Preparation for your analytical session at the GZN LA-ICP-
MS/MS facility

Laser ICP-MS/MS is a highly flexible and robust technique. However, preparation prior to
your analytical session is essential for ensuring high quality results. This documentis
intended for new users to ensure that each analysis generates high quality data.

Prior to arrival at the GZN LA-ICP-MS/MS facility all users should have:

e Communicated their sample types, analytical plan and goals to Dr. Marshall
(edward.w.marshall@fau.de) or the supervising analyst

e Prepared a list of elements need to be analyzed (note that longer lists of elements
are analytically more challenging)

e Have a physical or digital map of the analysis locations

e Have ensured that their samples fit into available drawer inserts

e Removed all carbon or gold coatings from samples surfaces

e Measured the major element composition of the target(s) for analysis. For
conventional quantitative LA-ICP-MS/MS analyses (e.g. trace elements in sulfides),
the major element composition of the material is needed for trace element data
reduction (e.g., through EMP analysis) for all locations of the object that are
intended to be analyzed during LA-ICP-MS/MS. For more complex analyses (e.g.,
element imaging), contact Dr. Marshall or the supervising analyst.

Developing an Analytical Plan:

Quantity of Measurements:

The quantity of measurements depends primarily on the user. A single spot analysis on
silicate minerals lasts about one minute. Because of the quick speed of analysis, much of
the time in an analytical session is consumed during programming of the sample points
(many users program points at a rate of ca. 1 spot per minute). Experienced, well-prepared
users running in automated mode can analyze more than 200 sample spots (about 3.5 hours
of measuring time) within an eight-hour work day. However, most users running in automated
mode measure about 150 spots per day.

If each analysis needs to be run non-automated, for example in cases where extreme spatial
precision is needed, this also slows down the number of spots that can be measured in a
day. Here, the number of spots run per day may vary significantly.

Which Elements?

The selection of elements is entirely dependent on the project in question. However, some
elements are more difficult to analyze than others (see below figure; from Jenner and
Arevalo, 2016, Elements)


mailto:edward.w.marshall@fau.de

T 2 3 4 526 720 P 70 70 [ 2 0 [ 73 0 7 0 | 7 5001 0 Y 700 78,
e.g. volcanic glass analysis

1 D Routine analysis Pref. major ic A s He |1
“ [ nterferencecotectin (i mass Danger: Isotope choice is sample specific
. 7“ 9Be [ Potential (ic, sensitivity, few/no ref. values) Es';r'nn:;‘l‘ n B At clwlo Flw B
402 1375 Interference correction (ic) géSRT 26&2 ppm or 343 .
2 24 Oxide, 0 Doubly charged, 2+ DL *=wt% 27 2 3 > 35
3 “a Mg Argide, ArMass interference, 2’ 2} AI Si P S ) a Ar |3
323*  |3.56 1B4* [719* 1615 [(1415] |[301]
39 (4 45 0[49 51 [83 ss [ [ e fes 66 72472 24|75 2|77 2t
4| K |C [Sc |Ti |V |C [Mn|Fe |Co|Ni |Cu|Zn |[Ga [Ge | As | Se"| Br | r |4
| [14900 f11.9* 399 (394 (388 390 (387 [124* 355 [388 (378 391 367 361 (357 [152 o
85 |88 89 |90 ENES 99 [103 [105  [1w07 o[t |15 safiie [121 |15 [127
5({Rb| Sr | Y [ Zr [Nb (Mo | 7c |Ru | Rh | Pd |Ag| Cd | In [ Sn [Sh [ Te | | | Xe |5
314|784 [383 379 [389 |374 00011 Joo1  [1.05 |22 T |81 389 (386 (347 (309 |
133 [137 i77 181 [182  [185 of1.9  [193  [195 o[197 ofor [05 Jo7  [209
6| Cs | Ba Hf (Ta |W |Re |Os | /r | Pt |Au|Hg [TI [Pb | Bi |Fo | Al | Rn |6
27 [393 367 [376 |38 663 [mv  fov 251 477 |vT 149 13857 (302
nrv = no reference value
7| Fr | Ra Rf | Db| Sg | Bh | Hs | Mt 7
Minimal  Pronounced across Period'increase in transport efficiency during spot analysis (except Group 1 elements)
inter-element | -
(\Aflrlatf]tl:)g?gl(])gs) B9 [0 [ |16 W 153 |57 |59 [1© 165 166 [69 |72 175
la {Ce | Pr |Nd |Pm |Sm | Eu | Gd [Th [Dy |Ho | Er [Tm |Yb | Lu
36 [384  [379 [355 377 356 373  [376 355" 383 |38 368 [392 |37
232 238
Ac I'Th | Pa PO | Np | Pu|Am | Cm |Bk | ¢f | Es | Fm | Md | No | Lr
37.79 37.38

In the above figure, elements in grey are elements that are routinely measured in many
materials at the GZN LA-ICP-MS/MS facility. The elements in yellow can be measured with
some work. The elements in blue require specialized methods or standards. At the GZN LA-
ICP-MS/MS, we actually specialize in measuring platinum group elements, S, and Te in
sulfides, which are all outlined in blue here. However, for the most part, how easily an
element can be analyzed also depends on the matrix and so it is best to have your list of
elements checked by your LA-ICP-MS/MS analyst before the session.

What laser and ICP-MS parameters do | use? Element count times, Spot size, Fluence, etc:
There are many detailed parameters for LA-ICP-MS/MS analyses, but these are best
determined in collaboration with the LA-ICP-MS/MS analyst. Some parameters like spot size
have strong tradeoffs between data quality and spatial resolution, and can be changed even
inthe middle of a session depending on need. Other parameters like laser fluence are simply
related to the composition of the sample matrix and unlikely to change within a session.

Sample Preparation:

Routine laser ablation is most simply performed on flat, polished surfaces. If a user intends
to measure a large number of points in a short time, we highly recommend mounting the
sample in epoxy as a probe round or thin/thick section.

At the GZN LA-ICP-MS/MS facility, we have several different sample drawer inserts into the
LA-ICPMS that permit a wide range of different sample preparation types:

Drawer 1: Nine 1”’ (2.54mm) probe round slots and four 0.5”’ (1.3mm) mini probe round slots



Drawer 2: Three 1’ (2.54mm) probe round slots, three 0.5 (1.3mm) mini probe round slots,
and two glass slide holders designed to accommodate four 28mm x 48mm glass slides or
two 28mm x 96mm glass slides (thin or thick sections).

Drawer 3: An open-plan rectangular 100mm by 100mm tray for irregular samples. Samples
can simply be placed onto the tray. Samples must not be more than 9mm in height. The
drawback of using this sample chamber is that the laser can only perform analyses along a
planar surface. Irregular samples must therefore be carefully placed at the particular height
where they can be ablated. Because samples are not locked in place, as in the other holders,
they can experience some movement during analysis. Therefore, we recommend that users
that require high spatial precision do not use the open-plan drawer.

Examples of poorly prepared and good epoxy grain mounts
v .

Poorly prepared mount: lots of wasted space, samples
located all around the mount and not organized, grains not
packed tightly together, only four samples in this mount.

samples are organized, each
sample is more tightly packed, nine samples in this mount.



Best prepared mount: samples are organized, each sample
is tightly packed, no wasted space, 61 samples in this mount.

Sample Chemical Characterization:

For conventional LA-ICP-MS/MS analyses, measurement of an internal standard is required
in order to generate quantitative data.

Accurate analysis of trace elemental concentrations via LA-ICP-MS/MS nearly always
requires preliminary major element analysis of the sample, such as via electron microprobe.
This is because the data reduction for LA-ICPMS trace element analyses uses an “internal
standard” which is an element that can be measured via LA-ICP-MS/MS and whose
concentration is already known. For each analytical spot, the concentration of the internal
standard element must be known and is used to quantify the abundances of all the trace
elements explored in the LA-ICP-MS/MS analysis. Some common examples include: Fe or S
in pyrite, Si or Cain clinopyroxene, Si or Ca in basaltic glass, Alin corundum, or Cain calcite.
It is important that the internal standard be accurately and precisely determined, as all
uncertainty from determining the internal standard is passed on the uncertainty in the trace
element measurements.



