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ABSTRACT 
T h e  Surtsey Ilyaloclastite Jvas exa~nir~ed to see 

i f  geotechnical parameters depend or1 lithology. 
Measurements oi rock qnality designatioii (RQD) 
arid rate of. drilling are colnpared to degree of 
alteration, lithology and porosity. T h e  RQD cor- 
relates well to alteration. I t  is slio~vn hoxv this 
1 esult can t ontribute to the inter pretation of the 
alteratioli process in Surtsey. Altl~ough drilling 
rate depends on rrlany lactors the main ieatures 
niay be explained by lithological and porosity clif- 
ferences. Restllts o f  density ancl porosity rneasure- 
rnerlts on 22 core samples and 2 sarrlples of inco- 
herent tephra are presented together ~vitlr cluan- 
tiative determinations ol tlre a~ltl~igenic calcite 
cori tent. 

INTRODUC'TION 
In the course of research project in engineering 

geology illcluding petrog~apliical in f l~~ence  on 
rock strength ancl otller geoteclsnital parameters, 
the author was able to obtain rock cores lrorn a 
drilling investigation in Surtsey. Since the main 
palt of this work is restricted to Icelandic vol- 
canio  in subaquatic facies, the availability 01 
coles of similiar rocks from the Sur trey drill hole 
is useel to extend tlle iilvestigation ovei a wider 
range of petrological types. 

One of tlre most obviol~s but rather surprising 
features of the Surtsey core is the niechanit a1 con- 
sistency of xvhat Tva, originally loose hyalo( lastic 
material. This is believed to be a result ol a still 
active alteiation process known as palagonitiza- 
tion (Jakobsson 1972, 1978). Tlle rocks are rnorio- 
genetic ancl kno~vn to have originated lrom tlre 
tepllra eruption in Snrtsey cluring November 
1963 through March 1964. 'The vai iable degree 
of alteration togetl~ei- ~vitl1 variations in prinlary 

lithology must intl~~erice geotecliiiical parameters 
ancl it seemed ~vortll~vhile to study this relation- 
\hip as it seemed likely that it has some practical 
value. 

As a first attempt to exainine this problem for 
the core as a ~vliole, rock quality designation 
(abbr. RQD) and drilling rate are appropriate. 
T h e  po~osity was also eval~latecl during p r e p -  
ratiori lor rock mechairics experiments. T h e  res- 
tilts slrould be regarded as an extension to the 
drill log described in this volume (Jakobsson 2.c 
Moore 1982) arid are published here as they inay 
be of' interest to other scientists working on the 
palagonitizatioll process. 

METHODS 
T h e  RQD was introduced by Deere for the 

purpose of increasing irif!ormatiori on in situ 
rock properties born boreholes (Deere lCl(58, 
Deere et al. lO(i9). I t  is defined as a percentage of' 
core bits longer than 10 celltimeters in the total 
well lerigth in some specific part o f  a borellole. 
I n  other words this call be calculated from the 
core recovery by deleting all cores shorter than 
10 centimeters. C;learly this parameter can only 
be a limited measure of rock quality, but it does 
give some idea of joint freq~lency and rock hard- 
ness. T o  reach a more realistic idea oli the pro- 
perties o f  rock mass more advanced methods in- 
clucli~ig other important features have been deve- 
loped (e.g. Bauton et al. 1974). Since these met- 
hods are often based on RQD it is often preferred 
over other measures of: joint l'requency and bas 
become a routine technique in geotechnical core 
logging. T h e  measurement of RQD for this paper 
is accorcling to the above definition. 

Drilling rate is clefinecl as a rate of advance of 
the core bit clilring clrilling (Moore 1963). I t  is 



usually expressed as the time required to drill a 
certain standard length of a hole, or as prefered 
here as the real velocity of the drill hole advance. 
Several fkctors of different origin may affect dril- 
ling rate. Some of these relate to properties of 
the rocks encountered, others depend on mecha- 
nical factors of the drilling process and human 
ability ancl e~~cleavor (Wirth GmbH 1979). Only 
in controlled and reproduceable conditions can it 
therefore be a rileasure o f  absolute hardness or 
abrasivity. 

Observation of drilling rate is especially useli.~l 
in rotary drilling as it is the first encounterecl 
data which is available even while boring bef'ore 
the hole is completed. Another advantage o l  this 
technique is that the log call be recorded over the 
entire length of the well as other methods of clata 
logging e.g. s a n e  geophysical proceclures may be 
incomplete or nnf'easible. 

I n  Surtsey the clrilling rate was measured with 
a stop clock and all breaks caused by technical 
problen~s were rioted and eliminated from the 
effective drilling time (National Energy Autho- 
rity, drilling report, geological observations, 
Surtsey I, 1979). 

I.,ithology and deg-ree 01' alteration were used a 
basis of comparisoli (Jakobssori and Moore 1982). 
They used tlle thickiiess of the palagonite rim 
in large grains oE sideromelali and the alteration 
rim on olivine phenocrysts as determined under 
the microscope as a value of alteration. Accorclirig 
to this definition the alteration grade does not 
necessarily need to be identical wit11 the state of 
rock hardness. 

Porosity ancl alteration are often interconnec- 
tecl aiicl in fact porosity may govern the process of 
alteration (Furnes 1974, Jakobsson 1978). Poro- 
sity o f  rocks was measured according to DIN 
52 102 (Deutsche Normen, 1965). This is based on 
measure of volume from core dimensions (length 
= 2 x diameter), dry core weight ancl specific 
derisity of pulverisecl mck determined in a pyk- 
nometer. T b e  densities of incoherent materials 
sampled for soil mechanics testing were measured 
in s i t ~ l  by sand cone method (ASTM standards 
1976). 

I t  should be emphasized that all porosities 
mentioned here are total porosities, containing 
both intergranular porosities and vesicles within 
individual grains. As yet no attempt has been 
made to evaluate the proportioris of initial poro- 
sity attributable to overburden load consolida- 
tion and authigenic minerals precipitating during 
palagonitization. 

RESULTS AND DISCUSSION 
In Fig. 1 RQD and chilling rate are compared 

tvith lithology and degree of alteration. T h e  RQD 
was measured at 3 meter intervals. T h e  drilling 
rate was also calciilated over the same well 
lengths, although in some shifts where drilling 
was intel-rupted by technical problems shorter 
lengths were employed. Drilling sectiol~s where 
measurements were inobtainable are indicated by 
gaps in the drilling rate curve. I11 the analysis of 
the data it was found that (i meter intervals could 
11e used for the graphical representatioii without 
loosing the tilain information. 

Figure I sl~ows that RQD correlates with al- 
teration grade, as RQD is usually high ~vhere pa- 
lagonite rims are thick. This correlation is lurt- 
her emphasized in the lithology log. T h e  low 
values between 72 and 84 meters are not only 
dae to some~vhat highly jointed basaltic dikes 
but also to the development of irregular contacts 
and to tlle rather loose nature of the hyaloclastite 
in this section. Extremely low values towards the 
bottom of the hole are due to two thick sections 
collsisting nearly entirely of incoherent tephra. 

TA13LAE I. 
Dry density, specific derisity arid total porosity 

of the Surtsey hyaloclastite. 

S;implc Ilcptti Dry cleilsity Specific cleilsity Porosity 

110 (m) (g/ctn 3) (g/cm3) (%I) 

" Basaltic dike. 
*" Measurements maclc on incoherent hyaloclastite in natriral 

openings. 



LITHOLOGY RQD ROCK ALTERATION DRILL. RATE POROSITY 

DEPTH [ m l  [%I ALTERATIONRIM THICKNESS [IJml [m/minl 

Fig. 1. Lithology and alteration rim curves, average values, pers. comln. Jakobsson and Moorc, 1982. Explanatiorl to lithology: 
1) brown-black, poorly altcrecl hyalocastite. 2) black, coarse and poorly graded hyaloclastite. 3) grayish-green sound hyaloclastite. 
4) basaltic dikes and lava flow at top. 5) incohelent tephra. 



T h e  significance of these conclusions is further 
strengthened by the fact that the different mea- 
surements were made by different investigators, 
eliminating observational subjectivity. 

As low RQD value correlates with either highly 
jointed rock or the presence of incoherent rock 
material such as the hyaloclastite initially was at 
the time of deposition, it can be concluded that 
the material was subsequently cemented and that 
discontirluities are healed during alteration pro- 
cesses. T h e  hardening effect seems at least to sorne 
extent to be causecl by growth of authigenic mine- 
rals during palagonitization. T h e  non-linearity of 
changes of RQD wit11 alteration indicates impli- 
citly that the alteration system is in a part open 
as chemical constitutents oF authigenic minerals 
may move withill the rock mass prior to precipi- 
tation. This deduction is in good agreement with 
Jakobsson's theory of an alteration mechanism 
whereby cold seawater seeps under the islarid 
where it becomes heated ancl move upwards 
through the overlying rocks (Jakobsson 1978 and 
Jakobsson & Moore 1982). 1; is clear that petro- 
graphical examination could provide a solution 
to this problem. First results of high accuracy 
coulometric measurements of the amount of aut- 
higenic calcite (method described by Sixta 1977) 
show this feature directly (see Fig. 1).  

T h e  drilling rate curve sho~vs one main peak 
in the upper part and another less obvious peak 
further clown (Fig. 1). A comparision of drilling 
rate with palagonite thickness does not reveal 
obvious relationship of the details. T h e  drilliilg 
rate peaks correlate however very closely with 
lithology and the curve also seems to follow the 
porosity trend. T h e  maill peak coincides with a 
rather coarse ancl poorly graded hyaloclastite 
which, in spite of the presence of large intergranu- 
lar voids, has not an abnormally high porosity 
(see also Table I). T h e  second high drilling rate 
section is most probably related to ilicoherent 
sand and tephra. I t  is though emphasized that 
there are many unkown mechanical factors which 
influence drilling rate in addition to lithology 
and porosity differences. 

I11 the section of souncl basalt an expected nega- 
tive drilling rate anomaly was not found. This 

was probably caused by a compensation effect 
arising from the presence of rather incoherent 
and porous hyaloclastite of low alteration grade 
at the contacts of dykes which were thinner than 
the interval chosen to record the rate. I t  seems 
likely that a mechanical drilling time recorder 
would have greatly improved the reliability of' 
the results. 

Direct comparision of liQD wit11 drilling rate 
is not suggested. .High drilling rates can be caused 
by low RQD only in very fissile or incoherent 
rocks. 

T h e  results of this paper suggest that the more 
advanced rock mechanic experiments will add 
useful information on ho~v  rock hardening is 
related to palagonitization. Work is continuing 
along these lines and the autllor hopes to present 
more detail on this in a later paper. 
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