GEOLOGICKY ZBORNIK — GEOLOGICA CARPATHICA. 39, 1. BRATISLAVA. FEBRUARY 1988,
Pp. 35--71

JAN BABCAN* — VIERA ZATKALIKOVA®*

TIME AND SPACE PARAMETERS OF MAGMATIC INTRUSIONS
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Abstract: This article presents new solution ol magmatic intrusions
cooling. The solution is based on the [act that heat storage of an intru-
sion is dispersed uniformly to surrounding rocks. Dispersion velocity of
the heat and the space which the heat action interferes with are solved
on computer using the method of “redoubling” volume what enables
concretization and easy check on the computations.

Solutions ol various hypothetical and concrete intrusive bodies are given
as examples. Cooling of an intrusion depends. above all. on the size of
the intrusion, its depth deposition in the earth crust. original tempera-
ture and kind of surrounding rocks.

The results ol cooling and heat action of the intrusion on surrounding
rocks compared with the results of temperature and pressure conditions
under which samples taken awayv [rom particular distance between the
metamorphic complex and the contact with intrusions orviginate are
computed for two concrete cases — the intrusion Santa Rosa in Nevada
and Bratislava granitic massil.

Pesziwome: Crares HPHHOCHT HOBOC DCIICHIE HNPODACME OXJAAJCHITE MaT-
MOTHHCCKUN HHTPYIIL, DT0 PCIICHNC OCHOBAHO HQ TOM, YTO TCINOBON 2anac
HETPY3HH PABHOMCPHO PACCCHBACTCH B BMCIUQIOWNME 110pojibl. CKOPOCTL -
TEPpCny Teiia n HpocTpaicTed, KOTopoc 3aTPOHYTO TCHIOBBLINM 15(!3)[(1I.1L"l'lillt‘.\1.
peinares B DBM MeTojoM «VABANBAHIN: ODBLEMA, HTO 1OIBONMCT KOHKPCTI-
SUPOBAHNC PACUCTOB 1T 1IN JICTKIT KOHTPOM . Kar HPUMCPLE HTPHBOAATCH DPAC-
UCTH ONJQAACHIT PASHLIN THITOTCTHYCCKIX 1T KOHKPCTHRIN HHTPYINBHLINX TCI.
OXIQAJNCHIIC TTHTPVIHIL 3ABICHT [PCHJC BCCIO OT PA3MCPA HHTPYIIN, CIT 1Iiy-
OHUHOTO TIONOMKCHIS B 3CMUO0N KOPE, HCXOMUOI TCMICPATYPBE 11 BIJIA BMC-
MO mopoji. Jlng ABYX KOHKPCTHBRIX IpuMepos — uurpyaun Caira Poca
o Hepazge 1 OpaTHciasCRoro rpaniuTHOrO  MacHBad  BLIMMCICHB PCIVALTATLI
OXNAMJICHITE 11 TCTHUIOBOTO B(J.’SJ[L‘IHICTRIIH HHTPY3MM Ha BMCHLENOMIIC OO,
ROTOPRIC CPABHCHLL C i)C?»}:‘JleI!TfINI! PT yL‘JllJI]IlI_I UG])Z[B{JB;‘IIIII}I I]p()ﬁ, BIATHIX
13 OnpeACciCHHBIX ]]L\L'("i't}!ll-l”fl .\ICTD.\I()i)LI)I‘I‘ICE(UI‘[) KOMIICKA OT KOHTAOKTA
C OHHTPRY RN,

Introduction

Magmatic intrusions become sources of heat energy gradually dispersed to
surroundings and resulting in various changes in it after their ascend to the
upper parts of the ecarth crust. A long time ago various geologisls — experls
have been interested in the character of these changes, their intensity. the
time during which heat capacity of the intrusion has an effect and the space
in which its heat action intervenes and causes the metamorphic changes. Com-
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plexity of these processes has not recently permited more than some “specu-
lative” conclusions about time and space actions of the intrusions. However,
modern computational technic enables many detailes of these processes to be
considered simultaneously and to materialize them to a great extent on the
basis of corresponding computations.

The heat action of the magmatic intrusion in surroundings depends, above
all, on the amount of the heat brought by it and the depth it stops in. The
amount of the heat is given by the size (volume) and the temperature of the
intrusion. The depth in which the intrusion stops determines the part of the
heat capacity that can be dispersed to surroundings. The part of the heat pas-
sing through surroundings in deeper parts of the earth crust where tempera-
tures are higher than in the parts nearer to the earth surface is smaller because
the heat action of the intrusion is finished in the moment when the tempera-
tures of the intrusion and of surroundings are the same.

Time and space of the heat action of the intrusion depend not only on given
parameters of the intrusion but also on physical properties of surrounding
rocks, above all, on their rather different heat conductivity among individual
kinds of rocks. Very important factor of these processes is the way how the
heat is spread from the intrusion to surroundings. i.e. if it is caused by the
contact between particles (conduction-leading) or if the heat is carried out
by gases or liquids in convection (convection-flowing). or by the both processes.

Besides the mentioned facts solutions of the heat action of the intrusion
should regard to also the shape of the intrusive bodies because e.g. il heat
storage of a cylinder body and the heat storage of a plate body substantially
elongated in one direction are the same, the parameters of the action of both
intrusions will be different.

Several attempts at solutions connected with determination of time and
space parameters or both parameters of the action of magmatic intrusions
of various types have recently been found out. However, various authors
have rather different approach to the solution of these problems. some of them
prefer certain parameters, disapprove others ete.

On solving dynamics of heat exchange during magmatism Kadik —Ja-
roshevski (1971) take as a basis of the computations inner convective
transmission of the heat occuring directly in magma, namely by its flowing
upwards and also the fact that the heat is transmitted to surroundings in fact
in the apical part of the intrusion. Although the heat transmission to sur-
roundings supposed always as anisotropic, it can be covered in mathematical
model with many difficulties only.

Theoretically Sharapov (1971) indicates some possibilities or complexi-
ties in the matter of solutions of magmatic intrusions cooling. For example. he
refers to the fact that some high-temperature sources. genetically associated
with particular intrusions. represent considerably higher original temperature
than it corresponds to their position in relation to the intrusion. On the basis
of these facts he concludes that the problem is very complex and at present
it is not solvable (1971!) because many physical parameters requisite to the
computations are missing. Later (for example Sharapov—Melamed.
1974) approach, after all. mathematical solution of the problems connected
with magmatic bodies cooling. including magma chambers. Some results of
their computations will be presented in discussion.
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Dudarev et al. (1972) have done computations with relation to heat
characteristics of dykes. consequently bodies elongated in one direction, practi-
cally infinitly. They suppose heat transmission from a dyke to surroundings
by conduction. Computations are limited, above all, to dyke cooling only
connected with the crystallization of its content. More detailed method of the
computation is not presented. but for example the fact that the dyke the thick-
ness of wich is about 20 m, with original temperature 1000 °C is cooled to the
temperature of 450 °C (what should correspond to the total crystallization) in
about 10 years may be read from graphs.

Goguel (1978) is concerned with the computation in relation to cooling
of magmatic intrusion in detailes, takes the depth of the intrusion into consi-
deration in the complex equation for the computation of cooling, its original
and immediate temperature, heat conductivity of surrounding rocks. thermal
gradient and other parameters but he does not consider the weight or volume
of the intrusion. For example. cooling time for the intrusion of unknown
size. the peak of which is in the depth 5 km has been computed to be 1.6 mil.
vears.

On the other hand Spera (1980) considers not only the size of the intru-
sion, but also the amount of water absorbed in magma and escaped in form
of a fluid system during crystallization of the magma taking away particular
amount of heat, i.e., the more water the magma containes, the faster it cools.
However, his computations are limited only to the time of crystallization of the
magma (so called solidification time) and do not take the position of the
intrusion and corresponding geothermal continuities into consideration. Accor-
ding to his computations the solidification time with relation to a spherical
intrusion of granodiorite magma. the radius of which is 5 km and the amount
of water is 0.5", is 3.3 . 10” years and at the amount of water 4", “only™ 5. 10"
years.

Golubev (1961). similarly to Sharapov (L. c) indicates some possi-
bilities of solving presented problems, points out various details in the matter
of relations between magma and rock and problems connected with mathema-
tical solution of these tasks but no particular examples are presented.

Parmentier and Shedl (1981) refer to interesting details connected
with the solution of the problems in the matter of magmatic intrusions cooling.
They point out e.g. the fact that besides conductive transmission of heat from
the intrusion to surrounding rocks circulated meteoric waters have important
function during cooling of the intrusion. However, the influence of the circu-
lated waters is not considered in concrete computation in relation to cooling
of the intrusion situated in the locality of Santa Rosa in Nevada. That is to
say. the result stated on the basis of the amount of the isotope O in waters
was that the heat output caused by these waters (convection) would be too low.
We shall return to the values computed by them in discussion.

Gillen (1982) considers [actors of intensity of the raised transformations.
i.e. size of the intrusion. original temperature of the magma. to be most impor-
tant in evaluation of the influence of the intrusion on the course of contact
metamorphism.
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Theoretical explanation of proposed solution of the problems

Complexity of the solution connected with the problem of magmalic in-
trusions cooling as it was sketched in the previous part of this article and.
above all, complexity of the mathematical solutions following these prob-
lems and affecting more or less various natural situations have made us for
the idea to use a procedure principally different from the procedures given
by the authors mentioned above for these computations. The vrocedure sug-
gested by us and its realization enable effective control elimitating possible
errors and contingent mistakes can be exactly defined [or each singled out
stage of the intrusion cooling of various types and [or manifold parameters
making dependent upon this cooling.

Complex differential equations of heat transmission using vector relations
etc. are applied as a basis in existing computations connected with the problems
of magmatic intrusions cooling. These equations do not consider moreover
e.g. the size of the intrussion and possibly also other appropriatencsses men-
tioned above. so that the value of the computed cooling parameters is not too
reliable.

Our computations come from the basic assumption — cach magmaltic intru-
sion brings some amount of heat. so called heat storage (Q). serving as a basis
for next comeutation to the place where it stops. The heat storage Q presents
the sum of so calied pre-crystalline heat Q. corresponding to the heat cased
from the intrusion after its cooling from the original temperature of the
magma (T,) to the temperature of crystallization (solidilication — T,.. next
from so called heat of the exothermic phase reactions during crystallization
of a melt (Q,) and post-crystalline heat Q. cased during intrusion cooling
from the temperature T, to the temperature of surrounding T,. The relation
below follows from these considerations:

Q-Q +Q, ~Q (1

The basic quantitative unit of the computations is the weight of the intrusion
M computed from the original volume of the intrusion and the density of
melt (o) for which the same value has been taken as for the solid intrusion
(e.g. for granite p = 2600 kg . m ). The weight of the intrusion has been com-
puted according to the relation M = V,.p. No further “supply” of the heat
into intrusion has been considered in the computations. e.g. through inlet
channel from underlying beds of the intrusion etc.

Particular partial parts of the heat storage with respect to the intrusion have
oveen compuled from relations:

Q:l =M. C . (Tu C TJ (2)
where ¢, is the specific heat of the granitic melt (1.0467 kJ . kgl K™Y, the
temperatures 1200, 1000 and 800 °C have been specified for the original tem-

perature of the intrusion T, and T, = 1000°C for the crystallization tempera-
ture of the melt:

QI\ = 1\;[ o L (3)
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where L is the latent crystalline heat of the melt; e.g. for granitic melt L —
376.8 kJ . kg™ (according to Dudarev etal.l c);

Q.=M.c, . (T,—T,) (4)

where ¢, is the specilic heat of the granit. 0.8206 kJ . kg™ . K'!' (Dudarev et
al.. Loe).

Time and space actions of the cooling intrusion have been derived [rom the
heat assumption that the heat storage is spread to surroundings uniformly
according to the regularites in the matter of heat conduction. Simplified F o u-
rier' s relation (Horak et al, 1961) has been used [or the calculation of the
heat amount carried over by way of conduction through certain volume ol the
rock, defined planes F, the distance 1. at the thermal gradient AT (AT 1 o
— Ty). where T, is the temperature of the plane situated nearer to the source.
Ty — of the further plane, at heat conduction of the medium situated between
the considered planes 1 per time ¢ during which the transmission is realized:

Il,F.T-AT
Q : (5)

Three lypes ol environment in which the granitic intrusion could penetrale
and for which appropriate values of the heat conduction have been used

(erystalline schists. meta-pelites A = 1.6. 107, granitic rocks 2i5.. 107,
carbonatles. metabasalts | 3.2.107W . m™ . K! (all according to the tables

ol Physical proverties ete.. 1984) have been considered in our computations.

It was considered that the proper process ol the intrusion cooling consists
of partial stages (n — ny + ns +ny +...) characlerized for the purposes of
computation as the processes during which the heat is spread from the volume
of the rock to the redouble volume with respect to the previous one (e.g. il the
volume of the intrusion is V, at ny, at n; the volume is V, = 2V, at n» il is
2.V, ete). The temperature at these enlarged volumes increases to the detri-
ment of the heat ol the original intrusion, whereby the amount of the heat and
Lo time during which the heat is spread into so enlarged volumes ol rocks
is computed from the presented relations for Q (eq. 5) Il we contemplate e.g.
the shape of the intrusion to be cylindrical with the radius a, and the height
by, the volume of which can be computed from the relation V T . an . ba.
then the redouble volume is Vi — 2.V, = T.(ay + ). (by + 1ry), where 1,
presents appropriate inerement in the matter of dimensions of the original
evlinder. Provided the total heat storage remains always constant the time
during which appropriate heat storage is transfered into so calculated volume
increment is computed. The value 1 represents in fact the volume increment
(i.c. the value ry in the example calculated above) in the equation 5.

Values of the thermal gradient AT are computed as diflerences between
maximal temperatures of corresponding rock volumes in our compulations.
Like this for Vi it is the temperature Ty, for the volume V, it is:

Q
Tm;l\ i = MI LTy (G)
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ete.. whereby T,,,. is the maximal temperature the rocks can reach in parti-
cular distance from the intrusion.

Gradual “redoubiing” of the volumes considered as partial units of the heat
spreading will stop in the moment when T"""i equals surrounding rock
temperature defined from the depth in which the intrusion stops and from the
value of the average geothermal gradient (30°C.km™') at the temperalure of
the earth surface 20 °C.

The time during which the heat storage of the intrusion is spread to sur-
roundings so that the temperature will come up to surroundings in the last
stage of the computation is computed as the sum r from the equations (5)
and (6).

In the cases when the depth in which the intrusion stops has been chosen
so that the heat spreading from the intrusion reached the earth surface before
“arrangement” of the temperatures, heat escape from the surface to the space
has been computed according to laws of heat radiation (Horak et al. L)

T \4
Q=c.F. mo).r (7

where ¢, is the coefficient of heat radiation (18.4184 kJ .m™ ., hour™. K™).
F is the plane of the radiating surface and r is the time in hours. Corresponding
data in the matter of heat dispersion caused by conduction and radiation
have been added in total computations of space and time parameters.

Proper computations have been done by means of the computer SIEMENS
4004/151 at the Institute of University Computational Techniques in Bratislava
according to the program made by one of the authors (V.K. and written
in BASIC. The program enables computations at changing input values in large
scale. Graphic dependences and derived corresponding conclusions have been
arranged from the computed data.

Computational part

Prevailing majority of the models made for the computation of magmatic
intrusion cooling parameters are based on the substantial quantitative value —
the size of the intrusion. From the begining we strived to find a way how
to apply the computations to real natural bodies but there were many diffi-
cullies connected with the definition of their size. above all, their thickness
to be able to compute the weight of the original bodies — intrusions at certain
simplification of these bodies (e.g. the geometrical shape is a cylinder. rectan-
gular. ball etc.).

Introductory computations of intrusion cooling have been done partly for the
bodies of hypothetical dimensions, partly for concrete intrusions. but also
in this case some hypothetical parameters had to be used. above all, the thick-
ness. Details connected with these computations will be presented in the next
sections.
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Cooling of the
which diameter is

intrusion “hypothetical
1 km and height 3 km

cyvlinder’

The cooling (i.e. gradual equalization of temperatures with the surroundings)
has been computed for the intrusion of presented dimensions with original
temperatures of the intrusion 1200, 1000, and 800 °C, for the depths in which
the intrusion stops being in 2, 3, 4, 6, and 8 km from the earth surface.
It was supposed that the intrusion penetrated into various types of rocks in
range from crystalline schists to carbonates or meta-basalts. 45 models with
changing parameters have been computed on the whole. One part of the results
is presented in Figs. 1 and 2 where boundary wvalues are illustrated only;
middle values, e.g. for the temperatures
1000°C, can be interpolated from
Fig. 1.

According to the Fig. 1 it is evident
that the time of the intrusion cooling
is changing in wide scale, whereby
the depth in which the intrusion stops
has expressive influence in this point
of view. It is connected with the fact
that the intrusion has great heat stor-
age with respect to low temperatures
ol surroundings in small depths (in
the direction from the surface). Maxi-
mal time of cooling (9 000 years) be-
longs to the intrusion with the origi-
nal temperature 1200 °C, solidificated
in the depth 2km in the environment
of “more acid” rocks — schists and
meta-pelites.

The influence of the original tem-
perature together with the depth whe-
re the intrusion stops appears in spa-
ce action of the intrusion (Fig. 2).
Different type of rock environment
has no influence upon the distance in

time(years)
9000

7000

5000

3000

1000

depth (km]
0 2 4 B 8 10

Fig. 1. Graphs illustrating dependences

which the intrusion operates. the dif-
ference appears only in the time when
maximal temperature reaches appro-
priate distance from the intrusion.
Considered intrusion can operate lo
the distance maximally 900 m.

of cooling time of the intrusion “Hypo-
thetical evlinder”™ on the depth deposi-
tion. original temperature and kind of

surrounding rocks.
Explanations: 1.1” — crvstalline schists,
meta-pelites: 2.2° — granitic rocks: 3.3
— carbonates, meta-basalts.

Cooling of the

intrusion “Pluton of second size’

According to the classification of plutons (Cloos, 1951 in "Die Entwick-
lungsgeschichte der Erde”, 1981) the area of the pluton of second size is 10% km?,
During computations 36 models have been obtlained provided the pluton’s sha-
pe is eylindrical, the thickness is 100 km and it cools in the depth 5, 7, 8, and
9 km. Results are presented in Figs. 3 and 4
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The types of curves obtained for time dependences of pluton’s cooling are
different from the ones obtained on the basis of previous results. This [act
follows from occuring of relatively fast escape ol heat by radiation as well as
fast cooling of the intrusion. because in this case the heat action reaches the
surface of the Earth. It is showed objectively also in Fig. 4 where intense drop
of temperature corresponds to heat escape by radiation. According to the
cireumstances. the time of cooling of the pluton is to be from 300000 to
1.5 mil. years, whereby its heat action can reach. under the most optimal
circumstances (original temperature 1200 °C) the distance a bit more than
7 km,

TIC)

dist{m)

0 200 400 600 800

Fig. 2. Graphs illustrating dependences ol space action of the intrusion = Hypothe-
tical cvlinder” on original temperature and depth deposition of the intrusion.

Cocling of the intrusion “Bratislava granitic massif’

For the aplication of our solution of magmatic intrusion cooling we used
the well investigated Bratislava granitic massif (further only BGM) as a geo-
graphicaly well specified area. for which so called experimentally obtained
temperatures of metamorphic action of intrusion to surrounding rocks (accor-
ding to petrograrhic-chemical investigations) were at our disposal.

Our considerations were based on older theories applying to deep origin
of the massil. We supposed that it would be possible to obtain some arguments
for or against in the matter of the theory of the nappe origin of the massif
(Mahel. 1986), from comparison of computed and so called experimental
values.

Basic dimensions of BGM — the surface of aproximate oblong shape and
dimensions 24 6 km have been considered in computations. We had many
problems with the thickness of the massif. According to data of Mahel (lLc)
is the thickness of the nappe 1600—1800 m, according to Lan ¢ (private infor-
mation) 400 m. In our computations thicknesses of 0.4, 1. 5. 10 km have been
taken into consideration. We considered. that intrusion presented above could
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crystallize at the depths of 2. 4, 6. 10, 12, 15, 18 km. Other input dala are the
same. Altogether we investigated 84 models of BGM cooling. A part of the re-
sults are sumarized in the graphs 5 and 6, further in the graphs 11, 12, 13.

According to the Fig. 5 the times of the intrusion cooling are the longest
for the intrusion cooling in small depths. Maximal time of cooling is 40 000
vears for the depth 2 km and 100 years only for the depth 18 km according
to this. Similarly it is also with the distances of the action (Fig. 6) — & body
occuring in the depth 2 km would operate by heat to the distance 1.5—2 km,
in the depth 18 km only to the distance about 50—200 m.

time(10%years) T(°C)
1200+
/
’!
A
/ ; \\ " . dist{m)
L/ Eeanl 0 2000 4000 6000
/ /™ o
] y A Fig. 4, Graphs illustrating dependences ol
T space action of the intrusion “Pluton of
(A8 01 e - the second size” on original temperature
= T, v 2 and depth deposition of the intrusion.
¥ Fig. 3. Graphs illustrating dependences
of cooling time of the intrusion “Pluton
—— 1200°C of the second size” on depth deposition,
--=- B0°C original temperature and kind of sur-
depth(km) rounding rocks.
0__%__.. e _.g_.- Explanations are the same as in Fig. 1.

Cooling of tne intrusion “Tatras”

Further geological area for which we strived to model the heat action was
the granitic complex High Tatras. occupying the area 720 km® at estimated
average thickness 1.2 km (G orek, private information). In computations the
granitic body “Tatras”™ has been assimilated to a rectangular with dimensions
ol < 14 - 1.2 km. It was supposed thal the intrusion could solidify in depths
3. 7. and 9 km. Other parameters conform with the previous compulations.
27 model cases have been computed on the whole. A part of the resulls
showing the cooling time is in Fig. 7. The cooling time of the intrusion
“Tatras” is from 15000 to 100000 years [or presented input data according
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to this. Space action of the intrusion for depths 5 and 9 km are illusrated in
dependences in Fig. 8. The heat action of the intrusion can intervene to the
distance 1—1.5 km. at the highest considered depth: at the smallest (5 km) to
the distance 2—2.5 km.

TimE[103years}
ot
30
20+
‘D.
Fig. 5. Graphs illustrating dependences
of cooling time of the intrusion "Brati-
slava granitic massif” on depth deposi-
tion, original temperature and kind of
surrounding rocks
- . . = Explanations as in Fig. 1.
0 4 8 2 6 depthikm) : g

T°C)

— 2 km
&0}, == 10 km
" 18 km

0 200 800 200 160

Fig. 6. Graphs illusirating dependences of space action of the intrusion “Bratislava
granitic massif” on original temperature and depth deposition of the intrusion.
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Discussion
Comon features of all models in the matter of magmatic intrusion cooling
present their theoretical character and the fact that computed values can not

be compared with real cases. Conformity of the data obtained by various

time (10°years)

1:0.
ar
a0
HOF
z] L
Fig. 7. Graphs illustrating dependences i
of cooling time of the intrusion “Tatras”
on depth deposition, original tempera- depth (km)
ture and kind of surrounding rocks. 0

Explanations as in Fig. 1.

TrC)

1200

dist(m)

0 800 1600 2400
Fig. 8. Graphs illustrating dependences of space action of the intrusion “Tatras”
on original temperature and depth deposition of the intrusion,
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methods or by the methods following from various principles can be consi-
dered as certain criterion of correct computations. However, also in this case
the comparision meets with differences among input data used for computa-
tions.

Our modelling of magmatic intrusion cooling has shown explicitly depen-
dence of cooling, above all, on the size of the intrusion, next on the depth
of “deposition” of the intrusion in space and on the original temperature of
the intrusion whereby time and space actions of the intrusion cause petro-
graphic character of surrounding rocks, concretly their heat conductivity
on which depends the velocity of heat dispersion from the intrusion to sur-
roundings.

The size of the intrusion together with its original temperature are decisive
parameters of the heat action to surroundings because the amount of the heat
being brought depends on these parameters. Also the shape of the body can
influence the time of the heat action of the intrusion and its space extension,
above all, in case of abnormity of a dimension (e.g. a dyke in comparison with
a cylindrical body etc.).

The depth in which the intrusion occurs in the earth crust causes the time
of its cooling and space action because in case of intrusions with the same
parameters e.g. with the same heat storage, the intrusion dipped in greater
depth will be in equilibrium with surrounding sooner than the intrusion
occuring nearer to the earth surface. However, in case the intrusion reaches
the surface in so distance that heat comes to the atmosphere directly or by
so called radiation the equilibrium is reached very quickly.

The computation of concrete parameters in the matter of magmatic intrusion
cooling can be found out in many works. The time scale of intrusions cooling
computed by us conforms with the data quoted in introduction with respect
to their exponents. Even next two data are noticable for the discussion in this
sence.

Sharapov—Melamed (L c) have modelled mathematically the time
of magma chamber forming and cooling and plutons linking up with them.
It was computed that minimal time during which large magma chambers
exist in the earth crust is between 10—15 mil. years, maximally 30—40 mil.
yvears. According to these authors great portion of magma separated from the
chamber dimensions of which correspond with the pluton (dimensions of the
pluton are not presented) crystallize during 1/10 of these times. e.g. the pluton
reaching 5 km in verticale profile should crystallize during less than 300 000
years. We remark that these times are valid for the case of solidification: the
times for total equilibrium with surrounding would be substantialy longer.

Parmentier—Shedl (. ) have compared space parameters of coo-
ling of the granitic body Santa Rosa in Nevada with Compton's data
(1960) in the matter of heat history of 5 samples containing metamorphic
rocks taken from certain distances from the contact of the intrusion. We have
also tried to solve time and space parameters of the intrusion cooling (its
dimensions according to the author’'s data: 16 8 >4 km) through “our”
method with respect to quite exact dimensions of the intrusion presented in
the quoted work of the authors. Computations have been done for various
original temperatures of the intrusion, various depths of cooling (2, 4, and
6 km) and various surrounding rocks. Graphical illustration of appropriate
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dependences is in Fig. 9. The cooling time of the intrusion has been determined
as 30 000—160 000 years depending on used input data. The time during which
the intrusion cools has not been solved by the authors, space dependences
will be discussed in next sections.

Fig. 9. Graphs illustrating dependences

of space action of the intrusion *“Santa

Rosa” on original temperature and depth

deposition of the intrusion; so called ori-

ginal temperatures of mineral associa- )

tions obtained experimentally are illus- 0 ) ) ) . dist(m)
trated as circles. 400 1200 2000

We have tried to confront computed parameters of magmatic intrusions coo-
ling with the data containing heat action of concrete intrusions to surrounding
in which these intrusions caused metamorphic changes. However, we were not
able to find more than two cases among which the data requisite to the com-
putation and simultaneously to the comparision could be obtained even with

T°C)

dist(m)

0 0 g0 1200 1600

Iig, 10. Graphs illustrating dependences of space action of BGM at the thickness
ol original intrusion 0.4 km. The circles present conditions of the origin of so called
experimental samples.
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our best effort. If there are the data about conditions of the origin of certain
metamorphic mineral associations at disposal in literature the data about
the size of the intrusions or exact data about the place of samples taking are
missing.

Only the data specified for the presented intrusion Santa Rosa and the data
in the matter of BGM (Korikovski et al, 1984; Miklos, 1985) have
satisfied conditions requisite to the computation and comparison.

T(C)

1200

—— R2km
—--- Bkm

dist(m; dist{m)
0 400 800 0 400 80 1200

Fig. 11. The same as in Fig. 10 but at Pig. 12. The same as in Fig. 10 but at
supposed thickness of the intrusion 1km, supposed thickness of the intrusion 5 km.

Nearby the intrusion Santa Rosa Compton (L.c) has taken away 5
samples for which temperature and press conditions of the origin have been
determined according to the petrographical-chemical analyses. Thus, the ori-
ginal temperature has been determined to be 580 and 620 °C at the pressure
100—200 MPa for two samples taken from the distance 50 m from the contact,
for the samples from the distance 750 m the original temperature 515 and 525 °C
(at the same supposed pressure) and for the sample from the distance 1600 m
from the intrusion the original temperature 375 °C.

If the presented values are “installed” to the graph illustating the dependence
between the temperature, depth and the distance from the intrusion (Fig. 9)
drafted for the intrusion Santa Rosa according to our computations further
places where the samples are taken are illustrated in the existent fields of
deeper horizonts wherby the samples situated near the contact lie considerably
out of computed area. Number of reasons why may be more e.g. the method
how the distances between the places where the samples are taken and the
contact are measured etc.

We had two places of taken samples for which the original temperatures
have been determined (Korikovski et al, Le; Miklos. 1.c) placed at
disposal to compare results of very detailed computations of BGM cooling.
The original temperature determined by the authors is to be 600°C for the
sample taken away from staurolite—sillimanite zone from the distance 115 m
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of supposed contact with the intrusion and the original temperature 500 °C
for the sample from staurolite—chlorite zone from the distance 345 m of the
contact. Position of the presented two samples together with the original tem-
peratures given in the graph of dependences computed by us are illustrated
in Fig. 10.

1200

— 12km
-——- 1Bkm

dist(m)
0 400 600 1200 1600

Fig. 13. The same as in Fig. 10 but at supposed thickness of the intrusion 10 km.

Although both samples are situated in computed field of the dependence
temperature-depth-distance from the intrusion according to their space posi-
tion, the estimation of the depth origin of the sample from the place nearer
to the contact: 12—18 km (Mik168§, 1 c) is exaggerated according to our
computations and it should lie in smaller depth than 10km as it will be
mentioned. The decision could be done on the basis of greater number of sam-
ples together with the determination of temperatures (and pressure) at which
the samples origin and also their exact localization with respect to the intru-
sion.

The question about trustworthiness of the BGM thickness ie. 0.4 or 1.6—
—1.8 km, has been discussed very often in the discussions dealing with pre-
sented problems in the matter of BGM. This is the reason why modelling
computations have been done for various thicknesses of the intrusion — 1, 5,
and 10 km. The comparison of the obtained results with so called experi-
mental data determined by Korikovski etal.and Miklo§ (L c) illustra-
ted in Figs. 11—13 realy shows much greater correspondence between theore-
tical and “experimental” values for substantialy smaller thicknesses of BGM.

In the discussion about space action of magmatic intrusions it is important
to mention even Gillen's data (l.c). As it has already been presented
(in introduction) Gillen gives the data about the action of various intru-
sions without details namely depending on intrusion’s size and its original
temperature. For example, granitic intrusion which diameter is 5 km and
original temperature 800 °C should cause metamorphic changes at the tempe-
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rature 425 °C even in the distance 2.5 km. If we consider the fact that Gil-
len’s granitic intrusion represents only about 1/5 of BGM with respect to
size his data seem ito be considerably exaggerated with respect to the greatest
considered thickness of BGM.

Although in total evaluation of the usefulness in the matter of the method
connected with the computation of the parameters of magmatic intrusions
cooling proposed by us it is important to state the fact that the number of
samples by means of which the correctness of the results in the matter of
modelling of intrusions cooling has been verified is very small up to now
(considering mathematical modelling) and proposed computational process
seems to be well — founded, relatively simple and can be managed quite easy.

Conclusions

The present work represents principally new method of solving time and
space parameters of magmatic intrusions cooling. Its simplicity consists in
computational solution of gradual intrusion cooling through equilibration
between temperatures and surroundings. It is based on the fact that the heat
brought by the intrusion is dispersed uniformly to surroundings through
conductive heat transmission. Time and space parameters of cooling as the
functions of heat storage of the intrusion and heat conductivity of surround-
ing rocks are computed from simple relations in the matter of heat conduc-
tion through the system of solid materials.

Trustworthiness of the computations has been verified on the basis of
two examples by comparison between theoretical computations and results
in the matter of determination of the heat conditions under which mineral
associations origin in contacts or near the contacts between intrusions and
surrounding rocks mnamely the intrusion Santa Rosa in Nevada and Brati-
slava granitic massif”

Mathematical modelling confirmed the fact that intrusions cool depending
on their size, original temperature, the depth of deposition in the earth
crust and the character of surrounding rocks. These dependences are not,
however. always direct, e.g. large intrusion near the earth surface cools sub-
stantialy sooner than the intrusion of the same dimensions but occuring in
greater depth from: which heat is not escaped to the atmosphere by radiation.
Even the shape of intrusive bodies is considerably important, e.g. the shape
of the intrusion elongated in one direction shortens the time of cooling.

The results presented in this work have been done on the basis of two
hypothetical and three concrete intrusions. For hypothetical body of cylin-
drical shape the volume of which is 2.10'm" the time of cooling has been
determined from 1000 to 9 000 years and its heat action to the distance 300—
900 m. Larger hypothetical body, so called pluton of the second size, the vo-
lume of which is 10" m" can cool from 300 000 to 1.5 mil. years and its heat
action can reach the distance 7 km.

For the intrusion of type “Bratislava granitic massif” (dimensions of which
are 24 > 6 < 04 km ie 6.10"m% the time of cooling has been determined
to be from 100 to 40000 years whereby its heat action may occur in the
distance even 2000 m. The intrusion of type “Tatras” (51 < 14 > 1.2km, vo-
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lume 9. 10" m* can cool from 15000 to 100 000 years according to the com-
putations and its effects may occur in the distance 2.5 km.

The estimated thickness of the intrusion Santa Rosa in Nevada is greater
at generally smaller volume what occurs in computations as longer cooling
(30 000—160 D00 years) but practically the same space action (2—2.5 km).

Translated by Z. Supkova
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