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Widok na odkrytą komorę źródła jonów SHRIMP IIe/MC, z kolumną  
pierwotną z położeniem apertur Köhlera (patrz: dłoń), i z kolumną  
jonów wtórnych, prowadzącą w kierunku analizatora elektrostatyczne-
go (w lewą stronę).

‹

Działo cezowe, dostarczające stabilną wiązkę jonów  
dodatnich Cs+.

‹
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konodonty

‹
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These images allow the complexity of the internal structure of 
the sample to be revealed, a type of material, the quality of 
its surface, the existence of the inclusions and consequently 
precisely select the area for SRIMP measurements.

All samples prior to performing measurements on SHRIMP mi-
croprobe shall be fully documented photographically using 
four types of images:

• reflecting light optical imaging (› 1)

• transmitted light optical imaging  (› 2)

• SEM –CL monochromatic cathodoluminescence  
imaging or BSE imaging (› 3)

• low magnification -SEM imaging to assembly  
a navigation map (4)

SAMPLE  
PREPARATION 

b‹ a‹

› 1

› 2

› 3
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SHRIMP  
IIe/MC

Isotopic studies are carried out on samples such as minerals, 
fossils and other items of very small size. They are embedded 
in an epoxy resin together with the proper standards, and 
then are cut to expose the surface for analysis and polished 
precisely. This creates a sample mount. 

Monomineral samples for ion microprobe SHRIMP IIe/MC me-
asurements can be prepared in the sample separation faci-
lity in PGI-NRI. It is provided with the necessary equipment to 
complete crushing and mineral separation, which allows the 
proper sample preparation. 

SAMPLE  
PREPARATION 

The SHRIMP accepts two styles of epoxy mounts: A standard 
epoxy resin of 25.4 mm (› a) diameter and a “mega-mount” 
that is slightly larger at about 35 mm (› b). This stage of sam-
ple preparation should be done at PGI. There is also the po-
ssibility of working on a standard thin sections (› c). 

c‹
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Oxygen ( O- 2) primary source: Positive secondary ion mode

Caesium (Cs+) primary source: Negative secondary ion mode

Quantifiable in either positive and negative ion mode

SHRIMP IIe/MC ion microprobe
 -the ion mode  

and elements detection 

Oxygen ( O- 2) primary source: Positive secondary ion mode

Caesium (Cs+) primary source: Negative secondary ion mode

Quantifiable in either positive and negative ion mode

APPLICATION

TRACE  
ELEMENTS 
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SHRIMP analysis has been applied to numerous problems in 
trace element geochemistry, such as:

SHRIMP  
IIe/MC APPLICATION

TRACE  
ELEMENTS 

• measurements of the concentration and distribution  
of trace elements within individual grains,  
and mineral solid inclusions

• substitution mechanisms within individual grains

• rare elements in geological and other samples

• depth profiling of surface films and diffusion profiles  
and isotopic diffusion rates

• inclusions wthin steel

• partitioning of elements between phases,  
and dissolution rates of minerals

• isotope imaging by rastered sample

druk_ang.indd   16 19/05/2014   21:33
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Baszkówka meteorite - L5 ordinary chondrite, weighing of 15.7 kg, 
and dropped at 25.VIII.1994 in Poland, 52 ° 02'N, 20 ° 56'E. Chondrites 
were formed by the accretion of particles of dust and grit present in 
the primitive Solar System which gave rise to asteroids.
Baszkówka meteorite is oriented meteorite, with perfectly preserved 
distinctive shape of a flattened cone with radiating grooves. The en-
tire surface is covered by a black melted crust. 

APPLICATION

MULTI -ISOTOPE  
ANOMALIES 

shrimp@pgi.gov.pl
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• solar wind isotope analysis of lunar materials

• examining stellar nucleosynthesis

• investigating Ti isotopic ratios in meteorites

• determining Pb isotopic composition of lunar samples

• anomalies in refractory meteoritic minerals

• the analysis of radionuclide material  
(U and Pu isotope ratios) for nuclear forensics

• anomalies in experimental samples

The SHRIMP IIe/MC can be used to determine isotopic ratios 
of elements on analytical spots of similar size. 
Although the SHRIMP IIe can achieve sub-permil level pre-
cision using peak-switching analyses under ideal conditions, 
use of the multicollector is advised for maximizing perfor-
mance.

SHRIMP  
IIe/MC APPLICATION

MULTI -ISOTOPE  
ANOMALIES 
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• analysis of the stable isotope ratios of teeth and of 
bone of ancient people as an indicators of palaeocli-
mate, palaeodiet, and palaeoecology

• seasonal oxygen isotope cyclicity and annual time mar-
kers of osteogenesis from polished bone cross-sections

• sulphur isotopes genetic study on micro scale in the  
sulphide minerals that form massive sulphide deposits

• carbon isotopic composition

• lithium and boron isotopic changes on clay minerals  
related to hydrocarbon migration

The SHRIMP ion microprobe is used for stable isotope deter-
mination in biogenic and inorganic minerals for:

• conodont thermometry on biogenic apatite as  
a record of the sea water paleotemperature

• tracing climate change “subtle paleoclimatology”  
on geological timescales on CO3 bearing fossils

• the impact of changes in sea water paleotemperature 
on biodiversity

• the exploration of isotopic heterogeneities of mamma-
lian tooth enamel for investigating the diets of fossil taxa

APPLICATION

STABLE  
ISOTOPES
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SHRIMP  
IIe/MC

The new advances of SHRIMP ion microprobe have been in 
the field of light stable isotope ratios, especially oxygen, sul-
phur and carbon. Stable isotope geochemistry examines the 
change of the isotopic composition of an elements (H, Li, B, 
C, N, O, S) produced by chemical or physical processes. 
The stable isotope compositions of biogenic materials record 
a combination of the biological processes and environmen-
tal parameters. Oxygen isotopic compositions of individual 
spots can be measured in less than 5 minutes with internal 
precisions of about 0.1 per mille. 

APPLICATION

STABLE  
ISOTOPES

Traditionally, oxygen isotopic compositions are measured fol-
lowing chemical processing of large samples weighing seve-
ral milligrams. The SHRIMP IIe/MC ion microprobe allows explo-
ration of isotopic heterogeneities on a very small scale, for 
example the composition of individual zoning in microfossils. 

Moreover SHRIMP measurement of S isotopes has been used 
to understand mineral growth mechanisms, follow changes 
in fluid compositions and to constrain the conditions under 
which host rocks and ore deposits form. 

conodonts

‹
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1 mm

APPLICATION

ADVANCED  
GEOCHRONOLOGY

The zircon grains monomineral concentrate  
– a basic material for U-Pb SHRIMP isotopic datings.
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The small analytical volume (~1000 cubic microns) allows mi-
nimal sample consumption prior to subsequent analytical 
techniques. Therefore SHRIMP IIe is a appropriate tool for:

• accurate determination of the ages  
of igneous rocks

• accurate determination of the ages  
of mineral deposits

• magma provenance from inherited zircon cores and 
age of metamorphism from zircon overgrowths

• unravelling the history of complex metamorphic  
terranes,

• tracing crustal growth and recycling through  
geologic time

• sediment provenance and correlation using  
detrital zircon cores

• deposition ages from diagenetic overgrowths

• tectonic framework and timing of basin formation  
for petroleum exploration

• calibrating the Palaeozoic time-scale

• dating of the Earth’s oldest crust

• examining the oldest zircons in the solar system

SHRIMP  
IIe/MC

Through U-Pb dating of zircons and others accessory U-Pb-Th 
bearing minerals such as zircon, titanite, perovskite, allanite, 
rutile, baddeleyite, monazite, and xenotime and opal  where 
U-Th disequilibrium geochronology has also been performed.

SHRIMP analyses are advantageous in that the fine spatial 
resolution allows targeting of subgrain domains in mineral 
grains with complex growth histories, avoiding U or Pb-rich in-
clusions or metamict domains. When temporal precision hi-
gher than 1% is required, the SHRIMP IIe/MC can be used 
to screen zircon grains for lead loss, inherited cores, or other 
problems that may inhibit or complicate TIMS analysis.

APPLICATION

1 mm

ADVANCED  
GEOCHRONOLOGY
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CHEMISTRY         GEOLOGY                    

'Without chemical dissolution and destruction, in-situ, micro-
analysis of nano amount of sample for diagnosis (only 2 to 5 
nanograms) the SHRIMP IIe/MC enables detection of the iso-
topic variations within different specimens. 

The SHRIMP ion microprobe is a versatile and most efficient 
microanalytical tool for a wide range of geochemical and 
isotopic investigations. SHRIMP can be used to solve crucial 
problems for geological, environmental, or technological 
and experimental studies. 
For many years SHRIMP has provided the world’s geological 
surveys and the mining industry with valuable isotopic data 
to reduce exploration risk. There are two main types of ana-
lysis which dominate current SHRIMP application, which are: 
U-Pb-Th geochronology and stable isotopes ratios of the  
light elements. 

SHRIMP     ion     microprobe    originally    was    designed     for      geological  
research purposes. It was mainly focused on geochronology. 
The first instrument was constructed by the Research School 
of Earth Sciences (RSES) at the Australian National Universi-
ty (ANU) in Canberra and then SHRIMP was developed and 
manufactured by Australian Scientific Instruments (ASI).

The application of SHRIMP IIe/MC, however, is not limited to 
the precise U-Pb isotopic geochronology. A relatively new 
application of SHRIMP IIe is measurement of the stable isoto-
pes of the light elements including: oxygen (O), sulfur (S) and 
carbon (C). 

GEOLOGY, CHEMISTRY, COSMOCHEMISTRY, 
(PALAEO-) BIOLOGY, NUCLEAR ENERGY,  
PHYSICS, MATERIALS SCIENCES,

SHRIMP  
IIe/MC APPLICATION
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SHRIMP  
IIe/MC
APPLICATION
scheme
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The quality of the instrument can be assessed by its ability to 
detect trace elements present in the target at low concen-
trations (sensitivity) and its ability to distinguish between ions 
of very similar mass (mass resolution). 
The high mass resolution of SHRIMP IIe is achieved by the use 
of a double-focusing mass spectrometer (energy and mass 
refocusing) with a very large turning radius of magnet and 
electrostatic analyzer (magnet radius 1000 mm, electrosta-
tic analyzer radius 1272 mm). 
Therefore SHRIMP has a beam line over 7 m long and weighs 
more than 13 tons.

The high sensitivity at high mass resolution: 5400 M/ΔM at 80% 
transmission with flat – topped peaks, permits resolution of 
major molecular interferences during analysis.
SHRIMP can be used for a routine measurement of the iso-
topic composition of the abundances of most elements in 
the Periodic Table and can operate in positive or negative 
ion mode. 
SHRIMP is equipped with a Duoplasmatron for positive secon-
dary ion analysis and a Caesium source and charge neutrali-
zation system for negative secondary ion analyses.

TECHNICAL  
PARAMETERS

View of the opened source chamber of the SHRIMP IIe/MC, with the primary 

column and Köhler apertures (location showing by hand) and secondary  

column extending (to the left) towards the electrostatic analyser

‹

Caesium Gun, which provides a stable positive Cs+ beam

‹
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The sputtered fragments are ionised, and then the seconda-
ry ions are gathered using electrostatic lenses and transfer-
red to a mass spectrometer in which they are separated ac-
cording to their relative masses.
The secondary mass analyser comprises an electrostatic sec-
tor, a quadrupole correcting lens and electromagnet. This 
design gives small values for all second-order image aber-
rations.

SHRIMP makes in situ isotopic and chemical analyses of com-
plex solid materials (without chemical dissolution) by bom-
barding the sample surface with a high energy primary ion 
beam in a high vacuum, with a spot diameter of only a few 
microns. 
This desorbs surface species through a physical process cal-
led sputtering. The primary ion beam diameter can be set 
from 30 microns to less than 5 microns. 

SHRIMP  
IIe/MC TECHNICAL  

PARAMETERS

Interchangeable sources of the primary ions:

Duoplasmatron, which produce negative ion beam from pure O2

‹
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SHRIMP IIe/MC is an extremely sensitive tool for micro-scale chemical and isotopic 
analysis which allows us to take a look back billions of years in time and respond to 
questions concerning the geological history of the Earth and early stages formation 
of the crust, or even confront the history of the solar system.

SHRIMP  
IIe/MC

Source: http://earthobservatory.nasa.gov/IOTD/view.php?id=79743&src=eoa-iotd

Author: NASA. Courtesy of Denis Sarrazin.

Foto. Pingualuit crater in northern  
Quebec, Canada, 
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Electrostatic Analyzer  
Sector ESA

Main sample  
chamber

Primary ion source  
(at the back  

of main chamber)

manufactured by:
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The Sensitive High Resolution Ion MicroProbe (SHRIMP) is a secondary ion mass spectro-
meter (SIMS) with high sensitivity at high mass resolution. SHRIMP utilizes a beam of char-
ged particles to probe solids (such as individual mineral grains), for the purpose of ele-
mental and isotopic analysis. SHRIMP ion microprobe as a significant instrumental invest-
ment in PGI-NRI is made possible by a grant from the Fund for Polish Science and Tech-
nology (661/FNiTP/616/2011) founded by the Polish Ministry of Science and Higher Edu-
cation. 

Multicolector secondary  
ion detectors

Magnetic Sector  
(magnet)

SHRIMP  
IIe/MC
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Ion Microprobe  
Facility

SHRIMP IIe/MC

The Ion Microprobe Facility is part of the Micro-area 
Analysis Laboratory, which is dedicated to qualitative 
and quantitative analysis of the chemical composition 
on solid material using micro- amount of samples.
 
The original idea to build that highly specialized facili-
ty in the Institute was put forward by Director Prof. Jerzy 
Nawrocki. Thanks to grant from the Polish Science and 
Technology Fund of the Minister of Science and Higer 
Education, it became possible to equip the facility in 
the latest, upgraded version of SHRIMP IIe/MC sensitive 
and high-resolution ion microprobe with multicollector.

This instrument has been manufactured by Australian 
Scientific Instruments (ASI), with cooperation of the Au-
stralian National University in Canberra, where the ion 
microprobe was first designed and developed. The 
SHRIMP instrument has allowed the discovery the ol-
dest minerals on Earth - zircons from Jack Hills, dated at 
4.4 billion years. The PGI ion microprobe is the fourth of 
the SHRIMP instruments in the world designed to a new 
enhanced configuration.

Resarche works in the new facility will focus mostly on 
geochronology and determination of the isotopic ages 
of rocks and minerals, as crucial for many fields of geo-
logy. The technical parameters of this unique and ver-
satile device allow however, for much more. Currently 
the high sensitivity stable isotope analysis enables the 
determination of climate, changes during the last sta-
ges of the Earth's history. SHRIMP'S perfect technology 
is still evolving and will certainly soon provide a much 
surprising data for various fields of modern geology. 

Micro-area Analysis Laboratory
Ion Microprobe Facility 
Polish Geological Institute
National Research Institute  

shrimp@pgi.gov.pl

4, Rakowiecka Street
00-975 Warsaw, Poland
www.pgi.gov.pl

contact: 
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