ew
of a sanple through which BSE information data are obtained, further
~processed by digitizing and directly converting into grey Ievel i nformation
data, said data being further subjected to segnentation of grey levels;
dlscrlnlnatlng |nd|V|duaI objects in the fleldof V|em1 to wit pores from
gralns : : :



~. 10 by.det ecting dark and non-dark phases; - separ at i&MM
contoyr sharpening; reconstructing said objects; determ ning both roc
matri x and pore network; and evaluating sajd rock nat r,mun ﬂ rk
informati on data so obtained to arrive at Wack matrix m 'mallmmr
paraneters, and .15 secondly, after having defined i'n &n Autbmeti e :
obj ect defining step objects fromsaid BSE i nformati on data, producing

X-ray ctrumdata of atomic elenments in said objects by usin |§3%

el ectxu%scatterl ng X-ray saspling of said field of viewto car-r-y—oug’i;
nmi ner’al” i denti fi cation procedure relative to said field by exposing 20
sai d objects each as a whole to high resglutd gnyigiel astic el ectron
scattering X-ray object scanning, said data being further subjected to

determ ning el enental ratios of the-objects investigated and said el enental
rati os being conpareda \Aﬁomiauqzarrotaxtt;tpmlé& @eéédssr b1 @nalyzitgt a{d’r'bﬂa:al&aﬂzahg

conposition of sai bj ec €S8, . a3 ¢ claim1l
wherein said rocIFOQIOtFédimé?lecfa% samplef\/\b"f?“%ﬁﬁ ‘fergte aurge'ﬁ%trg ar ea,

pore neck .l ength coapslmgbuﬂocmn@,f rsadidxaoodesvdanmgandd pumeesaé@k $aapde Matand
coordination numﬁ'i:stfy b Jﬂ?xﬁpﬁ&(ﬁe§§a&§r§& 3h @BLrdn" (féEa)' 'ﬂ?nggl”%%é R least

conprising the 30 - cul afion of grain diameter, grain smbothness and
aspect rati from%afiflﬁa?%ﬁ‘éfﬁr%f a samp}ethrough whigh BSE\fnformationsdata A
process -as her ei rdvef analded;crfubecérv\pf&teseécerbgnaﬁgﬂtmziﬁgeadaaw::egﬂyof t he

figures 1, 2,7 3, 4B yS [ C uf .2 .ca ut er
controll ed proces°§ n&fl fgeyarl]eveslhér oT ergll% % %’ol | %% JcTt n‘g

sanpl es, the. systf@m:&r SUMedsqongemmtamgm pf@:@yslmlsyshenrmmstmfg)r
-conpi l'ing, storingy;scading, aedtss%awaef@ oewfeeﬁswg,i%ame@ rm% I PS

being connected to a scanni el ectron m croscope (S produ ng a
“beam of acc](ﬂ er atbé’dd%qeééi-%)ﬁér‘i‘ rFrgr Bt degk ﬁaﬁe%’alsapﬁmwsasamaests by

contour sharpening; reconstructing said objects; determining both
‘rock matrix and pore network; and evaluating said rock matrix and
pore network information data so obtaihed.:o arrive at rock matrix
~and pore network parameters, aﬁd
15 secondly, after hav1ng defined in an automatic obJect defining step
obJects from said BSE 1nformation data, producing X-ray spectrum
data of atomic elements in said objects by using inelastic electron
scattering X-ray sampling of said field of_view.to carry out a
mineral identification procedure relative to said field by exposing
20 said objects each as a whole to high resolution inelastic electron
scattering X-ray object scanning, said data being further subjected
o/ ' | _ to determining elemental-ratios of the objects investigated and
 said elemental ratios being compared with prototype mineral ratibs
" to determine mineral composition of said objects.

- 25 2. The process -as claimed in claim 1 wherein said rock matrix and
pore network parametefs comprise pore area, pére neck length,
~distribution of said pore area and pore neck length, and
coordination number. _

3. The proceés as claimed in claim 2, further comprising the
30 calculation-of grain diameter, grain smoothness and aspect ratio

from said parameters.



' [ .
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10 a-detector for detecting back-scatt'ered el ectrons (BSE) in the SEM s
Its detector response being used in the S i m—a first process step for |
i magi ng at | east one field of view of a s rrple

informati on data.are obtained and further pro mnm‘mmjum' ng and

directly converting into grey level information=data,L saidsdata 15 bei ng
~further subjected to segnentation of grey levels, discrimnation of.
~individual objects in the field of view, to wit _pores fromgrains by _-_
detecting dark aftd ndn PEAFIESpRE hereinhatare deghr teds ¥ith 66F%‘%’§eb’§f’ BT
shar peni ng, recoasawfg}(slaﬂ thk ﬁfg\ﬁeetm eqt,s3 d8{ &5 mnaaé i on of both rock ~¥
matri x and pore networ ion of said roc trix an ore
net wor k i nf or nat BOn d%ltsgs%eg' SB’E eﬁaﬁ&u}%"ar 4 GRMEHEEF R R R }?r%pﬁ%c sﬁo?"ep
net wor k par anet emrsalyziegl| £26 dbdrazntaglzmgapplaaheqlrmrlerdbjsemmleéef the sysesmep

obj ects from sai ' n E
connect ed t(r)§| thegoﬂgi%m%% sec gggérfegggéges%wg &Pg?yf& %%’?giﬁéc'l Eg')’mﬁ
spectrum data of rasdiriec ¢isplening ppd sﬁ%eiﬁij“ﬁc‘é%ml’f}? %%qangt%é%s‘ﬁieg

el ectron scatt er i.pgneéreayees awpéamngfeleat@bd et £bsRbpy | @i} Ofofrapfdﬁueﬂﬁg a
m.neral identification p%%iﬁdure r

atlvet05|dfeldb g said
obj ects each as Re#hAfe? F@FFdrS SFICPR AT REPHS (P CS@%&?}%& 'ifg‘t ering
é(—ray obj ect |3O safgl@sni ng, in the IPS sai d data being furtherﬂwtﬂ&at ed to
' etermnin enen | | ehent al
“ratios bei ?\lg corrpa%‘gtde 81% f%%r g%tc?tcte‘fngmagﬁr%%ﬁ@sglteﬁgg?% 3?2& r???\lé%:%
m neral conposi t ﬂeheqﬁorsms(roob? é’@tlgs L@edleas%lEsé?rrPa%quér é?%é?brl@agmg at
described with refgsenae #1214 I0ew ofdaayun{ws_ @frouf® JHIGH'BE lnfodmaPLbrd.

NCSS/TSSBOGBR and
data ‘are ‘obtained, éa—ehe—;?@qurther processed by dig1t121ng and . W,

. directly converting into grey level information data said data .-
15 being further subJected to segmentation of grey levels,
| ' dlscrlmlnatlon of 1nd1vidua1 objects in the field of view, to wit
pores from grains by detect1ng dark and non-dark phases, separation
of said obJects by contour ‘sharpening, recomstruction of said |
-obJects determ1nat1on of both rock matrix and pore network "and -
' 20'1' " evaluation of said rock matrlx and pore network 1nformat10n data so
' obtained to"arrivelat rock matrix and pore network parameters, the
IPS deflnlng in an automatic obJect defining step obJects from said .
‘data; and - ' o R cpuacctid.fb me 195 auk be:uﬂ '
_an energy ‘dispersive X-ray analyzer (EDX)A used in a second process
25 step for produc1ng X-ray spectrum’ ‘data of atomic elements in said
obJects by using inelastic electron scattering X-ray sampling of - !
said field of view to carry out a mineral identification procedure'
relative to sa1d fleld by expos1ng said objects each as a. whole to
hlgh résolution inelastic electron scattering X-ray obJect
. 30 .-scann1ng, in the IPS" sa1d data belng further subjected: to .
'determlnlng elemental rat1os of the objects 1nvest1gated and said"
' elemental ratios belng compared with prototype mlneral ratios to -
determine ‘the mineral comp051tlon of said obJects
6. A system as hereinbefore described with reference to the

35 drawings of_tﬁe figures 1, 2 and 5.
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