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Abstract

The paper presents an overview about high pressure techniques for experimental simulation of  the conditions in the depth range
of  10 to 500 km. The emphasis of  the presentation is on the measurement of  elastic properties, as the majority of  experiments are
designed to determine elastic wave velocities at elevated pressures and temperatures.

.Large-volume hydrostatic pressure vessels using liquid or gaseous pressure transmitting media combine the merits of  large
sample volume with a nearly unlimited option for optimizing the measurements. Because of  the large internal volume of  the
vessels, natural rock samples can be used. On the other hand, gas pressure vessels are limited to the simulation of  crustal conditions
with only very few exceptions.

Quasi-hydrostatic pressure generation using rigid pressure transmitting media, e.g. in multi-anvil devices, is able to simulate
Earth’s mantle conditions. It requires special methods for measuring the physical properties. The higher the maximum pressures
and temperatures, the smaller the sample volume has to be. To guarantee homogeneous and representative specimens synthetic or
specially treated fine-grained natural samples must be used. However, the availability of  samples from really great depths is very
limited

Zusammenfassung

Der Beitrag bietet einen Überblick über die Hochdruck-Methoden zur experimentellen Simulation der Bedingungen im Teu-
fenbereich zwischen 10 und 500 km. Der Schwerpunkt bei den vorgestellten Messverfahren liegt auf  der Bestimmung der elasti-
schen Eigenschaften bei hohen Drücken und Temperaturen.

Großvolumige rein hydrostatische Druckkammern erlauben große Probenvolumina und breite Variabilität zur Optimierung
der Messverfahren. Entsprechend des großen Innenvolumens ist die Nutzung natürlicher Gesteine als Proben möglich. Von weni-
gen Ausnahmen abgesehen sind Gasdruck-Apparaturen auf  die Simulation krustaler Bedingungen beschränkt.

Die quasihydrostatische Druckerzeugung mittels fester Druckmedien, z.B. in Vielstempel-Apparaturen, erlaubt die Simulation
von Mantelbedingungen. Dadurch werden spezielle Meßverfahren notwendig. Je höher die maximalen Drücke und Temperaturen
liegen, desto geringer werden die Probenvolumina. Um dennoch Homogenität und Repräsentativität weiterhin sicherstellen zu
können, müssen künstliche oder künstlich behandelte feinkörnige Proben natürlicher Zusammensetzung benutzt werden. Unab-
hängig davon ist die Verfügbarkeit von Proben aus Teufen jenseits des obersten Mantels sehr begrenzt.

Der Schlußteil ist den für die nächste Zukunft zu erwartenden bzw. notwendigen Entwicklungen gewidmet. Messungen unter
transienten Bedingungen, Untersuchungen an nicht quenchbaren Hochdruckphasen sowie Messungen an komplexen poly-
kristallinen Systemen stellen gewaltige Herausforderungen dar, die Erscheinung und Stellenwert der geowissenschaftlichen
Hochdruckforschung erheblich verändern dürften.
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The paper also discuses some probable and necessary options for future developments. Transient measurements, investigation of
non-quenchable high pressure phases and measurements at complex polycrystalline systems are huge challenges with the potential
for remarkable progress in the public image and the meaning of  geo-scientific high pressure research.

1. Introduction

Geophysical methods are widely used to search for
natural resources and to investigate Earth’s crust and deep
interior. These investigations result in mostly 2-, some-
times 3-dimensional images, which show us the most pro-
bable distribution of  a physical data-density or velocity
for seismic, electrical conductivity for magnetotelluric,
thermal conductivity for heat flow, or density for gravi-
metric measurements. In addition to the geophysical data,
we have material information from xenoliths, and huge
exhumed bodies from the Earth’s mantle, volcanism and
degassing. However, matching information from natural
samples and from experiments faces a scaling problem in
dimension and time. In geological timescale, geophysics
provides a snapshot of  the recent state, or in more detail,
an information about the physical properties resulting
from a structural/material state of  a more or less un-
known geological body or structure. On the other hand,
geochemical/petrological data represent the summary or
final material state of  a long lasting process. An exciting
compromise is an ultra-deep drill hole, because it com-
bines the recent material information with actual physical
logging data. However, for the size and compositional
variability of  our planet, even so-called “ultra-deep” drill

holes are very limited in depth, representativity and num-
ber worldwide. Therefore we have to find an alternative
for the material/structural interpretation of  physical data
using all information we have. One suitable way to resolve
those problems is to simulate experimentally Earth’s deep
crustal and mantle conditions by high pressure/high tem-
perature technology. Fig. 1 compares the capabilities of
the most important apparatuses for static high pressure
generation today. Using these experimental data the state
of  the art numerical models can be supplied with realistic
values. The impressive progress in seismic methods
during the last decade and the fast growing abilities of
computer science and information technology allow and
require an enlarged precision at the same time. In this
paper we summarize the capabilities and limitations of
high pressure technology for mineral-/petro-physical ex-
periments from the geological point of  view, and outlines
the most promising future options.

2. Hydrostatic pressure generation

In general hydrostatic pressure generation means com-
pressing an enclosed liquid or gaseous medium. One of
the simplest hydrostatic apparatuses is the so-called petro-

Fig. 1: Capabilities of  different static
high pressure apparatus (supplemen-
ted after LUTH, 1993)

Abb. 1: Kennwerte der verschiede-
nen statischen Hochdruck-Apparatu-
ren (ergänzt nach LUTH, 1993)


