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FIG 1 - Examples of various diamond core orienting tools. (A) The downhole spear. (B) The Ezy-MarkTM tool. The orange section has pins that conform to the shape 
of the core stub, as seen in (C) below. The orange section can be left in the core tray as a proxy for a core block, thereby preserving the orientation with the core.  

(C) Ezy-MarkTM tool with permanent pins and crayon. Note the three aligned balls on the right-hand side of the instrument. (D) The Verti-OriTM tool. (E) Ballmark®  
soft metal washer (left) with reference mark (hole) and orientation indentation (near finger). The right-hand picture shows the ceramic ball in the track where 

it freely rotates until the orientation is made. (F) The ReflexTM tool. (G) The AceTM tool (left) and stopwatch (right). (H) The ORIshotTM tool showing orientation 
instruments and handset.
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Details of the methods and potential associated 

problems

The downhole spear

FIG 2 - (A) to (E) show various marks made using a downhole spear that has had either a hardened metal tip or a crayon tip. (A) Smeared crayon mark defining a poor 
quality orientation mark, which is too wide to confidently locate the bottom-of-core position. (B) Unusable mark produced by a metal-tipped spear in the centre of 
a core interval. (C) Several metal-tipped spear impact marks at various positions across a core break. The impact marks define a line and are a result of dropping the 
spear from too far up the hole. (D) Elongated metal-tipped spear impact mark defining an unusable orientation mark in the centre of the core break. (E) Smudged 

crayon impact mark. Although the inclination would be to use the point at which the mark intersects the edge of the core, this is not correct and the mark should be 
treated as unusable. (F) Example of a poorly designed spear comprising an impact tip of a blunt crayon loosely attached to the spear with gaffer tape.
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FIG 3 - Orientation shroud for the Ezy-Mark™ tool showing viewing window 
where a high-confidence orientation mark is indicated by the alignment of the 

three balls. 



125Mineral Resource and Ore Reserve Estimation

Use and Abuse of Oriented Drill Core | B K Davis

 •

Verti-OriTM

ReflexTM (including AceTM)
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ORIshotTM

Comments on orientation mark convention
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General problems at the rig

Experience of personnel

Case study

Frequency of core orientation marks

Implementation of orientation method

Case study
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Ongoing surveillance of the orientation process Keeping track of the culprits

Case study

FIG 4 - The poorly designed spear in Figure 2F has produced the mark shown 
here. The orientation mark was originally a yellow spot but the mark has been 
overwritten by drillers trying to be helpful through painting around the mark. 

Both the state of the spear and the mark should have been identified by the 
geologist in charge and rectified. 

FIG 5 - Examples of driller identification on core blocks at the break where the orientation was taken. RK has produced an unusable mark whereas Henry has 
produced a good mark. 
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Case study

Final comments on the surveillance of the orientation process

Case study

Problems at the marking up stage – the orientation 

line 

What does the orientation line represent?

Core reassembly

FIG 6 - Example of a very discrete orientation mark near the edge of the core. This 
mark was allegedly made by a spear but is more likely to have been fabricated.
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of core to the top of core. Secondly, if geologists are not made 
aware of the non-industry procedure of swapping the line 
from bottom of core to the top, they will place the core in 
an orienting frame in a position that is rotated 180 degrees 
from its true orientation. Similarly, Kenometer™ and alpha-
beta strips typically measure alpha (apparent dip) and beta 
(apparent dip-direction) values relative to a bottom-of-core 
line, not top-of-core.

The situation of orientation lines on the top of the core 
may seem uncommon but the author has seen this on several 
occasions.

Case study

The author experienced an even more incredible situation 
when working on the initial holes in a major orogenic gold 
deposit in the Eastern Gold  elds of Western Australia. After 
spending a day or so in the balmy 40°+ degree summer 
heat in the core yard, the data was not making sense. When 
querying the resident exploration manager about the core 
orientations, the author was told that the geologist wanted to 
view the orientation line when he was looking at the core so 
he changed it from bottom-of-core to top-of-core after the  rst 
seven holes. Clearly, this is an inappropriate practice.

The marking-up process brie  y described below follows 
industry convention and pertains to bottom-of-core 
orientation marks and lines.

Marking the orientation line
The orientation line should represent the result of joining up 
con  dently made orientation marks. Since each orientation 
mark has an unknown accuracy, it can only be accepted if it 
correlates with at least one but preferably two or more of the 
other adjacent orientation marks; that is, a straight line must 
connect the orientation marks when a coherent core between 
the marks is con  dently reassembled.

To make an orientation line, the core should be reconstructed 
between the orientation marks. The best method for this is to 
use a continuous length of angle iron that can accommodate 

several runs. For example, if using a 6 m core barrel, at least 
20 m of angle iron should be available to lay the core out 
on (Figure 8). This allows four marks (three internal marks 
plus one from the end of the interval above or below) to be 
assessed for consistent bottom-of-hole positions. Alternatives 
to angle iron include the use of a sheet of corrugated or ribbed 
metal that allow successive runs to be aligned adjacent to 
each other (Figure 9).

The procedure for marking orientation lines should 
incorporate the following:
 • Placing a small pencil mark on the side of the core where 

the interpreted bottom of the hole is. This is done by 

FIG 7 - The core either side of the angled break (circled) fi ts together tightly. 
There is a lack of quality control associated with the red orientation line, 

however, as it shows misalignment across the break. The core across the breaks 
had not been pushed together to check the joins prior to marking. As an aside, 
this mistake was noted while the geologist concerned was claiming that there 

were no core orientation issues.

FIG 8 - Core laid out in a piece of angle iron to the left of the trays from which it 
was taken. The oriented marks are then lined up and the edge of the angle iron 

used as a guide to draw the orientation line. 

FIG 9 - Core laid out on a sheet of iron with angular corrugations. The 
orientation marks are aligned on the top side of the core (still bottom-of-hole 
but the core is rotated around). A piece of iron is then rubbed against the core 

and produces a non-temporary line on pieces of adjacent core. This line can 
then be checked against the marks for consistency and over-written in ink if 

the marks are of good quality. 
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FIG 10 - Example of core spin that has induced circular marks on the core 
either side of the break.

FIG 11 - Example of a portion of core showing evidence for core-spin. The spin 
marks were due to the rotation of core from the previously drilled interval. The 
piece of core in this figure represented the start of a new core run and did not 

undergo rotation.
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Designating the quality of the orientation line

FIG 12 - Poor geological practice exemplified by misalignment of a core 
orientation line across a core break. Note that the core fits together well, 

and when it does the pyritic vein under the thumb is continuous.

FIG 13 - An example of a dislocated orientation line that is hard to explain. 
Either the core had not been diligently reassembled, or the orientation line had 
been drawn from two different directions and did not match. In both cases the 

orientation lines are of no confidence. 

FIG 14 - Example of high-confidence orientation lines terminating at core 
breaks that could be confidently reassembled. The breaks are shown in the 

oriented core with the orientation lines at the top of the figure. Terminating the 
lines has meant that a large interval of coherent core has not been oriented. 
In this case, the lack of orientation line was a concern because the unmarked 

interval contained a number of important structures needing to be measured.
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Comments on the convention of line-marking direction

Collection of structural data from oriented core

Methods of data collection/measurement and comments on 

interpretation 

Case study

Final pleas

FIG 15 - ‘Oriented’ core showing a red downhole spear orientation mark on the 
core break. The core break represents the start of a new core run and progressively 

deeper portions of core are located in a direction away from the mark. 
Consequently, the orientation line on the outside of the core that points towards 

the orientation mark is incorrect because it indicates an uphole direction. 
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CONCLUSIONS

FIG 16 - Examples of problems arising from a core frame that contains magnetic material (left). The yellow item is a pen magnet. The upper-right photo shows 
the compass several centimetres away from the core frame, whereas the lower one shows the compass resting against the core frame. The two photos show that 

the needle orientation in the compass can be out by as much as 30°, depending on proximity to the core frame.

FIG 17 - Oriented core inside a KenometerTM. This device allows for easy measurement of alpha and beta angles.
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FIG 18 - Example of a small circle distribution of data due to measurements 
being taken from core that has been rotated. The centre of this distribution is 

the rotation axis, which is the orientation of the drill hole axis. 
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